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A Parasitological Survey
in Three Selected Communities in Luapula Province,

Northern Rhodesia
FERGUS McCULLOUGH 1 & BENT FRIIS-HANSEN 2

The authors present the results of a parasitological survey conducted among children
living in three rural and geographically separate communities selectedfor the work of the
Health and Nutrition Scheme, Fort Rosebery, Northern Rhodesia. The survey included
observations on Plasmodium spp. and other parasites of the blood, Endamoeba spp.,
and helminth and arthropod parasites. In addition, data on the distribution and taxonomy
of local anophelines and fresh-water molluscs are given.

As was expected, malaria, urinary bilharziasis and hookworm were the most important
parasitic infections recorded, though the prevalence of each varied considerably in each
community. Such local variation in prevalence of a particular parasitic infection should
prove to be encouraging, rather than discouraging, to the initiation of control measures.

The results of the present survey support the view, too frequently forgotten, that for an
adequate understanding of the prevalence of different parasitic infections precise, local
investigations are imperative; without such investigations, broadconclusions are seldom valid.

Apart from the helminthological survey carried
out by Buckley (1946) in the Northern and Luapula
provinces of Northern Rhodesia, few precise data on
the prevalence of human parasitic infections in this
region have been recorded. It must be stressed, how-
ever, that the broad pattern of the relative importance
of the various infections has long been known to the
local health authorities. Nevertheless, as described
below, the results of the present survey clearly show
that such broad conclusions are seldom valid and
that the importance of the several parasitic diseases
varies widely from locality to locality. With this
thesis in mind, the results of the present surveys
conducted at Matanda, Fort Rosebery and Shika-
mushile, the three selected communities or pilot
areas (see map overleaf), are worthy of brief
description.
The present work was carried out in 1958 as part

of the initial programme of the Health and Nutrition
Scheme at Fort Rosebery, Northern Rhodesia. The

1 WHO Regional Office for Africa, Brazzaville, Republic
of the Congo. Present address: Bilharziasis Pilot Project,
c/o Medical Field Units, Kintampo, Ghana.
'WHO Regional Office for Africa, Brazzaville, Republic

of the Congo. Present address: Queen Louise's Children's
Hospital, Copenhagen, Denmark.

broad aims of this project have been described in the
Annual Report of the Regional Director,3 WHO
Regional Office for Africa, Brazzaville, and in progress
reports prepared by the authors and their national
associates. In addition, data pertinent to the present
observations are given by Friis-Hansen & Mc-
Cullough (to be published) in a paper on anaemia
and parasitic infestation in African children belong-
ing to the pilot areas of the Scheme.

It may also be mentioned that, in addition to the
survey reported in the present paper, other hel-
minthological surveys were conducted in localities in
the environs of Fort Rosebery that are not included
in the Health and Nutrition Scheme. It is hoped to
publish the results of these observations separately.

PROCEDURE

The examination of blood, faeces and urine speci-
mens was mainly restricted to children living in each
of the pilot areas and grouped according to weight
rather than age. With the exception of the examina-
tion of thick blood smears for the seasonal prevalence
of malaria, usually only a single examination was
carried out.

'Unpublished document AFR/RC9/3, 1958-59.
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LOCATION OF THE PILOT AREAS
IN LUAPULA PROVINCE, NORTHERN RHODESIA

Both thick and thin blood smears were taken to
determine the prevalence of blood parasites and the
differentiation of Plasmodium species. The pro-
cedure employed in the preparation of these smears
is described by Manson-Bahr (1954).
The method used for the detection of helminth ova

and larvae in stool specimens was similar to that
detailed by Buckley (op. cit.) but, in addition, a drop
of iodine solution was added to the final preparation
for the detection of amoebae.
The procedure for the diagnosis of Schistosoma

haematobium in specimens of urine was briefly as
follows: terminal urine specimens were collected in
numbered bottles and allowed to stand for at least
30 minutes; the supernatant was discarded and the
remainder was added to a solid watch-glass and
examined under a stereoscopic microscope. This
simple and rapid method is well suited to work in
the field.

