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Fall in incidence of guinea-worm infection in western
Nigeria after periodic treatment of infected persons

0. 0. KALE'

Between 1971 and 1974 a series of drug trials was conducted in 17 rural communities
in western Nigeria where guinea-worm is endemic. During these trials and in subsequent
years treatment, in the form of chemotherapy and/or dressing of ulcers, was given to all
infected persons. A longitudinal study ofinfection in these villages showed a markedfall in
the annual incidence over an 8-yearperiod. The aggregate reduction in incidence in the three
sectors surveyed wasfrom 15.5% to 0.5% in sector 1, 29.8% to 0.4% in sector 2, and 20.3%
to 0.0% in sector 3. The change appeared to be partly due to the treatment, which reduced
the reservoir of infection and the rate ofpollution of the water supply. Most of the sources
of water continued to harbour Cyclops, none of which was found to be infected with
Dracunculus, but which were shown experimentally to be capable of sustaining infection.
The study demonstrates the potential role of therapeutic measures in controlling guinea-
worm infection. It is suggested that the satisfactory measure of control that has been
achieved could be increased by elimination of the Cyclops, with a view to total eradication
of the disease from affected communities. Attention is drawn to the relevance of the
findings for the International Drinking Water Supply and Sanitation Decade.

Between December 1971 and June 1974, a series of
controlled clinical field trials was conducted to
determine the efficacy of certain drugs-niridazole,
metronidazole, mebendazole, and tiabendazole-
against the guinea-worm (Dracunculus medinensis)
(1-3). The trials were conducted in a number of
villages north of Ibadan, capital of Oyo State in
western Nigeria. The clinical and epidemiological fea-
tures of the disease among the affected population
were also studied (4).
As part of a longitudinal study to monitor the

changing epidemiological pattern of the disease, we
have continued to visit each of the villages involved at
least twice every year. One visit each year coincided
with the peak period of infection, between November
and December, while the second took place at the
close of the guinea-worm season, in March-April.
This report presents the findings over an 8-year period
since the first visit in the 1971-72 season. There has
been a sharp and sustained fall in the incidence of the
disease in almost all the villages. The reasons for this
dramatic change and the significance of this impor-
tant finding in the control of the disease are discussed.
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Department of Preventive and Social Medicine, University of
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MATERIALS AND METHODS

Study area

The basic characteristics of the study area and its
inhabitants have been described earlier (4). Al-
together there are about 150 settlements in the area,
varying from small farm homesteads consisting of no
more than 4-6 mud houses with as few as 20 persons,
to much larger rural towns of over 5000 inhabitants.
About 65%o of adult males in these communities are
hoe and cutlass farmers. The larger towns, such as
Erunmu on the Ibadan-Iwo road, are supplied with
pipe-borne potable water and usually serve as market
towns where villagers from the outlying villages meet
periodically to transact business. Since the intro-
duction of a pipe-borne water supply, these towns are
no longer areas of guinea-worm transmission and in-
fection. Our attention during this study was focused
exclusively on the villages and hamlets that were
readily accessible, that depended on polluted surface
water, and where the disease was still endemic.
A total of 35 settlements were involved in the study.

A number of the very small settlements were located
on farmland and were merely outposts, used as tem-
porary camps by the farmers during the planting and
harvesting seasons. Furthermore, a number of vil-
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lages shared sources of water for drinking and other
domestic uses. For the purposes of this study, small
farm settlements have been grouped with their parent
village and villages with common sources of water
supply have been grouped together. This regrouping
resulted in 22 village communities, but complete and
accurate demographic and epidemiological data
could be obtained from only 17, the remaining 5 being
virtually inaccessible for most of the time.

Collection of data

At each visit two sets of data were collected,
namely, the population census and the number of
persons who were infected with guinea-worm in the
year of the visit. The latter included those who had re-
covered from infection that year before the visit and
all those with an active infection at the time of the
visit. Enquiries were also made about subjects,
usually extremely few, whose infection had become
manifest late in the previous guinea-worm season
after our last visit. Such cases were included in the
preceding season's tally.
A person was considered to be suffering from

guinea-worm infection if he satisfied certain criteria
(5). Briefly these were: the presence of an adult worm
protruding from a skin ulcer, or recovery and identifi-
cation under the microscope of guinea-worm larvae in
smears made from ulcers, and a reliable history by the
patient, or in the case of minors, a responsible adult,
of the characteristic clinical features of guinea-worm
infection. We also accepted as cases persons in whom
the pre-emergent adult worm could be seen or pal-
pated in the subcutis.
Guinea-worm infection is highly seasonal and of

Table 1. The yearly incidence of guinea-worm infection
treatment was first given in 1971-72

limited duration (4) and there is hardly any carry-over
of cases of infection from one season to the next, thus
making it possible to determine with considerable
accuracy the seasonal incidence of the disease.

