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Abstract. From June until October 1993, a battalion of Dutch marines was stationed in Cambodia for a Uniied 
Nations deployment. In 73 volunteers who used mefloquine as malaria chemoprophylaxis, possible mefloquine-related 
ad\erse events were monitored with special emphasis on QT prolongation. All participants started mefloquine che
moprophylaxis with a loading dose (250 mg a day for three days) one week before departure, followed by a weekly 
dose (250 mg) for approximately 25 weeks. One month before (t - 1) and one (t + 1) and three (t + 3) months 
after mefloquine prophylaxis was started, an at rest electrocardiogram was made. Frequency. PR-, and QT-intervals 
were measured; blood samples for liver transaminases, total white blood cell count, and mefloquine concentration 
were obtained after one and three months. Adverse events such as dizziness, headache, coordination problems, and 
nausea were spontaneously reported in one (1.4*) and three (4.1%) persons at t 4- 1 and t + 3. respectively, while 
specific questioning revealed adverse events in nine (12.3%) and five (6.9%) persons, respectively, at the same time 
point. Three months after starting chemoprophylaxis, the heart rate at rest and total white blood cell count were lower 
(P < 0.05), while the QTc-interval was longer and levels of liver transaminases increased (P < 0.05). although both 
were still within the normal range. There was no extreme prolongation of the QTc-interval or increased levels of 
liver transaminases that resulted in a need to stop the chemoprophylaxis. No accumulation of mefloquine in the serum 
occurred, and no relationship was observed between the incidence of adverse events and serum mefloquine concen
trations. The incidence of self reported mefloquine-related adverse events was low. In conclusion, mefloquine che
moprophylaxis was safe and well-tolerated in this group. 

Mefloquine is an orally administered blood schizontocide 
active against intra-erythrocytic malaria parasites. The exact 
mechanism of action is unknown. It is effective for prophy
laxis and treatment of falciparum malaria.' In healthy vol
unteers, the peak blood concentrations are achieved within 
6-24 (mean 17.6) hr. The terminal elimination half-life 
ranged from 14 to 28 (mean 18.1) days, indicating that me
floquine is distributed extensively in the tissues and is 
cleared slowly from the body.- Mefloquine at a weekly dose 
of 250 mg prevented Plasmodium falciparum infection in 
98.8-100% of nonimmune recipients.-1-4 Clinical experience 
indicates that mefloquine is generally well-tolerated although 
a number of serious neuropsychiatrie adverse events such as 
seizures, affective disorders, and suicidal ideation have been 
reported.s Most adverse events during chemoprophylaxis are 
similar to those observed with other chemoprophylactic an
timalarials such as chloroquine, doxycycline, or sulfadoxi-
ne/pyrimethamine and occur at the same frequency.6 Gen
erally, adverse events with mefloquine are reported in 4 7 -
90%.T decreasing in one study from 44% during the first four 
months to 19% after more than one year of use.8 Determin
ing the true incidence of adverse events during mefloquine 
treatment is difficult because many such events resemble 
symptoms of malaria. Mefloquine-related changes in cardiac 
parameters have been described.1' '° Laothavorn and others 
found no significant changes in PR-, QRS-, or QTc-intervals 
and concluded that mefloquine was unlikely to be associated 
with cardiotoxicity.'° From many parts of Asia and some of 
Africa, infections with multidrug-resistant P. falciparum 
have been reported." In case of (presumed) failure of me
floquine prophylaxis, halofantrine treatment is often pre
scribed. Cardiotoxicity of halofantrine consisting of a pro
longed QT-interval with increased susceptibility to ventric

ular arrhythmias has been reported.111 r ' and premedication 
(chemoprophylaxis) with mefloquine could increase the risk 
of ventricular arrhythmias. Therefore, we studied possible me
floquine-related effects with emphasis on cardiac parameters. 
The study was performed in a battalion of military personnel 
during their deployment (June-October 1993) in Cambodia. 