The identification of anopheline larvae and the
taxonomic classification of the fresh-water molluscs
collected in the pilot areas were kindly undertaken
by Mr C. J. Shiff, Medical Entomologist, Lusaka,
and Dr G. Mandahl-Barth, Danmarks Akvarium,
Copenhagen, respectively, to whom the authors are
deeply indebted. The method employed in the
collection and preservation of the molluscs has al-
ready been described by McCullough (1955) and
Wright (1957).

RESULTS AND DISCUSSION

Malaria
As with the other parasitic infections investigated,

there is little doubt that the prevalence of malaria
varies markedly in the three pilot areas. Thus, as
shown in Table 1, the examination of thick blood

TABLE I
PREVALENCE OF MALARIA DURING OCTOBER AND

NOVEMBER 1958 IN INFANTS UNDER 12 MONTHS OF AGE
LIVING IN THE PILOT AREAS

Dates on
which blood Number Number Percen-Pilot area slides were examined positive positive

taken pstv

Fort Rosebery 23.10.58 100 18 18

Matanda 17.10.58 to 99 73 73
20.10.58

Shikamushile 7.11.58 69 25 36

Shikamushile 27.11.58 to 150 54 36
9.12[58

smears taken during late October and early November
1958 from infants living at Matanda, Fort Rosebery
and Shikamushile showed rates of 73%, 18% and
36%, respectively. This variation in the pattern of
the prevalence of malaria is confirmed (Table 2) by
the results of additional surveys conducted in each
of the pilot areas. The available evidence therefore
shows that the malaria rate is greatest at Matanda,
intermediate at Shikamushile and least, not surpris-
ingly, at Fort Rosebery, where house spraying and
drainage operations have been carried out for the
past several years. It is difficult, however, to explain
the marked difference in prevalence at Matanda
and Shikamushile, as factors influencing transmission

214



PARASITOLOGICAL SURVEY IN LUAPULA PROVINCE, NORTHERN RHODESIA

TABLE 2

PREVALENCE OF MALARIA IN CHILDREN OF DIFFERENT
WEIGHT-GROUPS LIVING IN THE PILOT AREAS

Weight-group (kg)
Pilot area

0-10 | 10-20 20+

Number examined 115 216 533
Fort Rosebery

Percentage positive 25 % 33 % 26 %

Number examined 70 148 131
Matanda

Percentage positive 81 % 89 % 73 %

Number examined 86 126 192
S hikamushile

Percentage positive 51 % 54 % 30 %

are not obviously different in the two areas. Never-
theless, Smith (1950) also recorded a higher rate of
malaria, as judged by spleen rates, in pre-school
children living near the Luapula river than in those
residing away from the river.
Plasmodium fakciparum is virtually the exclusive

species causing malaria in each pilot area, although
very occasionally P. malariae also occurs. This
conclusion agrees with the findings of Dixon (1934),
who recorded P. falciparum in 87% of cases at
Chibambo. Likewise, there can be little doubt that
Anopheles gambiae and A. funestus are the most
important local vectors. Collections of anopheline
larvae were undertaken during May and June from
habitats in each pilot area and the proportion of the
different species in these collections is shown in
Table 3.
Though our observations on the seasonal preval-

ence of malaria are far from complete and further
investigation on this important problem is desir-
able, our preliminary results (Table 4) indicate
that the parasite rate is appreciably higher in the
early dry season (May and June) than in the late
dry season and rainy season (August to December).
These results are in agreement with those ofDr D. M.
Blair, in Southem Rhodesia, quoted by Reid &
Woods (1957). It seems, therefore, that trans-
mission of malaria occurs throughout most months
of the year, but is maximum at the end of the rainy
season and prior to the period when night tempera-
tures are lowest.