Treatment

During the period of the drug trials, between 1971
and 1974, every individual who presented with a skin
ulcer had the ulcer dressed, daily or on alternate days,
with calcium hypochlorite, irrespective of the under-
lying cause of the ulcer. Each patient also received 2
or 3 injections of 0.5 ml of tetanus toxoid, given at
monthly intervals, and, when clinically indicated, aS-
day course of long-acting penicillin. The test drugs
were given as provided for in the trial protocol (1-3).

In subsequent years, when fewer visits were made
to the villages, ulcers were dressed only on the day of
the visit and a full course of treatment of one of the
drugs was given to all those with active guinea-worm
infection for self-administration.

Patients in the villages grouped together in sector 1

(Table 1) were treated with niridazole and metroni-
dazole. Those in sector 2 (Table 2) received meben-
dazole, and those in sector 3 (Table 3) received
tiabendazole and metronidazole.

Monitoring transmission of infection

No attempt was made to monitor the rate of trans-
mission of infection until the 1978-79 season, partly
because we did not have adequate facilities for esti-
mating the population of Cyclops, the intermediate
host, or the proportion of Cyclops infected with
larvae of D. medinensis, and partly because the study
was originally designed to deal with the clinical and

before and after treatment in villages in sector 1, where

1971-72 1972-73 1973-4 1974-75 1975-76 1976-77 1977-78 1978-79

Village Popu- Inci- Popu- Inci- Popu- Inci- Popu- Inci- Popu- Inci- Popu- Inci- Popu- Inci- Popu- Inci-
lation dence lation dence lation dence lation dence lation dence lation dence lation dence lation dence

(%) (%) (%) (%) (%) (%) (%) (%)

Aiyede 185 28.1 197 30.5 221 9.0 266 2.3 312 0.0 363 0.3 386 0.0 418 0.0

Alugbo 70 4.3 70 7.1 75 2.7 80 2.5 76 1.3 88 0.0 80 0.0 95 0.0
Apoku 91 5.5 166 6.6 187 5.9 183 0.0 185 0.0 183 0.0 210 1.0 198 0.0

Igbo 40 12.5 50 18.0 44 2.3 45 0.0 46 0.0 63 0.0 58 0.0 60 0.0

Ikumapayi 1 80 8.1 88 8.0 83 8.4 83 12.0 78 9.0, 108 0.0 130 1.5 155 3.2

Oko 15 26.7 13 23.1 14 0.0 14 0.0 14 0.0 40 0.0 36 0.0 31 0.0

Total 481 15.5 584 15.3 624 6.4 671 2.7 711 1.1 845 0.1 900 0.4 957 0.5

952



TREATMENT OF GUINEA-WORM INFECTION IN WESTERN NIGERIA

Table 2. The yearly incidence of guinea-worm infection before and after treatment in villages in sector 2, where
treatment was first given in 1972-73

1972-73 1973-74 1974-75 1975-76 1976-77 1977-78 1978-79

Village Popu- Inci- Popu- Inci- Popu- Inci- Popu- Inci- Popu- Inci- Popu- Inci- Popu- Inci-
lation dence lation dence lation dence lation dence lation dence lation dence lation dence

(%) 1%) (%) (%) 1%) (%) (%)

Idi-Iroko 42 19.0 54 14.8 79 0.0 60 0.0 104 0.0 101 0.0 98 1.0

Isaleapata 68 35.3 71 14.1 70 2.9 70 2.9 84 0.0 78 1.3 80 0.0
Ogunniya 11 36.4 22 18.2 17 0.0 21 0.0 46 0.0 52 0.0 48 0.0

Total 121 29.8 147 15.0 166 1.2 151 1.3 234 0.0 231 0.4 226 0.4

Table 3. The yearly incidence of guinea-worm infection before and after treatment in villages in sector 3, where
treatment was first given in 1973-74

1973-74 1974-75 1975-76 1976-77 1977-78 1978-79

Village Popu- Inci- Popu- Inci- Popu- Inci- Popu- Inci- Popu- Inci- Popu- Inci-
lation dence lation dence lation dence lation dence lation dence lation dence

(%) (%) (%) (%) (%) 1%)

Dada 48 14.6 45 2.2 44 0.0 59 0.0 56 0.0 62 0.0
Isioye 87 58.6 153 22.2 154 7.1 202 1.5 196 0.5 210 0.0
Ikumapayi 2 112 15.2 114 2.6 115 0.9 101 0.0 128 0.0 121 0.0

