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Plasmodium falciparum in Haiti: susceptibility to
pyrimethamine and sulfadoxine-pyrimethamine

PHUC NGUYEN-DINH,' ARTURO ZEVALLOS-IPENZA,2 & Roc MAGLOIRE3

Eighteen patients with Plasmodium falciparum infection were studied in Port-au-
Prince, Haiti, to monitor the response of the malaria parasite to sulfadoxine-pyrimeth-
amine. In all infections the parasitaemia was cleared rapidly following treatment with a
standard dose of the drug combination; no recrudescence was observed during follow-up
periods of) week (4 patients) and 4 weeks (14 patients). Parallel in vitro tests indicated that
5 of the 16 isolates successfully tested were resistant to pyrimethamine alone.

Sulfadoxine-pyrimethamine is an antimalarial
drug combination of special importance in the treat-
ment of chloroquine-resistant strains of Plasmodium
falciparum. While such strains have not yet been
demonstrated in Haiti, it would be of obvious value to
obtain baseline information on the susceptibility of
local strains of P.falciparum to sulfadoxine-pyri-
methamine. The need for such information is in-
creased by recent findings of strains of P.falciparum
in Haiti that were resistant to pyrimethamine in vitro
(1). The present paper reports results obtained in
November-December 1982 in Port-au-Prince during
studies on the efficacy of sulfadoxine-pyrimethamine
in vivo, together with concomitant in vitro studies
using pyrimethamine alone.

PATIENTS AND METHODS

Patients

Patients were selected among individuals who
presented at the outpatient clinic of the Service
National des Endemies Majeures (SNEM) in Port-
au-Prince, with symptoms suggestive of malaria. The
criteria for inclusion in the study group were
(a) infection with P.falciparum only, as diagnosed
on Giemsa-stained thick and thin blood smears;
(b) parasite counts higher than 500 asexual parasites
per Al of blood (or more than 25 asexual parasites per
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300 leukocytes, assuming an average leukocyte count
of 6000 per y1 of blood); (c) no critical illness; and
(d) no history of antimalarial drug intake during the
previous 2 weeks, as well as negative urine tests for
4-aminoquinolines (using the technique of Dill &
Glazko (2)) and sulfonamides (using a modified
version of the Bratton-Marshall reaction (3)). The
procedures of the study were explained in detail to
each prospective subject and/or to the guardians of
children less than 15 years old, and those who agreed
to participate were included in the study group.
Patients who declined to participate were given the
standard chloroquine treatment provided by the
SNEM.

In vivo tests

The WHO field tests described previously for
chloroquine (4) were adapted for use with the sulfa-
doxine-pyrimethamine combination. After collec-
tion of a blood sample for the in vitro test, each
patient was treated with up to 3 tablets,a each contain-
ing 500 mg of sulfadoxine and 25 mg of pyrimeth-
amine: a single dose of 3 tablets was given to patients
more than 14 years old, 2 tablets to patients aged 9-14
years, 1 tablet to patients 4-8 years old, and j tablet to
patients 1-3 years old. Absorption of the drug was
confirmed by demonstrating the presence of sulfon-
amides in urine samples collected on the day after
treatment (day 1) or the following day (day 2). In add-
ition, the same urine samples were tested for the pres-
ence of 4-aminoquinolines, to exclude any unreported
concomitant intake of chloroquine. As far as poss-
ible, blood smears were obtained from each patient

a Manufactured by Hoffmann-La Roche, Basel, Switzerland.
Use of trade names and commercial sources is for information only,
and does not constitute endorsement by the Public Health Service
or the US Department of Health and Human Services.
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and examined for asexual parasites, daily for 7 days Thin smears were taken from the initial blood sample
and then weekly for a further 21 days, giving a total and from each culture well at the end of the incu-
observation period of 4 weeks. bation period, and parasite counts per 10 000 erythro-

cytes were obtained. The in vitro susceptibility of the

In-vitro tests isolate to pyrimethamine was assessed by comparing
the inhibition of parasite multiplication produced by

A 48-hour in vitro test was used, as described pre- the various concentrations of pyrimethamine.
viously (5). Before drug administration, a parasitized
blood sample was collected from the patient (by either