Amoebae

The non-pathogenic Endamoeba coli was common-
ly recorded during the surveys, its prevalence ranging

TABLE 3
SPECIES OF ANOPHELES LARVAE COLLECTED

IN THE PILOT AREAS DURING THE DRY SEASON, 1958a

Pilot area and Species of I Number Percentage
collection Anopheles recorded recorded

Fort Rosebery:

May and June A. coustani 75 24.8

A. gambiae 69 22.8

A. maculipalpis 32 10.6

A. funestus 31 10.3

A. brunipes 8 2.7

A. squamosus 6 1.9

A.rufipes 5 1.6

A. walravensi 4 1.3

A. squamosus
cydippis 3 0.9

July A. coustani 72 36.2

A. maculipalpis 30 15.1

A. gambiae 12 6.0

A. walravensi 3 1.5

A. squamosus
cydippis 3 1.5

A. funestus 3 1.5

Matanda:

June A. funestus 17 27.9

A. coustani 14 22.9

A. gambiae 6 9.8

A. ruflpes 4 6.5

Shikamushile:

May and June A. squamosus
cydippis 47 21.9

A. coustani 43 20.1

A. brunipes 13 6.0

A. marshalli 6 2.8

A. gambiae 5 2.3

A. argenteolobatus 4 1.9

a The larvae were kindly identified by Mr C. J. Shiff, Medical
Entomologist, Lusaka.

from 18% to 44% among schoolchildren living in
the pilot areas (Table 5). E. histolytica, on the other
hand, was only very rarely observed, and for this
reason it can be safely concluded that amoebiasis is
not locally important.
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TABLE 4
MALARIA PARASITE RATE AT DIFFERENT TIMES

OF THE YEAR IN CHILDREN LIVING IN THE PILOT AREAS

IDates on
which blood Number Number Percen-

Pilot area slides were examined positive tage
ta

Fort Rosebery 15.12.57 300 63 21

17.4.58 56 20 35

14.8.58 50 6 12

4.9.58 50 11 22

Matanda 17.5.58 to
20.5.58 304 247 81

17.6.58 46 36 78

15.8.58 50 17 34

2.9.28 50 19 38

19.9.58 50 23 46

26.9.58 50 13 26

3.10.58 50 20 40

22.12.58 50 15 30

Shikamushile 29.6.58 to 331 151 46
3.7.58

9.9.58 50 12 24

23.9.58 50 12 24

8.10.58 50 8 16

24.12.58 50 27 54

Schistosomes
Schistosoma mansoni. Only three cases of Schisto-

soma mansoni, two at Matanda and one at Fort
Rosebery, were recorded. Intestinal bilharziasis is
therefore at present of no importance in the pilot
areas. Both at Fort Rosebery and at Matanda,
however, there is some danger that the disease may
spread as the potential snail hosts, belonging to the
genus Biomphalaria, occur in habitats in each
locality. The distribution of these snails and other
molluscs in the environs of the pilot areas is shown
in Table 6.

Schistosoma haematobium. The varying prevalence
of urinary bilharziasis in each pilot area (Table 7)
presents an interesting picture, which undoubtedly
reflects the degree of intensity of transmission in
each locality.

It can be seen that at Matanda the infection rate
approaches 100% and even in adults the prevalence

TABLE 5
PREVALENCE OF PARASITES IN STOOLS OF CHILDREN
OF DIFFERENT WEIGHT-GROUPS LIVING IN THE PILOT

AREAS

Fort Mtna Shika-
Rosebery |uMatanda shile

Parasite 10-20 20 + 10-20 20 + 10-20 20 +
kg kg kg kg kg kg

26 a 465 a 55 a 94 a 32 a 204 a

Hookworm 19% 21 % 60 % 68 % 16 % 22 %

Ascaris lumbricoides - 0.2 % 2 % - - -

Strongyloides sp. 19% 5% 20% 19% 6% 2%

Hymenolepis nana - 1 % _ - 3 % 0.5 %

Schistosoma
haematobium _ - 4 % 1 % - -

S. mansoni _ - - 2 % - -

Endemoeba coli 23 % 18 % 25 % 24 % 44 % 43 %

E. histolytica - 0.4 % - 1 % 3% 0.5 %

Trichostrongylus sp. I- - _ % - -

Enterobius
vermicularis.0 -

.
- - 0.5 %

a Number of stool specimens examined.

