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The in vivo and in vitro response of Plasmodium falciparum to a single oral dose of mefloquine (25 mg/kg
body weight (M25) or 15 mg/kg (M15)) was studied in children under 5 years of age in Malawi. Of the
children who received mefloquine, 35% vomited at least once, and 10% did not tolerate the drug because of
vomiting. The therapy failure rates for the M25 group on day 7, 14, and 28 were 15%, 18%, and 42%,
respectively, and these did not differ significantly from those for the M15 group (4%, 18%, and 59%). In
contrast, 34 in vitro microtests (17 per group) showed schizont inhibition at .32 pmol mefloquine per test
well. On day 7, the concentration of mefloquine in samples of blood was significantly lower in both the M25
and M15 groups for children who were parasitaemic on day 7 than in samples from those who were
aparasitaemic. A positive blood smear on day 7 was strongly associated with a mefloquine concentration
of <500 ng/ml blood on day 2 or day 7 (P <0.0003). Vomiting was associated with a low mefloquine
concentration on day 2 but not day 7. These results suggest that mefloquine is effective against P.
falciparum in Malawi but that for young children the therapy appears to be complicated by frequent
vomiting.

Introduction
Based on its widespread availability, low cost, and
efficacy in reducing parasite density and clearing
fever, chloroquine (25 mg/kg body weight) is the
recommended national primary therapy for uncom-
plicated malaria in children under 5 years of age in
Malawi (1). Although this strategy remains useful, the
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high prevalence of chloroquine-resistant Plasmodium
falciparum infections (recrudence index (RI): 57% for
children under 5 years in 1984) suggests that alter-
native therapeutic regimens should be evaluated
because of the potential deteriorating clinical res-
ponse to chloroquine. In 1986 and 1987, both
amodiaquine (25 mg/kg body weight) and Fansidar®
(25 mg sulfadoxine/kg body weight) were reported to
be highly effective drugs in Malawi, with parasite
clearance rates of 97% and 100%, respectively, on
day 7 (2).

Mefloquine, a quinolinemethanol derivative that
is structurally related to quinine, is effective for
treating adults with chloroquine-resistant P. fal-
ciparum malaria in many areas of the world, includ-
ing Brazil, China, Myanmar (Burma), Thailand, and
Zambia (3-10). Cure rates have generally exceeded
90%. The drug was well tolerated and cured P. fal-
ciparum infections in more than 95% of Myanmar
and Thai children aged 5-12 years who were given
dosages of 18-30 mg/kg body weight (11, 12).

There is a paucity of information about the
tolerance towards and the clinical and parasitological
efficacy of mefloquine for children under 5 years of
age, the group at highest risk for malaria-related
morbidity and mortality. We therefore conducted a
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trial of mefloquine therapy among children aged
under 5 years in Malawi to obtain information on
its efficacy as an alternative drug for treating P.
falciparum infections and to correlate with
parasitological outcome the concentration of the
drug in samples of blood.

Methods
Patient selection
Mangochi township, where the study was conducted
from 3 March to 16 April 1988, is located near the
southern end of Lake Malawi along the Shire river,
an area with perennial malaria transmission, which
peaks between March and May, at the end of the
rainy season. At the outpatient clinic of the district
hospital in Mangochi, 293 children under 5 years of
age were screened for malaria parasitaemia. A history
of illness was obtained from the parent or guardian
and a finger-prick thick blood smear was treated with
Giemsa stain and examined for malaria parasites.
Children aged 3 months to 5 years with a pure P.
falciparum infection, an asexual parasite count of
> 1000 per pu blood, no evidence of severe disease
(seizures, coma, or inability to take oral medication),
and for whom parental consent was obtained were
enrolled in the study. The parasite density (number of
parasites per p1 of blood) was estimated at x 700
magnification by counting either 500 parasites or
1000 leukocytes, assuming a standard white blood
cell count of 6000 per p1 of whole blood. Infected
children who were not selected for the study were
treated according to the standard Malawi Ministry of
Health guidelines.

In vivo tests

On the day of enrolment (DO), the following data
were recorded for each child in the study: history of
fever and antimalarial drug use over the previous 2
weeks, parent's or guardian's assessment of the child's
current activity level, and the child's weight and
axillary temperature. A finger-prick blood sample
was taken from each child to determine the
haematocrit level and to prepare Giemsa-stained
thick and thin blood smears.