SUBJECTS AND METHODS 

Study subjects. Seventy-three men of a battalion of 750 
persons (747 men and three women) participated in the 
study. Fifty-five were marines and 18 were naval personnel. 
They were all fit for duly; there were no absolute contrain
dications, such as hypersensitivity to quinine-related com
pounds, a history of psychiatric disorders, convulsions, or 
epilepsy, or women in the first timester of pregnancy, for 
mefloquine chemoprophylaxis One person used cisapride 
and Cimetidine for reflux esophagitis. another used simvas-
tatine and acetosal for hypercholesterolemia. One had hy
pertension and was taking atenolol (50 mg/day); being a 
physician, he was aware that the drug was a relative contra
indication, since the use of a ß-blocker also results in brady
cardia and could also influence cardiac conduction, resulting 
in a synergistic response with mefloquine. One person was 
known to have an immunoglobulin A deficiency and passed 
medical examination for all duties. These four persons were 
naval personnel. We analyzed marines and naval personnel 
separately because the first group had a more rigorous train
ing than the latter, so a difference in heart rale at rest could 
be expected. Informed written consent was given. 

Dosing methods, travel preparat ions, and medical sur
veillance. One week before departure to Cambodia, all took 
mefloquine. 250 mg once a day for three days, as a loading 
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dose.' They look 250 mg a week each Sunday at lunch or 
dinner and [hey stopped chemoprophylaxis four weeks after 
leaving Cambodia. Further preparations included an exten
sive explanation about malaria (and other diseases) and their 
prevention. They were immunized against diphtheria, teta
nus, poliomyelitis, hepatitis A and B, rabies, and Japanese 
encephalitis. Medical service in the field was well-organized 
with a passive surveillance system. 

Adverse events. Spontaneously reported complaints were 
noted one month before (t - 1) and one (t + I) and three 
U * 3) months after the start of mefloquine chemoprophy
laxis. Thereafter, specific questions were asked about the use 
of other medications and adverse events possibly associated 
with mefloquine (headache, dizziness, ataxia, nausea, diar
rhea, rash, sleeping disorders, visual or auditory distur
bances, psychiatric disorders). Compliance was noted after 
querying the subjects. Diarrhea in the period 1-3 weeks after 
arrival in Cambodia was diagnosed as traveler's diarrhea and 
not as a possible adverse event of mefloquine. 

Elect rocardiogram. One month before (t - 1) and one 
(t + 1) and three (t + 3) months after the start of mefloquine 
prophylaxis, a 12-lead at rest electrocardiogram was record
ed at a paper speed of 25 mm/sec paper and a sensitivity of 
10 mm/mV (EK 31; Heilige, Freiburg. Germany). Heart rate 
and PR- and QT-intervals were measured by the first author 
and the QTc was calculated according to Bazett's formula 
QTc = QT/ VR - R sec. 

Hematologic and biochemical parameters versus me
floquine levels. At t + 1 and t + 3, blood samples for es
timation of white blood cell (WBC) counts, aspartate and 
alanine aminotransferase (ASAT and AL.AT) levels, and se
rum mefloquine concentrations were taken. Three groups of 
low (< 400 mg/ml). normal (400-1,000 mg/ml), and high 
(> 1,000 mg/ml) serum concentrations of mefloquine were 
made. White blood cells (normal value = 3.5-9.0 x 10VL) 
were counted with an abacus (depth 0.1 mm. 0.0025 mm-; 
Buerker Tuerk. Lameris. Germany); transaminases (normal 
values < 32 U/L) were measured with a Refiotron® (Boeh-
ringer-Mannheim. Mannheim, Germany) and mefloquine 
concentrations were determined by high-performance liquid 
chromatography1-1 by the laboratory of Clinical Pharmacol
ogy of the Academic Medical Center in Amsterdam. 

Statistical analysis. Confidence intervals for proportions 
and their differences were calculated,15 P values < 0.05 were 
considered significant, and data are presented as the mean ± 
two standard errors. 

