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Sulfalene with pyrimethamine and chloroquine
with pyrimethamine in single-dose treatment
of Plasmodium falciparum infections
A trial in a rural population in northern Nigeria *

J. STOREY,1 A. ROSSI-ESPAGNET,2 S. P. H. MANDEL,2 T. MATSUSHIMA,' P. LIETAERT,'
D. THOMAS,1 S. BR0GGER,1 C. DUBY,2 & G. GRAMICCIA2

A comparative trial was carried out in northern Nigeria of the ability of the drug
combinations chloroquine-pyrimethamine and sulfalene-pyrimethamine to clear the
peripheral blood stream ofasexualforms of P. falciparum within 7 days. The reappearance
of asexual P. falciparum forms within the 70-day follow-up period and the occurrence of
vomiting during the 2-3 hours following administration of the drugs were also recorded.
The purpose of the trial was to choose the more suitable of the two drug combinations
for repeated mass administration in the intervention phase ofa collaborative field research
project in the epidemiology and control of malaria in the African savannah. No differences
were observed between the two drug combinations from a parasitological point of view.
However, the sulfalene-pyrimethamine combination was found easier to administer and
occasioned fewer records of vomiting. It was therefore recommendedfor use in the project.

Despite the outstanding value of chloroquine as
an antimalarial drug, its bitter taste and tendency
to induce vomiting are considered to reduce its accept-
ability to populations subjected to repeated doses.
Among alternative drugs, sulfalene appeared the
most promising in terms of antiparasitic effectiveness
and ease of administration (1-3).
The trial described in this paper was performed

in preparation for a mass drug administration pro-
gramme in the intervention phase of a collaborative
field research project in the epidemiology and con-
trol of malaria in the African savannah, based in
Kano, Nigeria, carried out by the World Health
Organization and the Government of Nigeria. The
objective of the trial was to compare the drug com-
binations chloroquine-pyrimethamine and sulfalene-
pyrimethamine, in single doses, from the point of
view of: (1) their effectiveness in clearing the peri-
pheral blood of asexual forms of Plasmodium falci-

* From the WHO Malaria Field Research Project, Kano,
Nigeria," and the World Health Organization, Geneva,
Switzerland.' Requests for reprints should be addressed to:
Division of Malaria and other Parasitic Diseases, World
Health Organization, 1211 Geneva 27, Switzerland.

parum; (2) the rate of reappearance of these forms
within a 70-day period; (3) the incidence of vomit-
ing immediately following administration.

It was realized that a fraction of the recoveries
might be spontaneous. In the absence of a control
group receiving no treatment this factor could not
be measured; however, it was assumed to be small
and similar in both treatment groups. The trial was
not expected to provide information on the duration
of protection given by the treatment against re-
infection with Plasmodium falciparum. Reinfections
were minimized by carrying out the trial in 1971 at
the peak of the dry season, from February to April,
when malaria transmission is thought to be negli-
gible. There was no reason to believe that trans-
mission, if it occurred, would affect the two treatment
groups differently.

If sulfalene proved effective, it was not intended
to recommend if for extensive and prolonged use in
Africa instead of chloroquine, but only to use it in
limited areas, for relatively short periods and under
medical supervision, for research purposes that de-
mand temporary elimination of malaria from the
study population.
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MATERIALS AND METHODS

Study area and population
The study population consisted of the entire resi-

dent population of the villages of Masheme, Kaya,
and Gana in the Garki district of Kano State, north-
ern Nigeria. The three villages are inhabited by
Hausa farmers living in the compact parts of the
villages and by a minority (20-25 Y.) of Fulani farm-
ers and herdsmen living in scattered compounds.
The study was concerned with the compact parts of
the villages and therefore with the Hausa population
only.
The area is in the heart of the Nigerian Sudan

savannah and has a long dry season lasting from
October to May. At the time of the study the para-
site rates for the age groups <4 years, 5-9 years
and >10 years were 77.3%, 87.3%, and 40.1%
respectively.

There was no routine use of antimalarial drugs in
adjacent areas throughout the period of the study.
None of those resident in the trial villages who
reported sick to the Garki dispensary (the nearest
one of two in the district) during the trial required
antimalarials. The amount of self-medication with
antimalarials could not be estimated but is consid-
ered to have been nil.
Adult mosquito densities assessed periodically at

Kaya and Masheme were found to be very low dur-
ing the trial period. A total of 32 man-nights of
night bite collections yielded 1 Anopheles funestus,
while 109 pyrethrum spray collections in individual
huts yielded 1 A. gambiae and 5 A. funestus; no col-
lection, covering 8-12 huts on a given day, yielded
more than 1 anopheline mosquito.