Children received either 25 mg base per kg body
weight (M25) or 15 mg/kg (M15) of mefloquine
hydrochloride (LariamV).' The drug was adminis-
tered orally as a single dose on DO under supervision.
Children were observed for at least 30 minutes, and
received a second dose if vomiting occurred. Those
unable to tolerate the second dose were given alter-

' Hoffmann-La Roche, Basis, Switzerland.

native antimalarial therapy and omitted from the
study.

Children were re-examined on D2, D7, D14,
D21, and D28. At each visit, guardians were asked
about any side-effects the children had experienced
(vomiting or diarrhoea) and about their intercurrent
history of fever or antimalarial drug use and activity
level. Finger-prick blood samples were obtained for
thick and thin malaria smears and to determine the
mefloquine concentration. Children who were
positive for parasites on or after D7 were treated with
an alternative antimalarial drug.

In vitro tests
A subset of children from both treatment groups
(with parasite densities of 1000-80 000 asexual
parasities per p1 blood) was randomly selected for the
standard WHO in vitro microtest. Finger-prick blood
samples were collected in 100-pI heparinized capillary
tubes and diluted in 0.9 ml RPMI 1640 liquid
medium enriched with lyophilized L-glutamine.
Aliquots (50 p1) of blood-medium mixture were
pipetted into the wells of microtitration plates that
were precharged with various amounts of mefloquine
(final concentrations of 0, 2, 4, 8, 16, 32, 64, or 128
pmol per well), quinine (final concentrations of 0, 4, 8,
16, 32, 64, 128, or 256 pmol per well), or chloroquine
(final concentrations of 0, 1, 2, 4, 8, 16, 32, or 64 pmol
per well). After candle-jar incubation at 37.5 + 0.5 °C
for 25 hours, thick blood smears prepared from the
contents of each well were treated with Giemsa stain,
and the number of schizonts per 200 asexual
parasites was determined. A test was considered
successful if at least 10% of the parasites in the
control well had matured to schizonts.

Concentration of mefloqulne In blood
A subset of children in each treatment group was
selected 4 hours after mefloquine ingestion. There-
after, children who remained in the study were
sampled on D2, D7, D21, and D28. Finger-prick
samples of 200-400 p1 of blood were collected in
plastic heparinized tubes and stored at 2-8 'C. The
mefloquine concentration in whole blood specimens
was determined using gas chromato-
graphy (13).

StatIstkal analysis
Differences in proportions were analysed using x2
and Fisher's exact tests, while means were compared
using Student's t-test.
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Table 1: Characteristics of the children at enrolment In
the two mefloqulne treatment groups

Treatment group"

Characteristic M25 M15

Number 56 65

Mean age (months) 13 (10.0)b 13 (11.9)

% male 54 48

GMPD (asexual parasites/ul)c 16478 24 660

Axillary temperature (% >37.5 °C) 39 60

Haematocrit (%) 26 (7.3) 27 (6.7)

' M25=25 mg mefloquine base per kg body weight; M15=15 mg
mefloquine base per kg body weight.
Figures in parentheses are standard deviations.
GMPD=geometic mean parasite density.

Results
Of the 293 children who were screened, 245 (84%)
were infected with P. falciparum; 121 met the enrol-
ment criteria and were entered in the study-56 in
the M25 group and 65 in the M15. The mean ages,
sex distributions, and mean haematocrit levels of
the children in the two groups were comparable
(Table 1). The geometric mean asexual parasite den-
sity was significantly higher (P =0.04) for the M15
group (24 660 parasites per pl blood) than for the
M25 group (16 478 parasites per pl). Seven children
in the M25 and five in the M15 group did not
tolerate mefloquine (see below) and were excluded
from further study, leaving 49 and 60 children, re-
spectively, in the M25 and M15 groups. Forty chil-
dren in each group were followed for 28 days or until
they became parasitaemic and were given alternative
treatment; 29 left the study area or refused a follow-
up examination.

In vivo tests
Parasitologkil response. The results are summarized
in Table 2. A parasitological failure was defined as a
blood smear that was positive for P. falciparum
asexual parasites on or after D7. In the M25 group
the rates of parasitological failure on day 7, 14, and
28 were 15%, 18%, and 42%, respectively, while in
the M15 group the corresponding rates were 4%,
18%, and 59%. The proportion of children who were
parasitaemic on D7, D14, or D28 did not differ
significantly between the two groups. Also, in either
group the enrolment characteristics (age, weight,
geometric mean parasite density, mean axillary tem-
perature, haematocrit level, and incidence of vomit-
ing) of children who were parasitaemic on D7 or D14

Table 2: Parasitological status of children In the two
mefloqulne treatment groups after therapy

Treatment group'

M25 M15

No. No. No. No.
Day tested parasitaemic tested parasitaemic

0 49 49 (100)b 60 60 (100)

7 41 6 (15) 45 2 (4)

14 34 6(18) 38 6(18)

21 27 8 (30) 32 19 (41)
28 19 8 (42) 17 10 (59)

A M25=25 mg mefloquine base per kg body weight; M15= 15 mg
mefloquine base per kg body weight.
b Figures in parentheses are percentages.

did not differ significantly from those of children who
were aparasitaemic on these days.