Laleye 61 3.3 58 1.7 66 3.0 192 0.5 217 0.0 199 0.0
Obidiran 115 5.2 110 0.0 110 0.0 107 0.0 116 0.0 130 0.0

Okewole 60 16.7 86 7.0 96 11.5 121 0.0 124 0.0 118 0.0
Olobimeji 43 32.6 43 11.6 44 0.0 38 0.0 49 0.0 52 0.0

Opagbade 27 22.2 24 0.0 24 0.0 32 0.0 40 0.0 45 0.0

Total 553 20.3 633 7.9 653 3.8 852 0.5 926 0.1 937 0.0

epidemiological aspects only. However, it soon be-
came apparent that a dramatic change was taking
place in the epidemiological pattern of the disease in
the study area, which could only be explained by a
reduction in the rate of transmission of the disease.
The study was therefore extended to monitor disease
transmission.

In February and March 1980, water samples were
collected from all sources of drinking-water in all the
villages, using wide-mouthed 5-litre plastic containers
with a screw top. To make the samples as represen-
tative as possible of the water normally collected by
the villagers, an inhabitant of each village was
directed to make the collection in the manner and
from the part of the pond that he would normally use
to collect water for his own domestic use. It was
noticed that except when using wells, from which

water was drawn with small individual household
buckets, the villager invariably waded a considerable
distance into the pool before making the collection.
A brief sweeping motion of the container was made to
displace floating leaves and other objects before the
container was dipped into the water at an angle for the
collection.
Water samples were then transferred to the depart-

mental laboratory in Ibadan where they were
examined for Cyclops, as described by Onabamiro
(6). The Cyclops found were narcotized with 700 ml/
litre alcohol and examined for Dracunculus larvae
with a binocular microscope (60 x magnification).
This method was used in preference to the differential
chill-coma temperature method described by
Onabamiro (7), which we were unable to reproduce
satisfactorily.
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RESULTS

Incidence of infection

Tables 1-3 summarize the incidence of dracontiasis
in the 17 village communities from 1971-72 to
1978-79.
Table 1 gives the results for villages first visited in

1971-72, when treatment was first given (sector 1). A
mean incidence of 15.5% in 1971-72 had dropped to
0.1% by 1976-77 and remained at that low level until
the latest survey in 1978-79 (0.50o). The results for
one village in this group, Ikumapayi 1, differ from the
others in that the incidence of infection remained at
about the same level for 4 years after treatment. If
Ikumapayi 1 is excluded from the analysis, the yearly
incidence for the rest of the group fell from 17.0%7o in
1971-72 to 0.0%7o in 1978-79.
Table 2 gives the results for villages where treat-

ment was first given in the 1972-73 season (sector 2).
There was again a rapid drop in incidence from 29.8%o
in 1972-73 to 0.0%0 in 1976-77, with one, presumably
imported, case in each of the following two years.

Table 3 gives the results for the group of villages
where treatment was first given in 1973-74 (sector 3).
A sharp reduction in incidence was recorded, from
20.3%o in 1973-74 to 0.0% in 1978-79.
When the data are pooled for the five years after

treatment the overall incidence for all 3 sectors was:
year 0 (first year of treatment), 19.2%o; year 1, 12.0%1;
year 2, 5.9%; year 3, 2.507o; year 4, 0.4%7o; year 5,
0.1%.
The occasionally large change in estimated popu-

lation in some villages is attributed in part to
migration as well as to a possible underestimation of
population size in the first year of operation when
some villagers were still suspicious of our motives for
visiting them and did not come forward to be
counted. More accurate census and morbidity data
were obtained as confidence and rapport developed
between us and the population in succeeding years.

Cyclops density and infection rate

Altogether, 68 separate sources of water were
sampled, made up of 2 rivers, 5 streams, 7 wells, 16
hand-dug water holes, and 38 ponds; 11 other water
holes and 2 ponds were dry at the time of the visit.
No Cyclops was found in any of the rivers or wells.

Two streams, 6 water holes, and 31 ponds contained
varying quantities of Cyclops, the density varying
from approximately 4 per litre in one stream at
Obidiran to 21 per litre in a pond at Aiyede. None of
the Cyclops recovered was infected with Dracunculus
larvae, and although we did not try to differentiate
the various species of Cyclops, we were able to es-
tablish that a number of them could be experimentally

infected. This we did by introducing live Dracunculus
larvae obtained from a patient with an active infec-
tion into Petri-dishes containing Cyclops recovered
from the water sources, and later examining the
Cyclops for the presence of ingested larvae. Larvae
recovered from some of these Cyclops 3-5 weeks after
infection showed features characteristic of third-stage
infective larvae (8).