Selection of subjects for treatment

After reconnaissance of the villages, including
compound mapping and numbering and a census,
the compounds were divided into natural clusters on
the maps, taking into account those known to be
empty. Each cluster was then randomly allocated to
treatment A (chloroquine-pyrimethamine) or B (sul-
falene-pyrimethamine), but due to an unforeseen
shortage of drug B, one of the clusters was reallo-
cated to drug A. This allocation by cluster rather
than by compound or by person was chosen in order
to simplify administration of the drugs.

Drug administration and follow-up observations
Treatment group A was treated with starch-coated

tablets each containing 150 mg base of chloroquine

and 15 mg of pyrimethamine, or with syrup, one
teaspoonful of which was equivalent to 75 mg of
chloroquine and 7.5 mg of pyrimethamine. Treat-
ment group B received uncoated tablets containing
500 mg of sulfalene and 25 mg of pyrimethamine,
or a syrupy suspension, each drop of which con-
tained 10 mg of sulfalene and 0.5 mg of pyrimetha-
mine. The dosages employed for each age group are
shown in Table 1.
The difference in the pyrimethamine dose in the

two treatments was attributable to the preparations
available. As the dose was lower in treatment B than
in treatment A, it was assumed that if the results
were at least equally good with treatment B, these
could not be ascribed to the effect of the different
dose of pyrimethamine.
The single dose of the drugs used for each age

group was selected arbitrarily, taking into account
the effect of immunity, which was expected to grow
with age. In treatment group A, it varied from ap-
proximately 15 mg base of chloroquine and 1.5 mg
of pyrimethamine per kg of body weight in infants
to 7.5 mg and 0.75 mg respectively per kg in adults.
In group B, it varied from 17 mg of sulfalene and
0.9 mg of pyrimethamine per kg in infants to 8.3 mg
and 0.4 mg respectively per kg in adults.
Four teams carried out the treatment, each team

being continuously supervised; two teams admin-
istered drug A and two teams drug B.
Each team visited the compounds allocated to it

in turn and took a thick blood film from every
individual present before administering the drug.
Tablets were swallowed with water and ingestion
was checked. Young children and infants were given
a spoonful of water before and after the syrup was
administered. The presence or absence of vomiting
in the 2 or 3 hours following treatment was noted.
Persons who vomited were not given an additional
dose.

Individuals found positive for asexual forms of
P. fakciparum, with or without other species or forms,
were followed up parasitologically after treatment.
The initial screening and treatment took place on
15 and 16 February 1971 (day 0); 8 follow-up sur-
veys were carried out on days 3, 5, 7, 14, 28, 42, 57,
and 70 after treatment.

Blood examination

Giemsa stained thick blood films were examined
for 200 oil immersion fields, each field containing
12-18 leucocytes, using x 7 oculars and x 100 objec-
tives. The microscopist had no knowledge of the
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Table 1. Dosages used for each age group in treatment groups A and B

Treatment group A Treatment group B

Estimated dose Estimated dose
(mg base) (mg base)

Age group and formulation chloro- pyri- Age group formulation sulfa- pyrh
quine metha- lene amiethmineamn

< 1 year 1 teaspoonful 75 7.5 < 6 months 9 drops syrup 90 4.5

6-11 months 15dropssyrup 150 7.5

1-3 years 2 teaspoonfuls 150 15.0 1 -4 years 22 drops syrup 220 11.0
syrup

4-9 years 2 tablets 300 30.0 5-9 years % tablet 250 12.5

> 10 years 3 tablets 450 45.0 > 10 years 1 tablet 500 25.0

treatment group from which the film had been taken.
The parasite species present were recorded as well

as the presence of P. falciparum gametocytes.
For the purpose of the trial the positive parasite

density index (PDI) of a group of people is defined
as the proportion of positive fields among the
fields examined (200) in individuals positive for
P. falciparum asexual forms or gametocytes.

Sample size
The statistical adequacy of the size of the sample

used in the trial was assessed using the tables of
Chilton & Fertig (4). According to these tables, with
a sample size of 200 initially positive individuals in
each treatment group (a figure compatible with
operational feasibility in the field) it would be pos-
sible to detect as significant at the 1 % level differ-
ences in the residual parasite rates after treatment
or in reappearance rates in the two groups of the
order of 15-25 percentage points.