Clinical response. The proportion of children who
became afebrile after treatment was similar in both
groups. In the M25 group, 22 (45%) of the 49
children treated were febrile at enrolment, and this
decreased to 15% of 41 on D7 and 3% of 38 on D14.
In the M15 group, 39 (65%) of the 60 children treated
were febrile at enrolment; this decreased to 2% of 46
on D7 and 8% of 39 on D14. Four of seven children
who were febrile on D7 were parasitaemic.

A lower activity level than normal was reported
on DO by the guardians of 92% of the children in the
M25 group and by 98% of those in the M15 group.
By D7 of the study, however, a reduced activity level
was noted for only 15% and 7% of the children in
the M25 and M15 groups, respectively.

Side-effects. Vomiting was a frequent side-effect. In
the M25 group, 16 (29%) children vomited within 30
minutes of ingesting the initial dose, and 7 (13%)
were unable to tolerate a second dose. In the M15
group, 26 (40%) children vomited after the first dose,
and 5 (8%) were unable to tolerate a second dose.
There was no significant difference in the incidence of
vomiting between the groups (P= 0.17). Of the
children who received mefloquine, 42 (35%) vomited
at least once within 30 minutes of ingesting the drug.

Concentration of metloquine In blood. The concentra-
tion of mefloquine in 333 samples of whole blood was
determined; the range for each treatment group dif-
fering considerably (Table 3).
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Table 3: Concentration of mefloqulne In samples of
whole blood after therapy, for parasitasmic (+) and
aparasltasmic (-) children In the two treatment groups

Mefloquine
concentration (ng/ml)

Day n Mean Range P

M25 group

7 +6 247 42-453 (176)'
-30 718 92-1554 (380) 0.006

14 +8 264 53-504 (163)
-25 408 134-794 (180) 0.05

21 +12 187 73-388 (91)
-17 326 83-520 (130) 0.004

28 +7 184 97-245 (53)
-12 312 54-497 (124) 0.02

M15 group

7 +2 128 26-229 (144)
-38 670 159-1716 (348) 0.04

14 +6 226 50-373 (153)
-30 367 134-970 (196) N.S.

21 +15 221 27-443 (120)
-16 310 158-545 (112) 0.04

28 +10 254 129-498 (121)
-7 188 101-416 (112) N.S.

' Figures in parentheses are standard deviations
b N.S. = not significant.

The mean concentration on D2 and D7 was
significantly lower for children in the M25 group who
were parasitaemic on D7 than for those who were
aparasitaemic (Table 3): on D2, the mean concentra-
tion was 426 + 315 ng/ml and 1420+ 565 ng/ml, res-
pectively (P= 0.0003), and on D7, 247 + 176 ng/ml
and 718 + 380 ng/ml, respectively (P = 0.006). For the
M15 group, the mean mefloquine concentrations on D2
for children who were parasitaemic but aparasitaemic
on D7 were not significantly different (344+ 20 ng/ml
and 1043 + 501 ng/ml, respectively (P =0.06)); how-
ever, the difference was significant (P= 0.04) on D7
(128+144 ng/ml and 670+348 ng/ml). Significant
differences in the mean blood concentrations of
mefloquine for parasitaemic and aparasitaemic chil-
.dren were also observed on D14, D21, and D28 for
the M25 group but not for the M15 group on D14
and D28.

For children who were aparasitaemic on D7,
there was a trend towards a higher mean mefloquine
concentration on D2 and D7 among those aged <2
years in both treatment groups, but the differences
were not statistically significant.