Subjects. There was a significant difference between ma
rines and sailors regarding age (respectively, mean 29 9 
years, range 19-49 and mean 36.6 years, range 25-44) and 
heart rate at rest at t - 1 and t + 3. No significant differences 
were seen in QTc- and PR-intervals or ASAT. ALAT and 
WBC levels. None of the subjects reported sick or was off 
duty during the study and malaria was not diagnosed in the 
participants. 

Adverse events. Complaints reported spontaneously were 
registered in 0, one (1 49c), and three (4.1<7r) persons at l -
1, t T 1. and t + 3, respectively. Those at t + 1 and t + 3 
could have been mefloquine-related. Specific questioning re

vealed complaints in two (2.7%), nine (12.3%), and five 
(6.9%) persons at the respective time points. One person was 
advised by the investigators to reduce the dosage to 250 
mg/two weeks because of dizziness and coordination disor
ders; thereafter, he was free of these complaints. Eight other 
participants reported dizziness, diarrhea, and coordination 
disorders during the 1-3-day period following the loading 
dose. 

Elec t rocardiogram. After three months of mefloquine 
prophylaxis, the mean heart rate at rest had decreased from 
63.7 beats/min to 58.9 and the QTc- and PR-intervals were 
longer, QT with < 5% and PR > 5% (Figure 1). There was 
a tendency for an increase in the QTc-interval with higher 
serum levels of mefloquine: however, this change was not 
statistically significant (Figure 2). , 

Labora to ry investigations. The total WBC count was 
lower and liver transaminase levels had increased after three 
months of mefloquine prophylaxis but all values were within 
the normal range (Figure 3). Serum mefloquine concentra
tions were measured in 59 of 73 participants (Figure 3), but 
14 samples were lost due to military operational circum
stances. After three months, no accumulation of mefloquine 
in the serum had occurred. At t + 1, five (8%) participants 
had mefloquine levels lower than 400 ng/ml (mean ± two 
standard errors ^ 314 r 53), 41 (70%) between 400 and 
1,000 ng/ml (648 ± 46). and 13 (22%) higher than 1,000 
ng/ml (1.444 ± 274). At t + 3, these numbers were eight 
(13%) (317 ± 43), 41 (70%) (647 ± 50). and 10 (17%) 
(1,148 ~ 75), respectively. No significant difference was ob
served in serum mefloquine concentrations measured 0-7 
days after intake of the weekly dose (Figure 4). 

The physician who used atenolol had a heart rate of 65, 
40, and 52 beats/min at t - 1, t + 1. and t + 3. respectively; 
his serum mefloquine concentration was 792 ng/ml at t + 1 
and 643 ng/ml at t + 3. The participant using Cimetidine and 
cisapride had serum mefloquine levels of 333 and 573 ng/ml 
at t + 1 and t + 3, while in the one individual who used 
simvastatine, levels were 708 and 384 ng/ml at t + ] and t 
+ 3, respectively. 

DISCUSSION 

In this study among 73 military personnel, prophylactic 
use of 250 mg of mefloquine per week resulted in very low 
numbers of self-reported adverse events and an insignificant 
prolongation of the QTc-interval. 

Lobel and others reported a 50% incidence of adverse 
events in adults decreasing to approximately 20% after pro
longed use of mefloquine for more than one year.7-1 We 
found adverse effects in only 7 -13%, a difference that could 
be explained by the fact that our study subjects were phys
ically well-trained and motivated for their United Nations 
task in Cambodia. 