is high-a fact which is not only unusual, but which
indicates the high intensity of transmission as well
as the real importance of the disease in this area.
There is little doubt that transmission is intimately,
if not almost exclusively, associated with the small
perennial streams leading to the Luapula river. These
streams are frequently and regularly used by the
villagers for washing, bathing and other domestic
pursuits, and as shown in Table 7 they harbour the
potential snail hosts, which at times are abundant.
Although the snail hosts have also been found in
the Luapula river itself, their numbers there have
always been quite small, and it is believed that rela-
tively little transmission takes place in these waters,
which are also less frequently used by the majority
of the local African population. Nevertheless, it is
readily admitted that precise observations to support
or contradict this opinion are not at present available.
The issues involved could be finally settled only by
conducting a series of experiments of similar design
to those carried out in the Philippines by Pesigan
et al. (1958). Such experiments would involve the
controlled exposure of experimental, laboratory-
bred, host animals in the natural bodies of water,
including the Luapula river at Matanda.
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TABLE 6
DISTRIBUTION OF MOLLUSCS,

INCLUDING THE POTENTIAL SNAIL HOSTS
OF SCHISTOSOMA SPP., IN THE PILOT AREAS

Pilot area Snail habitat Molluscs recorded a

Fort Mansa river Bulinus (Physopsis) globusus;
Rosebery B. (P) africanus; Lanistes ovum;

Cleopatra mweruensis ; Lymnaea
natalensis; Aspatharia pfeifferi;
Caelatura luapulaensis

Namwandew B. (P.) globusus B. tropicus;
stream Biomphalaria pfeifferi bridoux-

iana ; Lymnaea natalensis ; Spha-
erium bangweolicum

Michinka B. (P.) africanus (not typical);
stream Biomphalaria p. bridouxiana;

Lymnaea natalensis

Lupuma dam B. (Physopsis) globosus ; Biom-
phalaria p. bridouxiana ; Lymnaea
natalensis

Matanda Luapula B. (Physopsis) globosus; Buli-
river nus tropicus; Lymnaea natalen-

sis; Cleopatra mweruensis; La-
nistes ovum; Etheria sp.; Mu-
tela hargeri; Sphaerium bang-
weolicum

Mobeshi B. (Physopsis) globusus; Gyrau-
stream lus costulatus; Segmentorbis

angustus; Burnupia alta

Lweba stream B. (Physopsis) africanus ; Ferris-
and Citati sia and other species as recor-
stream ded for the Mobeshi stream

Fipangwe Biomphalaria pfeifferi rhodesien-
stream sis

Shikamushile Nsakalala Bellamya capillata ; Lymnaea na-
lake talensis; Lanistes ovum; Buli-

nus tropicus; B. (Physopsis)
globusus

Kapululu Bulinus tropicus; Lanistes ovum
Dambo

° The molluscs were kindly identified by Dr G. Mandahl-
Barth, Danmarks Akvarium, Copenhagen.

The prevalence of urinary bilharziasis among
the inhabitants of Kolala, Mushesha, Kachingwe,
Chimoto, Kaimbi and Shoma, to the north of the
Matanda pilot area, is not known with certainty.
There is some reason to believe that it is lower in
these villages than in other villages of the Matanda
pilot area, as their water supply is not so suitable
for the survival and multiplication of the snail
hosts. Further investigation to this end would be
both interesting and valuable.
At Fort Rosebery the prevalence of S. haematobium

is much lower than it is at Matanda (Table 7) and
probably does not exceed 30% in schoolchildren.
This indicates that transmission is generally not