Recent studies of Thai adults have suggested
that mefioquine prophylaxis failures occur when the

drug concentration in blood falls below 500 ng/mil
(N. White, personal communication, 1988). In the
present study, a mean mefloquine concentration in
blood of <500 ng/ml on D2 and D7 was strongly
associated with parasitaemia on D7 (Table 4).
Among 13 children who exhibited mefloquine con-
centrations <500 ng/ml on D2, 6 (46%) were
parasitaemic on D7; in contrast, only 2 (3%) of 58
children with mefloquine concentrations > 500 ng/ml
on D2 were parasitaemic (P <0.0003) on D7. Of
29 children who had blood levels of mefloquine
< 500 ng/ml on D7,8 (28%) were parasitaemic on D7,
but all 47 children with levels > 500 ng/ml were
aparasitaemic (P< 0.0003). Mefloquine concentra-
tions on D14, D21, or D28 could not be used reliably
to predict parasitological status.

A low concentration (< 500 ng/ml) of mefloquine
on D2 was associated with vomiting after receiving
the drug. Of the 13 children with low mefloquine
levels on D2, 54% had vomited, in contrast with only
20% of 60 children with a mefloquine concentration
on D2 of > 500 ng/ml (P= 0.02). A low concentration
on D7 was not associated with vomiting; this side-
effect was observed among 38% of 29 children with a
mefloquine level < 500 ng/ml, but also among 19% of
47 children with mefloquine levels > 500 ng/ml
(P> 0.05). Of the children who did not vomit, 6 (11%)
had a low concentration of mefloquine on D2 and 18
(32%) on D7.

In vitro tests
Of the 30 in vitro microtests for chloroquine, 14
(47%) isolates did not show schizont inhibition at a
chloroquine concentration of 8 pmol per well
(1.6 pmol/l blood), a level consistent with in vitro
resistance. All 32 microtests for quinine (16 in each
treatment group), showed schizont inhibition at 128
pmol per well, a level consistent with a sensitive
response. Finally, of the 61 microtests for mefloquine,
34 (56%) were successful, 17 in each treatment group.
Schizont inhibition occurred in all tests at mefloquine
concentrations of < 32 pmol per well (6.4 pnifol/l
blood). The mean concentration of mefloquine re-
quired to produce 50% inhibition of schizont matur-
ation (EC5o) in blood samples was 0.409 pmol/l;
corresponding values for quinine and chloro-
quine were 0.346 imol/l and 0.221 umolA blood,
respectively.

Discussion
In the study, 8 (9%) P. falciparum-infected children
remained parasitaemic 7 days after being treated with
mefloquine, and an additional 12 (17%) exhibited
parasitaemia 14 days after therapy. However, clinical
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Table 4: Correlation between parasitological status and the mean concentration of mefloqulne In samples of whole
blood from the study children

Day 7 Day 14
Mean mefloquine
concentration No. tested No. parasitaemic No. tested No. parasitaemic

(ng/mI)

Day 2 <500 13 6 (46)' 7 3 (43)
500 58 2 (3) 52 8 (15)

P <0.0003 P >0.05

Day 7 <500 29 8 (28) 21 6 (29)
>500 47 0 (0) 43 5 (12)

P <0.0003 P >0.05

' Figures in parentheses are percentages.

improvement (lysis of fever and return to normal
activity) was observed in >90% of treated children.
The results of the in vitro tests demonstrated that P.
falciparum was sensitive to mefloquine, including
parasites from children who were parasitaemic on
follow-up. The concentration of mefloquine in blood
samples taken from parasitaemic children on follow-
up was significantly lower than that in samples from
aparasitaemic children. Our results should therefore
not be interpreted as evidence for in vivo or in vitro
resistance of P. falciparum to mefloquine; however,
they do suggest that mefloquine therapy for children
aged 3 months to 5 years may be complicated by
erratic drug absorption and frequent vomiting.

The overall parasitological success rate on D7
was 78/86 (91%). This is lower than that reported in
previous studies of children in Myanmar (86/89
(97%)) and Thailand (82/82 (100%)), but this may
have arisen because the children in these studies were
older (5-12 years) than those in the present investiga-
tion and may also have had greater acquired immun-
ity to P. falciparum (11, 12).

Although in vitro resistance to mefloquine has
been reported in Nigeria and the Philippines (14, 15),
we found no evidence of such resistance in this study.
After treatment, the children continued to live in an
area that was hyperendemic for malaria, and it was
therefore not possible to determine whether the
recurrent parasitaemia after D7 was caused by rein-
fection or recrudescence. The increasing frequency of
infection on D14, D21, and D28 may reflect the high
transmission rate of P. falciparum in the study area.