RESULTS

The number of subjects treated and followed up

To obtain the required number of positive indi-
viduals eligible to be followed up, 663 persons were

screened for treatment A and 389 for treatment B.
In this way 352 cases in group A and 225 cases in
group B positive for asexual forms of P. falciparum
were detected, treated, and then followed up for
70 days. From the point of view of age composition,
the two groups were similar. For treatment A, the

proportions of subjects in the age groups <1 year,
1-4 years, 5-9 years, and >10 years were 4.8%,
22.7%, 25.9 %, and 46.6% respectively; the cor-
responding proportions for treatment B were 4.9%,
15.6%, 25.8%, and 53.3% (X2=4.80, 3 degrees of
freedom, P >0.10 for the difference between the age
distributions). The age of one subject in group B
was not stated. The distribution of parasite infec-
tions by type, as Table 2 shows, was also comparable
(x2= 6.63, 4 degrees of freedom, P>0.10 for the dif-

Table 2. Frequency distribution of subjects eligible for
follow-up by type of infection

Type of Treatment A Treatment B
infection a

No. of cases % No. of cases %

F 210 59.7 156 69.3

FG 41 11.6 21 9.3

FM 61 17.3 33 14.7

FO 6 1.7 3 1.3

FGM 26 7.4 10 4.4

FGO 1 0.3 0 0

FMO 3 0.9 2 0.9

FGMO 4 1.1 0 0

totals 352 100 225 100

a F = asexual forms of P. falciparum; G = P. falciparum gameto-
cytes; M = P. malariae, all stages; 0 = P. ovale, all stages.

277



J. STOREY ET AL.

ference between species-specific parasite infection
rates).

After treatment had been given, the rate of absen-
teeism at subsequent visits for blood collection
increased gradually from about 10% to 22% in
treatment A and from about 17% to 25% in treat-
ment B. It was higher in treatment B than in treat-
ment A at each of the follow-up surveys, especially
among children aged under 10 years. While the in-
crease in absenteeism as the trial progressed was to
be expected, we have no explanation for the con-
sistently higher rate in group B. However, only
11 people in group A and 12 in group B missed all
8 surveys through continued absence.

Clearance of the peripheral blood
This was considered to have been achieved when

a person was first found to be negative for asexual
P. falciparum forms at or before day 7 after treat-
ment, i.e., in the surveys on days 3, 5, or 7.
Of the 352 subjects given treatment A, 11 could

not be tested because they were absent on days 3, 5

Table 3. Intermediate and overall clearance rates for each
treatment

Day aftertreatment
No. of subjects Overall

3 5 7

Treatment A

eligible 352 a 53 b 24 b 352

not examined 37 22 11 11

examined 315 31 13 341 c

positive 16 2 1 1

negative 299 29 12 340

% negative 94.9 93.5 92.3 99.7
(clearance rate)

Treatment B

eligible 225 a 48 b 18b 225

not examined 39 18 12 12

examined 186 30 6 213 c

positive 9 0 0 0

negative 177 30 6 213

% negative 95.2 100.0 100.0 100.0
(clearance rate

a Positive for P. falciparum asexual forms at initial survey.
b Still positive for P. falciparum asexual forms or not examined

since treatment.
c Examined at least once on or before day 7.

and 7, 1 remained positive, and 340, or 99.7 % (over-
all clearance rate), were negative on or before day 7.
Of the 225 subjects given treatment B, 12 could not
be tested because of absence and 213, or 100%,
were negative on or before day 7 (Table 3). By day 3,
94.9% of subjects in group A and 95.2% in group B
were already negative.

Persons absent at the first one or two surveys,
but then examined and found negative, were con-
sidered as cleared from the day of examination, even
though they might have been negative earlier. Thus
the numbers of negatives recorded on days 5 and 7
may have been somewhat inflated by absences on
days 3 and 5. Five persons in group A who had
become negative by day 3, of whom 4 were still
negative at day 5 (1 was absent), were found to be
positive again at day 7. Thereafter they were negative.

In 2 subjects in group B whose blood had cleared
before day 7, parasites reappeared on day 7. They
were not subsequently found to be positive.
The results in Table 3 show no statistically signifi-

cant difference in clearance rate or time between
treatments A and B.

Reappearance of infection
The rates of first reappearance of infection from

day 14 onward in people who had become negative
before that day were not substantially different in
the two treatment groups (Table 4). The largest
proportion of relapses was detected in the survey
at day 70 after treatment. The reappearance rates
were similar in all age groups.