TABLE 7
PREVALENCE OF S. HAEMATOBIUM IN CHILDREN

OF DIFFERENT WEIGHT-GROUPS LIVING IN THE PILOT
AREAS

Weight-group (kg)
Pilot area

0-10 10-20 20+

Number examined 31 503
Fort RoseberyF

Percentage positive 26% 20 %

Number examined 1 72 120
Matanda I

Percentage positive (100 %) 85 % 92 %

Number examined 4 46 203
Shikamushile

Percentage positive (25 %) 9 % 8%

intense, even though the snail hosts are commonly
found in the environs of the town (see Table 6).
The prevalence of urinary bilharziasis at Fort Rose-
bery is, in our experience, typical of urban centres
in Africa where the infection is endemic, but where
transmission is reduced by a pipe-borne or protected
water supply.
At Shikamushile the prevalence of S. haematobium

is very low, about 9 %, as shown in Table 7. The
scarcity of infection in this pilot area is in marked
contrast with its abundance at Matanda. Trans-
mission at Shikamushile is obviously not intense,
and it seems probable that the cycle of infection is
of relatively recent origin. This view is supported
by the fact that the potential snail hosts of S. haema-
tobium were recorded for the first time in Lake Bang-
weulu at Samfya. Buckley (op. cit.) drew attention
to the striking absence of S. haematobium and its
snail hosts from the Bangweulu region. In future
years it will be of great interest and importance to
observe the epidemiology of bilharziasis at Shika-
mushile and elsewhere around Lake Bangweulu.

Hookworm and other helminth parasites
The prevalence of hookworm and other helminth

parasites recorded during the surveys in the pilot
areas is shown in Table 5. Only at Matanda is the
prevalence of hookworm relatively high. At Fort
Rosebery and Shikamushile a much lower rate,
22% or less, was recorded.
Our results agree with the observations of Smith

(op. cit.), who likewise reported a significantly higher
rate of hookworm infestation in children living near
the Luapula river than in those living away from the
river. Though the standards of hygiene and sanita-

217



F. MCCULLOUGH & B. FRIIS-HANSEN

tion may be somewhat better at Fort Rosebery, it
is difficult to explain the difference in the hookworm
rates recorded at Matanda and Shikamushile, where
the sanitary standards are comparable and low.
The only other helminth parasites commonly

recorded in the pilot areas were Strongyloides spp.
No filarial infections were observed during the
surveys.
As repeated school examinations were not general-

ly carried out, there can be little doubt that the
prevalence of helminth infestation is higher than
that recorded in each pilot area.

Arthropod parasites

Bed-bugs (Cimex sp.) have been recorded in each
of the pilot areas and ticks (Ornithodoros sp.) are
especially common at Shikamushile though they

also occur at Matanda. During antimalaria house-
spraying operations at Shikamushile it was conser-
vatively estimated that 156 houses (8 Y.) were infested
with bed-bugs and 130 houses (7 %) harboured ticks.
The high frequency of houses infested with the latter
reflects the higher prevalence of relapsing fever
(Spirochaeta duttoni) recorded at Shikamushile.
At Fort Rosebery a case of myiasis due to the

larvae of the Tumbu fly (Cordylobia anthropophaga)
was observed. It is probable that this parasite is
more common than is indicated by our present
observations.

It should also be mentioned that infestation with
the " chigger " flea (Tunga penetrans) is seasonally
quite common in some villages in the region-for
example, Samfya-but is probably rare in the pilot
areas as no cases were seen during the clinical
surveys.
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R1ESUM1E

A la suite d'une enquete entreprise en Rhod6sie du
Nord, avec l'aide de l'OMS, un bilan des affections
parasitaires a et6 dress6, dans trois bourgades de la
Province de Luapula, choisies pour y mettre a ex6cution
un programme sanitaire et alimentaire (Health and
Nutrition Scheme). Les examens de sang, de selles et
d'urine ont Wt6 pratiqu6s, surtout chez les enfants des
trois zones pilotes, groupes selon leur poids plutot que
selon l'age.

Les trois parasitoses particulierement visees par 1'en-
quete 6taient le paludisme, l'amibiase et la bilharziose.