RESULTS
venepuncture or fingerprick) and a 0.2-ml aliquot
diluted in 4.8 ml of complete culture medium (RPMI
1640 medium supplemented with 30 mmol/litre The study group comprised 18 patients, all of
Hepes buffer, 40 mg/litre gentamycin sulfate, and whom were followed up for at least 7 days (Table 1).
100 ml/litre AB + nonimmune human serum). The There were 7 males and 11 females, with ages ranging
resulting 2% erythrocyte suspension was distributed from 1+ to 32 years (mean, 15 years; median, 13
in 16-mm flat-bottomed wells containing various years), and initial parasite counts ranging from 900 to
concentrations of pyrimethamine (0, 0.003, 0.01, 45 240 asexual parasites per Al of blood (geometric
0.03, 0.1 and 0.3 jtmol/litre of medium). The plates mean, 8330). All were residents of Port-au-Prince or
were then incubated in a candle-jar for 48 h at 37 'C. its environs.

Table 1. Susceptibility of P. falciparum to sulfadoxine-pyrimethamine in vivo and pyrimethamine alone in vitro,
Port-au-Prince, Haiti

Susceptibility Asexual parasite count per il of blood on day:'of isolate to
Patient Age pyrimethamine
no. (years) Sexa in vitrob 0 1 2 3 4 5 6 7 14d 21 e 28f

132 1 1 F S 17 420 13 680 20 0 0 0 ND 0 ND 0 ND

133 22 M S 13 560 19 160 0 0 0 0 0 0 0 0 0

134 14 F S 19 880 480 0 0 0 0 0 0 0 0 0

135 19 M S 14 560 0 0 0 0 0 0 0 0 0 0

136 3 F R 12 640 28 980 20 0 0 0 0 0 0 0 0

137 10 F 900 20 0 0 0 0 0 ND 0 0 0

138 7 M R 45240 40 0 0 0 0 0 0 0 0 0

139 13 F 1 280 0 0 0 0 0 0 0 0 ND ND

140 12 F S 7 500 140 0 0 0 0 0 0 0 0 0

142 28 F R 8 740 120 0 0 0 0 0 0 ND 0 0

143 6 F R 9 280 440 0 0 0 ND 0 0 0 0 0

144 20 F S 7 240 1 320 0 0 0 0 0 0 0 0 0

146 9 M S 5 360 2 500 0 0 0 0 0 0 0 0 0

148 32 M R 4 300 1 060 0 0 ND 0 ND ND 0 0 0

149 13 F S 3660 2000 0 0 0 0 0 0 ND ND 0

151 5 F S 19 560 220 0 ND 0 ND 0 0 ND ND ND

153 28 M S 9 5008 2 000 0 0 0 0 0 0 0 0 0

154 30 M S 12 000 1 180 0 0 0 0 0 0 ND ND ND

a F = female; M = male.
b R = resistant; S = sensitive; = test failed.
ND = not done.

d Isolate 143 tested on day 12.
' Isolate 132 tested on day 18, isolate 144 on day 22.
f Isolate 148 tested on day 27, isolates 144 and 146 on day 29, isolates 143 and 149 on day 30, and isolate 133 on day 33.
R Count made on thin smear, assuming 5 x 106 erythrocytes per pl of blood.
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In vivo tests

Asexual parasitaemia was cleared by day 2 in 16
patients, and by day 3 in the 2 remaining patients. The
mean parasite clearance time was 2 days. No recur-
rence in parasitaemia was detected during the subse-
quent follow-up period. The full 4-week follow-up
period was completed satisfactorily by 14 patients;
the remaining 4 patients (no. 132, 139, 151, and 154)
were followed up satisfactorily for at least 7 days after
treatment. Two patients (no. 134 and 137), who re-
ported having vomited approximately 4 hours after
taking the drug, produced urine samples on day 1 that
were positive for sulfonamides and were therefore
kept in the study group.

In vitro tests

In 16 of the 18 in vitro tests, there was sufficient
parasite multiplication in the control wells to permit
interpretation of the test results. Eleven isolates were
found to be sensitive to pyrimethamine, with com-
plete inhibition of parasite multiplication in wells con-
taining 0.03 or more gmol of pyrimethamine per litre
of medium. The remaining 5 isolates were resistant to
the drug, with no inhibition found even in the wells
with the highest concentration of pyrimethamine
(0.3 1tmol/litre).