Mefloquine was not well tolerated by the chil-
dren in the study. Vomiting was a frequent side-effect;
and more than a third of the children who received
the drug vomited at least once, while 12 (10%) of
121 children did not tolerate a second dose and
required alternative therapy. Of 80 Myanmar chil-
dren aged 5-12 years, 19 (24%) vomited after receiv-

ing mefloquine dosages of either 20 mg/kg or 30 mg/
kg, but there were no reports of any being unable to
tolerate the therapy (11). Also, of 84 Thai children
aged 5-12 years who received mefloquine (18-29 mg/
kg) only 3 (4%) vomited. A low incidence of vomiting
was recorded for Rwandan children aged less than 5
years who received chloroquine (25 mg/kg): only 4%
of 270 treatment events (19). Thus, compared with
older children who received mefloquine or with chil-
dren of the same age who received chloroquine, the
Malawian children aged less than 5 years tolerated
mefloquine poorly.

In addition to vomiting, erratic drug absorption
may have contributed to the large variation in
the blood concentration of mefloquine in the study
children. Although vomiting was associated with a
decreased blood concentration of the drug on D2, no
such associated was found on D7 (32% of children
who did not vomit had a low concentration on D7).
Both aparasitaemic and parasitaemic children in the
M25 group had a higher mean mefloquine concentra-
tion on D2, D7, and D14 than those in the M15
group; however, the differences were not statistically
significant, and parasitological outcome was similar
for both groups. A wide range in the blood concen-
tration of mefloquine after therapy has been noted
previously for adults (16-18). The combination of
erratic drug absorption and frequent vomiting may
result in a lower mefloquine concentration and
decreased efficacy of the drug in children under 5
years of age.

The study provides information that correlates
mefloquine concentration with parasitological out-
come for a large group of children. All treatment
failures on D7 had a mefloquine concentration in
blood of <500ng/ml on D7, which suggests that
therapy with the drug may be more likely to fail in
children under 5 years of age if the D7 concentration
falls below this value. In addition, a concentration of
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< 500 ng/ml on D2 was associated with failure to clear
parasites on D7. Children with a mefloquine concen-
tration in blood of <500 ng/ml on D7 and who
remained aparasitaemic may have been infected with
more sensitive parasites or have achieved a higher
peak mefloquine concentration after therapy than did
children who were parasitaemic on D7.

These results suggest that for children under 5
years of age in Malawi, a single dose of mefloquine
may not be optimal because of a high incidence of
vomiting combined with unpredictable drug absorp-
tion. The correlation between mefloquine concentra-
tion and parasitological status in this relatively non-
immune population may prove useful in devising
alternative therapeutic regimens that achieve the
target blood concentrations of the drug. Clearly,
additional studies are needed to characterize
the pharmacokinetics of mefloquine in very young
children.
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R6sum6
Traltement du paludisme A Plasmodlum
falciparum par la m6floquine chez les enfants
de molns de 5 ans au Malawi: efficacit6 In
vivo et In vitro et corrAlatlon entre la concen-
tration de mhdicament et les donn6es
parasitologlques
Au Malawi, la forte prevalence des infestations a
Plasmodium falciparum chloroquino-resistant
oblige a envisager des antipaludeens de rem-
placement. Nous avons en consequence etudie la
reponse in vivo et in vitro de P. falciparum a une
dose orale unique de mefloquine (25 mg/kg de
poids corporel (M25) ou 15 mg/kg (M15)) chez des
enfants de moins de 5 ans. Parmi les enfants ayant
recu la mefloquine, 35% ont vomi au moins une
fois et 10% n'ont pas supporte le medicament en
raison des vomissements. Les taux d'echec th6ra-
peutique pour le groupe M25 etaient de 15% le
jour 7, 18% le jour 14 et 42% le jour 28; ils ne
diff6raient pas sensiblement des taux correspon-
dants pour le groupe M15 (4%, 18% et 59%). En
revanche, sur les microtests in vitro, on a observe
dans 34 cas (17 par groupe) une inhibition des
schizontes 'a 32 pmol de mefloquine par godet.

Le jour 7, la concentration de mefloquine dans le
sang etait sensiblement plus faible chez les
enfants des deux groupes traites qui presentaient
encore une parasitemie le jour 7 que chez ceux qui
etaient indemnes de parasitemie. Un frottis positif
le jour 7 etait fortement associe a une concentra-
tion de m6floquine de <500 ng/ml de sang le jour 2
ou le jour 7 (P< 0,0003). Les vomissements etaient
associes a une concentration de mefloquine faible
le jour 2 mais non le jour 7. D'apr6s ces resultats,
la mefloquine serait efficace contre P. falciparum
au Malawi, mais chez les jeunes enfants ce
traitement semble se compliquer de vomissements
frequents.
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