Les pourcentages d'infestations paludiques ont montre
d'importantes variations dans les trois collectivites, soit
18% pour Fort Rosebery, 36% pour Shikamushile et
73% pour Matanda. I1 n'est pas surprenant que le chiffre
concernant Rosebery soit le plus bas, puisque des pulve-
risations et des drainages y ont 0t6 effectues depuis
quelques ann6es. I1 semble que le taux important trouve a
Matanda soit en rapport avec la proximit6 de la riviere
Luapula.

C'est Plasmodium fakiparum qui est presque exclusive-
ment en cause dans chacune de ces regions, tres rarement
P. malariae. Les vecteurs les plus importants sont Ano-
pheles gambiae et A. funestus. Les premiers r6sultats des
6tudes sur l'incidence saisonniere du paludisme montrent
que le taux d'infestation est nettement plus 6lev6 au
d6but qu'a la fin de la saison s6che (en mai et en juin) et
que pendant la periode des pluies (d'aouft a d6cembre).
I1 semble que la transmission du paludisme se produise
tout au long de l'ann&e, mais qu'elle presente son maxi-
mum a la fin de la saison des pluies et avant la periode
des plus basses temperatures nocturnes.
En ce qui concerne l'amibiase, Endama?ba coil a &t6

frequemment rencontree (avec une frequence de 18% ah
44 %) chez les enfants vivant dans les regions considerees;
on a tres rarement trouve E. histolytica et on peut conclure
que l'amibiase n'est pas importante dans ce pays.
La presence de Schistosoma mansoni n'a 6t6 pr6cis6e

que trois fois. Mais une extension de la bilharziose est
possible avec la propagation des mollusques du genre
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Biomphalaria. La frequence de S. haematobium est
variable dans les zones etudiees; a Matanda, elle s'ap-
proche de 100%; dans cette localite, les adultes sont
atteints en tres grand nombre, ce qui est non seulement
un fait inhabituel, mais encore l'indication de l'impor-
tance de la transmission. Cette haute morbidit6 est sans
aucun doute en rapport avec l'utilisation par les indi-
genes, pour les besoins domestiques, des cours d'eau
tributaires de la riviere Luapula, qui h6bergent, parfois
en grand nombre, les mollusques vecteurs. A Fort
Rosebery, la fr6quence est moindre et n'excede probable-
ment pas 30% chez les enfants des ecoles; cela vient de ce
que la transmission est peu marquee par suite de la tech-
nique de I'approvisionnement en eau, par tuyaux ou
canalisation ouverte. Enfin a Shikamushile, la frequence
est tres basse, environ 9%; I'affection serait d'importation
nouvelle, car la r6gion du Lac Bangweulu a ete signal&e
r6cemment encore comme 6tant indemne de S. haemato-
bium et de mollusques vecteurs. I1 sera de la plus grande
importance dans les prochaines annees d'observer l'6pi-
demiologie de la bilharziose dans cette dernire region.

D'autres parasitoses ont ete observees. L'ankylosto-
miase ne presente une frNquence elevee qu'a Matanda
ou elle atteint 65% environ, alors que dans les autres
zones elle est d'environ 22 %. Un taux plus 61ev6 de cette
parasitose chez les enfants vivant pres de la riviere
Luapula, a ete observe par plusieurs auteurs.

Si l'on n'a pas diagnostiqu6 de filariose, on a par contre
frequemment rencontr6 des parasites du genre Stron-
gyloides.
On a toute raison de croire que la frequence des hel-

minthiases est plus 6levee que ne l'indiquent les chiffres,
car les examens pratiques dans les 6coles n'ont en general
pas ete r6petes.

Enfin, des punaises ont ete trouvees dans chaque zone,
et des tiques, occasionnellement & Matanda, souvent A
Shikamushile od la fievre recurrente due A Spirocharta
duttoni est relativement frequente.
Un seul cas de myiase (Cordylobia anthropophaga) fut

signale A Fort Rosebery, mais il est probable que cette
parasitose est moins rare que cette observation ne le
laisserait supposer.
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