Table 4. Number of relapsing cases and reappearance
rates by day of first reappearance of asexual forms of
P. falciparum after day 7

Day of first relapse
No. of subjects Totals

14 28 42 57 70

Treatment A
examined a 294 273 262 256 254 -

relapsing 4 5 1 4 13 27

relapse rate (%) 1.4 1.8 0.4 1.6 5.1 -

Treatment B
examined a 175 171 160 155 163 -

relapsing 1 1 1 1 10 14

relapse rate (%) 0.6 0.6 0.6 0.6 6.1 -

a Only people at risk, i.e., those negative at or before day 7 and
whose infection had not yet reappeared.
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Table 5. Parasite density indices (PDI) of cases positive for asexual forms of P. falciparum by age, day of examina-
tion, and treatment

0-4 years 5-9 years > 10 years Total

Dayndt No. of ostv No. Of ~ oiie No.t%ooitv No. of ~ Pstvtreatment positive PoPDsitivpositive PIP 0p% Positive posiv % p
cases positive PI cases positive PI cases positive PI cases positive PDI

0 A 97 100.00 a 36.17 91 1 00.00 a 24.38 164 100.00 a 8.08 352 100.00 a 19.55
B 46 100.00 a 37.67 58 100.00 a 30.28 120 100.00 a 8.72 225 b 100.00 a 19.56

3 A 6 6.59 0.64 4 4.71 1.50 6 4.32 1.00 16 5.08 0.97
B 2 4.88 0.50 3 6.52 0.67 3 3.06 0.67 9 b 4.84 0.61

5 A 1 1.09 0.50 2 2.41 7.25 2 1.46 1.25 5 1.60 3.50
B 0 - - 1 2.00 0.50 2 1.96 0.75 3 1.53 0.67

7 A 1 1.11 0.50 2 2.44 18.00 3 2.10 0.50 6 1.90 6.33
B 0 - - 0 - - 2 2.11 1.00 2 1.13 1.00

14 A 2 2.27 18.75 2 2.44 11.75 1 0.78 0.50 5 1.67 12.30
B 0 - - 0 - - 1 1.03 1.00 1 0.56 1.00

28 A 5 5.95 30.10 2 2.60 10.75 0 - - 7 2.48 24.57
B 1 2.94 0.50 0 - - 0 - - 1 0.57 0.50

42 A 4 4.71 13.38 2 2.63 26.50 0 - - 6 2.18 17.75
B 0 - - 1 2.38 0.50 0 - - 1 0.61 0.50

57 A 6 7.59 17.67 1 1.30 12.50 0 - - 7 2.58 16.93
B 0 - - 1 2.56 7.50 0 - - 1 0.63 7.50

70 A 6 7.32 29.17 8 10.81 7.19 5 4.27 0.70 19 6.96 12.42
B 0 - - 2 5.00 14.00 8 8.70 2.06 10 5.92 4.45

a Only cases positive for P. falciparum asexual forms were eligible for follow-up surveys.
b Includes one subject whose age was not stated.

Parasite density
The parasite density indices (PDI) of persons

found positive for P. falciparum asexual forms are
given in Table 5 by age group, day of examination,
and treatment. Although asexual P.falciparum preva-
lence rates and densities were similar in both group A
and group B on the day of treatment, in subsequent
examinations they appeared to be lower in group B
than in A. These differences occurred consistently
in all follow-up surveys. However, the number of
positive cases on which the densities are based was
small.

P. falciparum gametocytes

Various authors (5-8) have noted an increase in
the P. falciparum gametocyte rate above the initial
level after a single administration of chloroquine or
chloroquine with pyrimethamine. Table 6 shows the
proportion of P. falciparum cases positive for game-
tocytes and their density indices by age, day of
observation, and treatment.
The data indicate that there is a tendency for the

P. falciparum gametocyte rates and densities to
increase in the first few days after both treatments,
especially at days 3, 5, and 7 and in subjects aged
under 10 years. This trend is more evident for the
rates than for the densities. However, neither treat-
ment was more effective than the other in removing
P. falciparum gametocytes from the peripheral blood.

Incidence of vomiting and ease of administration

A total of 18 persons (3.0%Y.) out of 607 for whom
information was obtained in group A and 7 (2.2%)
out of 324 in group B reported vomiting within
2-3 hours of treatment. Taking only individuals aged
below 10 years, the proportions were 7.6% (16 per-
sons out of 211) for treatment A, and 4.5% (5 out
of 111) for treatment B; the difference is not sig-
nificant (x2= 1.13 with 1 degree of freedom).
The ease with which treatment B was administered

in the field, as the maximum dose is one tablet and
the number of drops required for the younger age
groups is small, gives it a definite advantage over
treatment A.