DISCUSSION

Measuresfor controlling infection

There are several ways of controlling guinea-worm
infection. One is to destroy the intermediate co-
pepodal host with a chemical agent such as the
organophosphorus compound temephos (9) or by
passing superheated steam into the water (10). The
population of Cyclops could also be reduced by the
introduction of predators such as the Gambusia fish
(11). Such methods give varying degrees of success.

Alternatively, human infection can be prevented
either by providing alternative sources of safe water
for drinking or by treating infected water to remove
or destroy Cyclops (12). Where treated pipe-borne
water is not economically feasible, the provision of
sanitary wells can be effective, provided they do not
dry up in the dry season. Infected water can be ren-
dered safe, with respect to guinea-worm infection, by
either boiling or filtering all water before drinking.
The success of this method depends considerably on
the degree of compliance of the population at risk.
A third method of control is to prevent infected

persons from polluting sources of water meant for
human consumption. This can be achieved by re-
structuring the approach routes to the water sources
so that those drawing water do not have to wade into
them. Considerable success has been achieved in parts
of India where step wells have been redesigned and
converted into draw wells (13). Health education
aimed at ensuring that infected persons do not go to
fetch water from ponds into which they have to wade
would theoretically achieve the same results but is not
easy to enforce.

Water supply in the study area

We were pleasantly surprised to notice the sus-
tained reduction in the incidence of guinea-worm in-
fection in the 17 villages in our study area over the
years, since, apart from treatment given during field
drug trials and intermittently thereafter, no system-
atic or concerted effort was made by us or the villagers
to control infection. Since 1978 the State and Local
Governments have installed water reservoir tanks in
three of the villages, Aiyede, Apoku, and Obidiran.

954



TREATMENT OF GUINEA-WORM INFECTION IN WESTERN NIGERIA

These are filled with water drawn from a treated
municipal water supply and conveyed to the villages
by water tankers. This supply of water is, however,
very sporadic and grossly inadequate and most vil-
lagers have continued to draw water from the tradi-
tional sources -ponds, water holes, etc.

In four villages, Apoku, Laleye, Obidiran, and
Okewole, additional wells have been dug since 1977
but the majority of these dry up during the dry season,
forcing villagers to resort to infected ponds.

Less than 1% of the total population has adopted
personal protection measures by occasionally filter-
ing water before drinking and hardly any could be
bothered to boil drinking-water.
The seasonal rainfall pattern has remained the

same, and in every respect village life has not changed
appreciably in the 8-year period under study. There
was no difference in the rate of fall of the incidence of
guinea-worm in villages where there were some un-
coordinated attempts to improve the water supply
situation and those where nothing was done.
Throughout the study period the villagers have con-

tinued to fetch water in the same manner and from the
same sources (the new wells and water tanks were
introduced too late in the study period to have any
significant effect), which contained a substantial
number of Cyclops capable of sustaining trans-
mission of infection, as shown by our laboratory
experiments. Since none of the Cyclops recovered
from any of these sources of water was found to be
infected with guinea-worm larvae, we are able to con-
clude that there has been a significant reduction in the
pollution of water sources by infected persons. This
we attribute to a drastic reduction in the human reser-
voir of infection, and reduced water contact by active
cases.

The mechanism of control

The precise mechanism by which control was
achieved remains in doubt. It is unlikely that the drugs
used had any direct effect on the ability of the first-
stage D. medinensis larvae to develop normally in
Cyclops (14) or that they were prophylactic since
about 807o of the population was not treated and
diethylcarbamazine, the only drug that has been
claimed to have prophylactic action (15), was not
used.

It seems more probable that both the significant
reduction in the duration of infection, achieved
through chemotherapy (1, 2), and the dressing of
ulcers, which had the effect of discouraging infected
people from wading into and thereby contaminating
the water, resulted in a curtailment of the period and
intensity of water contact, thus reducing significantly
the rate of water pollution by infected persons.

Although we did not specifically monitor or try to

quantify any changes in the behavioural pattern of the
population, it is likely that our frequent visits in-
creased awareness among the villagers of the nature
and mode of transmission of the disease, again pro-
ducing a reduction in water contact by infected
persons.