Whereas Laothavorn and others did not observe changes 
in the QTc-interval.10 in our study, the QTc-interval was lon
ger after one and three months use of mefloquine, and a level 
of significance was reached after three months. Although the 
prolongation was within the normal QTc-interval range, it 
could have consequences in relation to other factors th.it 
might influence cardiac conduction. A recent study showed 
an increased risk for ventricular arrhythmias during halofan-
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FIGURE 1. Cardiac conduction parameters during weekl> mefloquine chemoprophylaxis (250 mg) in 73 persons. Heart rate, QTc-interval. 
and PR-interval are presented at one month before (t - I), and one (t + I) and three months (i + 3). respectively, after chemoprophylaxis 
was started. Values are the mean z. two standard errors. Difference in heart rates between l - 1 and t + 3: 4.8 beats/min (95% confidence 
interval [CI] = 1.99-7.74. P < Q.05); difference in QTc-intervals between t - 1 and l + 3: 0.017 sec (95% CI = 0.0242-0.00976, P < 0.05), 
difference in PR-intervals between t - 1 and t + 3: 0.008 sec (95% CI = O.0152-OOO183, P < 0.05) 

trine treatment for falciparum malaria after treatment failure 
with mefloquine. , : 

During and after deployment of Dutch military personnel 
in Cambodia (June 1992-November 1993). 42 cases of P. 
falciparum infection were diagnosed in persons who used 
mefloquine chemoprophylaxis. In the patients who received 
high-dose halofantrine as treatment, prolongation of the 

QTc-interval up to 459 msec occurred, but no ventricular 
arrhythmias were registered (van Thiel PPAM, unpublished 
data). Despite the loading dose, we saw no accumulation of 
mefloquine in the serum after one and three months. We 
arbitrarily made three groups of low, normal, and high serum 
mefloquine concentrations and found no relationship be
tween mefloquine concentration and QT-time (Figure 2). 

0.45 

0.09 

0.00 

wm —FBIVP- T -

: < 400 mk 
FIGURE 2. Scrum mefloquine concentrations (ng/ml) and QTc-ir 

dose of 250 nig Values are the mean r two standard errors Tin 
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FIGURE 3. White blood cell (WBC) counts, levels of liver aspartate and alanine aminotransferases (ASAT and ALAT). and serum mefloquine 
concentrations in 73 subjects one and three months after starting mefloquine prophylaxis. Values are the mean ± two standard errors. Difference 
in WBC counts between t + 1 and t + 3: 0.63 X 107L (95% confidence interval [CI] = 0.135-1.21. P < 0.05); difference in ASAT levels 
between I + 1 and t - 3: 7.3 U/L (957c CI = 3.64-1 1.0, P < 0.05); difference in ALAT levels between i + I and t + 3: 4.6 U/L (95% CI 
= 1.47-7.85, P < 0.05). No significant difference was observed between the mefloquine concentrations. See Figure 1 for definitions. 

Similar to other investigators,4-10 we did not see a corre
lation between the incidence of possible adverse events and 
serum mefloquine concentrations. After three months, a 
small but significant increase in liver transaminase levels 
was seen, as was reported by Reisinger and others.4 This 
was probably mefloquine-related since no hepatitis was di
agnosed, alcohol was prohibited, and none of the participants 

reported the use of hepatotoxic medication. In our study, 
white blood cell counts decreased after three months, where
as an increase would have been more likely due to infection 
and stress. We observed no differences between marines and 
naval personnel volunteers except for the pulse rate at rest. 

In conclusion, the use of a weekly dose of 250 mg of 
mefloquine as prophylaxis for malaria over a period of five 
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months (June-October 1993) was shown to be safe and vir
tually devoid of subjective and objective adverse events and 
did not interfere with daily military duties. 

Acknowledgment: We lhank T. Eggelte (Department of Clinical 
Pharmacology, Academic Medical Center, University of Amster
dam) for measuring the mefloquine levels. 

Authors' addresses: C. A. J. J. Jaspers, Department of Internal Med
icine, University Hospital Utrecht, Heidelberglaan 100, 3584 CX 
Utrecht, The Netherlands. A. P. C. C. Hopperus Euma and R. A. 
van Hulst, Royal Netherlands Navy, Medical Service, van der 
Burchlaan, 2597 PC. The Hague, Thé Netherlands. P. P. A. M. van 
Thiel and P. A. Kager. Department of Infectious Diseases, Tropical 
Medicine and AIDS. Academic Medical Center, University of Am
sterdam. Meibergdreef 9, 1 105 AZ. Amsterdam. The Netherlands. 