DISCUSSION AND CONCLUSIONS

Of the 16 isolates successfully tested in vitro against
pyrimethamine, 5 were resistant to the drug. These
findings are in accordance with those obtained during
earlier investigations in 1981 in Les Cayes, on the
southern peninsula of Haiti, where 5 out of 11 isolates
successfully tested in vitro were found to be pyri-
methamine-resistant (P. Nguyen-Dinh et al., un-
published data). These combined results, together
with those of previous studies (S) demonstrating a
high degree of correlation between in vivo and in vitro
tests of pyrimethamine resistance, speak against the
use of pyrimethamine alone for prevention or treat-
ment of malaria in Haiti.

This relatively high prevalence of pyrimethamine
resistance in Haiti may be related to the mass drug
administration programmes carried out between 1965
and 1971 using chloroquine and pyrimethamine (R.
Magloire, unpublished data). Kouznetsov et al.b have
demonstrated in field studies in Bagamoyo, United
Republic of Tanzania, that pyrimethamine resistance
can persist for up to 10 years after removal of the drug
pressure.
No evidence of resistance to sulfadoxine-pyrimeth-

amine was detected in vivo. In 14 patients, a 4-week
follow-up period demonstrated the sensitivity of the
infections to the drug combination. In the 4 remain-
ing patients, who were lost to follow-up after the first
week, the possibility of an RI-type, delayed recrudes-
cence cannot be excluded. In all patients, the parasite
reponse to sulfadoxine-pyrimethamine was rapid.
The mean parasite clearance time of 2 days was not
markedly different from that obtained with standard
doses of chloroquine in parallel studies in Port-au-
Prince (6); similar findings were made by Olatunde et
al. (7) in Ibadan, Nigeria. These findings indicate
the potential value of sulfadoxine-pyrimethamine
against P.falciparum infections in Haiti; however,
the drug combination should be kept in reserve for
use only in the case of emergence of chloroquine
resistance.
The 5 patients infected with parasites shown to be

pyrimethamine-resistant in vitro had infections that
were sensitive in vivo to sulfadoxine-pyrimethamine.
This confirms earlier observations in human volun-
teers (8) and in field studies in Kisumu, Kenya (5),
suggesting that strains of P.falciparum resistant to
pyrimethamine alone are not necessarilv resistant
to the sulfadoxine-pyrimethamine combination.
Whether the existence of such pyrimethamine-
resistant strains in a given area may predispose to a
more rapid appearance of resistance to sulfadoxine-
pyrimethamine following introduction of this drug
combination remains to be determined.

b KOUZNETSOV, R. L. ET AL. Spread of pyrimethamine-
resistant strains of Plasmodium falciparum into new areas ofnorth-
east Tanzania in the absence ofdrug pressure, Geneva, World Health
Organization, 1980 (Unpublished document, WHO/MAL/80.926).
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RtSUMt

PLASMODIUMFALCIPARUM EN HAITI:
SENSIBILITE A LA PYRIMETHAMINE ET A L'ASSOCIATION SULFADOXINE/PYRIMETHAMINE

La sensibilit6 in vivo de Plasmodium falciparum a des
doses standards de sulfadoxine/pyrim6thamine a ete etudi6e
sur 18 cas a Port-au-Prince (Haiti) en novembre et d6cembre
1982. On a observe dans tous les cas une reponse rapide au
traitement, avec un temps moyen d'e1imination du parasite
de 2 jours. Aucune recrudescence n'a ete observ&e pendant
la periode de suivi (une semaine pour 4 des patients, 4
semaines pour les 14 autres). La sensibilite a la pyrimetha-
mine seule des isolements de parasites effectues sur les

18 patients a e eprouv6e in vitro. Sur les 16 isolements
que l'on a pu examiner, 5 se sont reveles resistants et 11
sensibles. Les resultats obtenus montrent que I'association
sulfadoxine/pyrimethamine reste active contre les souches
de P.falciparum resistantes a la pyrim6thamine. II serait
souhaitable qu'une association medicamenteuse aussi
efficace ne soit pas employ&e inconsid6rement mais plutot
gard&e en reserve en cas d'apparition d'une resistance a la
chloroquine.
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