In Ikumapayi 1, the same level of incidence was re-
corded for four consecutive years after the initial in-
tervention (Table 1). There are two possible reasons
for this. First, records for the drug trials indicate an
unusually high default rate among those receiving
treatment in Ikumapayi 1. Second, the village shares a
common pond with a neighbouring village which is
not readily accessible and where no treatment was
given. It is therefore possible that this common pond
continued to be a source of infection to the people of
Ikumapayi 1, deriving from untreated cases from the
other village. Unfortunately, it was not possible to
confirm the latter supposition because the suspect
pond was dry at the time we were collecting water
samples, in February-March 1980. The pond at
Ikumapayi I itself contained only uninfected
Cyclops. The absence of infection during one season,
1976-77, in Ikumapayi I is not unusual since the
natural history of the disease is characterized by
yearly fluctuations in incidence, and the actual
number of persons infected in Ikumapayi I during the
period from 1971-72 to 1978-79 was rather small,
being successively 6, 7, 7, 10, 7, 0, 2, and 5.
Although we were unable to monitor the infection

rate of the Cyclops in the different water sources
throughout the period of our study, the pattern of
decline in incidence in all but one of the villages con-
forms to what would reasonably be expected with a
sustained reduction in the reservoir of infection and
rate of pollution of water.

"Break-point"

Although treatment (drugs, dressings, etc.) by itself
is unlikely to be effective in controlling the disease,
the findings of this study indicate the possible sup-
plementary role of treatment in interrupting trans-
mission. We seem to have achieved a situation anal-
ogous to that described by MacDonald, with respect
to schistosomiasis, as the "break-point" (16). How-
ever, the persistence of Cyclops in the water sources
of these villages constitutes a risk that transmission of
infection could be re-established if persons with active
infection were to gain access to the water and pollute
it. To prevent this, it would be necessary to eliminate
the intermediate host.
We are unable to compare accurately the incidence

of infection in treated and untreated villages, because
no systematic epidemiological data were collected
from the untreated villages. However, although of
limited reliability, inhabitants of four untreated
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villages estimated that the annual incidence of guinea-
worm infection in the four villages between 1971 and
1980 was 7.8-12%, 11.7-16%, 5.4-11.5%7o, and
15.2-29.6qo, respectively. This suggests that there
have been no spontaneous ecological changes in the
region that could account for the decline in the inci-
dence of infection in the study area. In addition,
samples of water from these four villages contained a
number of infected Cyclops.

Research needs

The results of this study should stimulate further
operational research into the comparative cost-

effectiveness of the various measures available for the
control of dracontiasis along the lines of those already
conducted for other parasitic diseases, such as schisto-
somiasis (17), whose transmission is dependent on
continuing human-water contact.
Guinea-worm is the only disease that can be com-

pletely eliminated by the provision of safe water sup-
plies (18), and its elimination has been proposed as a
visible, measurable, and rapid index of the health
benefit of the activities of the International Drinking
Water Supply and Sanitation Decade, 1981-90 (19,
20). The findings of this survey should be of value to
the international effort to achieve the goals of the
Decade.

RESUME

DIMINUTION DE L'INCIDENCE DE L'INFECTION PAR LA FILAIRE DE MEDINE DANS L'OUEST DU NIGERIA
APRES TRAITEMENT PERIODIQUE DES PERSONNES INFECTEES

Entre 1971 et 1974, une serie d'essais de medicaments a e
effectuee dans 17 collectivites rurales de l'ouest du Nigeria
oui la dracunculose est endemique. Au cours de ces essais et
des annees suivantes, le traitement, sous la forme de chimio-
therapie et/ou de pansement des ulceres, a e administre a
toutes les personnes infectees. Une etude longitudinale de
l'infection dans ces villages a montre une reduction specta-
culaire de l'incidence annuelle sur une periode de plus de
huit ans. La reduction globale de l'incidence dans les trois
secteurs enquetes etait de: 15,5% a 0,5% dans le secteur 1,
29,8%o a 0,4%o dans le secteur 2 et 20,3% a 0,0% dans le sec-
teur 3. Ce changement radical semble du, en partie, au trai-
tement qui a entrainm la reduction du reservoir d'infection et

une diminution du taux de pollution des approvision-
nements en eau. La plupart des sources d'eau ont continue a
heberger des Cyclops, dont aucun n'a et trouve infecte de
Dracunculus, mais il a e montre experimentalement qu'ils
etaient capables de permettre l'infection. Cette etude a
demontre le role possible des mesures therapeutiques dans la
maitrise de l'infection a Dracunculus medinensis. I1 est
suggere que les resultats satisfaisants obtenus dans la lutte
peuvent etre encore ameliores par l'elimination des Cyclops,
en vue de l'eradication totale de la maladie des collectivites
atteintes. L'attention est attiree sur l'interet de ces resultats
pour la Dcennie internationale de l'eau potable et de
l'assainissement.
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