S
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DISCUSSION

The trial was carried out at a time (end of the
dry season) when malaria transmission, while it
could not be ruled out, could only have been at
a very low level. If transmission occurred there is
no reason to believe that it differentially affected
the two treatment groups and therefore influenced
their comparability.
There was no significant difference between the

treatments in the proportion of subjects followed up
whose asexual P. falciparum parasitaemia was cleared
within 7 days of drug administration, or in the rapid-
ity of clearance.

P. falciparum asexual forms reappeared in the
blood of a few subjects after day 7, especially
towards the end of the 70-day observation period,
but there was no difference in this respect between
treatments or age groups.
One individual in group A remained positive

throughout the study; at the time of treatment this
person had severe diarrhoea, which might have inter-
fered with the absorption of the drug.
The proportion of people vomiting within 2-3

hours after treatment was similar for treatments A
and B.

After treatment a moderate increase of P. falci-
parum gametocyte rates and densities was observed
at days 3, 5, and sometimes 7 after treatment, espe-
cially in the youngest age groups. This phenomenon
was common to both treatment groups; neither drug
combination was more effective than the other in
removing the gametocytes from the peripheral blood.

CONCLUSIONS

The comparative trial showed that in the single
doses used the sulfalene-pyrimethamine combina-
tion was at least as effective as chloroquine and
pyrimethamine in clearing the peripheral blood of
asexual forms of P. falciparum forms and keeping
it clear for some time.
The indication was that sulfalene-pyrimethamine

was more easily administered than chloroquine-pyri-
methamine, and occasioned less vomiting (though
the difference was not significant) in the younger age
groups. It was therefore recommended for further
use in the project.

ACKNOWLEDGEMENTS

The authors wish to acknowledge the kind cooperation of the District Head of Garki District, and the technical
assistance of Malam Hussaini Yacim and Malam Barau Mohammed.

RJtSUMlt

LE SULFALiNE ASSOCIIA A LA PYRIMETHAMINE ET LA CHLOROQUINE
ASSOCItE A LA PYRIMtTHAMINE POUR LE TRAITEMENT A DOSE UNIQUE

DES INFECTIONS A PLASMODIUM FALCIPARUM: ESSAI DANS UNE POPULATION RURALE
DU NIGERIA SEPTENTRIONAL

Un essai comparatif de l'efficacite d'une dose unique
(chez l'adulte) de 450 mg de chloroquine base associee a
45 mg de pyrimethamine base (traitement A) et de 500 mg
de sulfalene base associe 'a 25 mg de pyrimethamine
(traitement B) a eu lieu dans une population exposee au
paludisme holo-end6mique dans une region de savane du
district de Garki (Etat de Kano, Nigeria). On a admi-
nistr6 des doses proportionnellement plus fortes aux
sujets appartenant aux groupes d'age inferieurs pour
tenir compte de l'influence de l'immunit6 consider6e
comme se renfor9ant avec l'age.
Chacun des 577 participants a l'essai, atteints de palu-

disme avere a Plasmodium falciparum lors de l'adminis-
tration de la dose unique de l'une ou l'autre association,

a fait l'objet d'examens parasitologiques aux 3e, 5e, 7e,
14e, 28e, 42e, 57e et 70e jours. On a aussi note la sur-
venue de vomissements dans les 2 a 3 heures suivant la
prise des medicaments. L'essai, qui a debut6 en fevrier
1971 et a pris fin en avril, s'est deroul6 pendant une pe-
riode oiu la transmission du paludisme etait pratique-
ment nulle.
Au 3e jour, 94,9% des sujets ayant requ le traitement A

et 95,2% de ceux trait6s suivant le sch6ma B 6taient d6jA
parasitologiquement negatifs. Au 70e jour, le taux de
rechute s'est eleve a 5,1 % apres le traitement A et a 6,1 %
apres le traitement B. Des vomissements ont W observes
chez 3,0% des sujets apres le traitement A et chez 2,2%
apres le traitement B.
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On conclut de cet essai que l'association sulfalene-
pyrimethamine se montre aussi efficace que I'association
chloroquine-pyrimethamine, tant sur le plan de F'activite
antiparasitaire que sur celui de la frequence des rechutes.
Ce traitement a en outre I'avantage d'une administration

plus facile et d'une tendance moindre it provoquer des
vomissements. Il a ete retenu pour etre applique au cours
d'un projet oiu il importait de maintenir la transmission
du paludisme a un niveau minimal pendant 2 ans en
recourant, entre autres, i la chimiotherapie de masse.
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