REFERENCES 

1. Boudreau E, Schuster B, Sanchez J, Novakowski W Johnson R. 
Redmond D, Hanson R. Dausel L, 1993. Tolerability of pro
phylactic Lariam regimens. Trop Med Porasito! 44: 257-265. 

2. Karbwang J, White NJ, 1990. Clinical pharmacokinetics of me
floquine. Clin Phamiacokinet 19: 264-279. 

3. Arthur JD, Echeverria R Shanks GD, Karwacki J, Bodhidatta 
L. Brown JE, 1990. A comparative study of gastrointestinal 
infections in United States soldiers recieving doxycycline or 
mefloquine for malaria prophylaxis. Am J Trop Med Hvg 43: 
608-613. 

4. Reisinger EC. Horstmann RD, Dietrich M, 1989. Tolerance of 
mefloquine alone and in combination with sulfadoxine-pyri-
meihamine in the prophylaxis of malaria. Trans R Soc Trop 
Med Hyg 83: 474-477. 

5. Weinke T, Trautmann M. Held T. 1991. Neuropsychiatrie side 
effects after the use of mefloquine. Arn J Trop Med Hvg 45: 
86-91. 

6. Steffen R, Fuchs E, Schildknecht J. Naef U. Funk M, Schla-
genhauf P. Phillips-Howard P. Nevill C, Sturchler D, 1993. 
Mefloquine compared with other malaria chemoprophylactic 
regimens in tourists visiting East Africa. Lancet 341: 1299-
1303. 

7. Lobel HO, Bernard KW, Williams SL, Hightower AW, Patchen 
LC. Campbell CC, 1991. Effectiveness and tolerance of long-
term malaria prophylaxis with mefloquine. JAMA 265: 361-
364. 

8. Lobel HO, Miani M, Eng T, Bernard KW. Hightower AW. 
Campbell CC, 1993. Long-term malaria prophylaxis with 
weekly mefloquine. Lancet 341: 848-851. 

9. Ekue JMK, Ulrich AM, Rwaowogo-Atenyi J, Sheth UK. 1983. 
A double-blind comparative clinical trial of mefloquine and 
chloroquinc in symptomatic falciparum malaria. Bull World 
Health Organ 61: 713-718. 

10. Laothavorn R Karbwang J, Na Bangchang K. Bunnag D, Har-
isunata T. 1992. Effect of mefloquine on electrocardiographic 
changes in uncomplicated falciparum malaria patients. South
east Asian J Trop Med Public Health 23: 51-54. 

11. Nosten F, ter Kuile FO, Luxemburger C. Woodrow C, Kyle DE, 
Chongsuphajaisiddhi T, White NJ, 1993. Cardiac effects of 
antimalarial treatment with halofantrine. Lancet 341: 1054-
1056. 

12. Jackman WM, Clark M, Friday KJ, Aliot EM, Anderson J. Laz-
zara R, 1984. Ventricular tachyarrhythmias in the long QT 
syndromes. Med Clin North Am 68: 1079-1102. 

13. Palmer KJ, Holliday SM. Brogden RN, 1993. Mefloquine. A 
review of its antimalarial activity, pharmacokinetic, properties 
and therapeutic efficacy. Drugs 45: 430-475. 

14. Bergvist Y. Hellgren U. Churchill F. 1988 High-performance 
liquid chromatographic assay for the simultaneous monitoring 
of mefloquine and its acids and acid-metabolite in biological 
samples using protein precipitations and ion per extraction. J 
Chromatogr 432: 253-263. 

15. Gardner MJ, Altman DG, 1989. Statistics with Confidence. Lon
don: British Medical Journal. 

73 




