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Three Dutch marine battalions (n = 2289) serving in Western Cambodia during 1992-1993 used 
mefloquine as weekly malaria chemoprophylaxis. One battalion started with a loading dose. Full 
compliance with prophylaxis was reported by 86.3%, and possible mefloquine-related adverse events 
were reported by 30.2%. Sixty-four periods of malaria were diagnosed in 59 marines. During deploy
ment, 31 Plasmodium falciparum and no Plasmodium vivax infections occurred. After return, there 
were 11 cases of falciparum malaria and 22 of vivax malaria, 16-72 days and 30-540 days, 
respectively, after stopping prophylaxis. Mefioquine-resistant parasites were isolated from 4 Dutch 
and 4 Khmer patients. Long-term mefloquine prophylaxis was well tolerated but not totally effective. 

Dutch marines served as part of the United Nations Transi

tional Authority in Cambodia. Because of reports of multidrug-

resistant falciparum malaria on the Thai-Cambodian border [I], 

special emphasis was given to malaria prevention and treat

ment. The options for prophylactic drugs were weekly meflo

quine or daily doxycycline [2]. We chose mefloquine because 

we expected better compliance and fewer side effects. During 

deployment, information on a mefloquine loading-dose regi

men became available [3], which was introduced in the last 

battalion. We report our experience with long-term mefloquine 

prophylaxis regarding compliance, adverse events, and effec

tiveness. 

Materials and Methods 

Study population. Three Dutch marine battalions served in 
Western Cambodia from June 1992 to November 1993, each suc-
cessivelv for ~~6 months. All were instructed regarding health 
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risks and use of personal protection measures such as protective 
clothing, insect repellent (diethyltoluamide 50%), and per-
methrine-impregnated bed nets. After repatriation, the marines had 
medical examinations. 

Location. All campsites were located in Western Cambodia: 
one in dense forest (Sok San), with a high level of malaria transmis
sion, and others on the fringes of forests and in rice-growing areas, 
with low malaria transmission. 

Medical support. On-site medical care included company aid 
posts and a field hospital. All consultations, diagnoses, and treatments 
were entered into a data base. Medical personnel received training 
in tropical diseases, including microscopic diagnosis of malaria (thick 
and thin Giemsa-stained blood smears). During the deployment of 
battalion 1, blood from Dutch and Khmer patients in Sok San was 
sent to the Armed Forces Research Institute of Medical Sciences 
(AFRIMS) in Bangkok for isolation of parasites and in vitro meflo
quine sensitivity testing [4]. At the medical screening of battalion 1 
a few days after repatriation, thick blood smears were obtained and 
sent to AFRIMS for examination. After return, malaria was diagnosed 
by examination of thick and thin blood smears in sick bays and at 
the Academic Medical Center. Amsterdam. 

Chemoprophylaxis. All marines used weekly mefloquine (250 
mg). Battalions 1 and 2 started chemoprophylaxis 2 weeks before 
departure, and battalion 3 took 1 tablet daily for 3 days (loading 
dose) starting 1 week before departure. All were instructed to 
continue mefloquine untii 4 weeks after repatriation. No postexpo
sure primaquine was given as "terminal prophylaxis." 

Mefloquine serum levels. Upon repatriation, blood was col
lected and stored as serum at —20°C. Concentrations of mefloquine 
and its carboxyl acid metabolite were determined by high-perfor
mance liquid chromatography [5] at the Centers for Disease Con
trol and Prevention Sera of 57 mannes who served in Sok San in 
battalion 1 were tested: There were 2? falciparum malaria cases 
and 34 uninfected marines. Samples were collected 1 day before 
the next scheduled mefloquine dose. 

Prophylaxis failure Prophylaxis failure (probably due to re
duced sensitivin to mefloquine) was defined as P falciparum 
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parasitemia in a patient with a mefloquine concentration >600 ng/ 
ITIL and a metabolite-to-mefloquinc ratio S*2, suggesting compli
ance (unpublished observation). Levels >600 ng'mL showed 95% 
prophylactic effectiveness in a study in Africa [6], but a level of 
<600 ng'mL may not necessarily point to poor compliance [3]. 

Postdeployment questionnaire. At the medical screening, par
ticipants were asked to complete an anonymous questionnaire with 
a section on compliance and adverse events related to mefloquine 
use. Compliance after return was checked by questionnaire in a 
sample of battalions 2 and 3, ~-3 months after repatriation. 

Statistical analysis- Univariate analysis was applied using the 
X2 test, x' trend test, and Fisher's exact test. Multivariate logistic 
regression was used to determine independent risk factors and to 
adjust for possible confounding. P ^ .05 was considered signifi
cant, and all significance tests were two-sided 

Results 

Population. The study population consisted of 2289 per

sons (2283 men): 760, 752, and 777 for battalions 1, 2, and 3, 

respectively. They spent 11,848 person-months in Cambodia 

and — 1600 person-months in Sok San. The mean age was 28.1 

years (SD, 7.4; range. 17-52). The mean length of stay was 

5.1 months (SD, 1.1; range, 0.5-9.4). Two thousand fifteen 

(88.0%) completed the questionnaire; response rates per battal

ion were 718 (94.5%), 543 (72.2%), and 754 (97.0%), respec

tively. A company in battalion 2 (n = 130) could not receive 

the questionnaire. 

Compliance. According to the questionnaire, 86.3% of par

ticipants fully complied with weekly mefloquine, 8.5% skipped 

once or twice during deployment, and 5.2% skipped three or 

more times. Reasons for noncompliance were as follows: forgot 

(19.8%), considered unnecessary (21.4%) or harmful (28.6%), 

adverse events (24.6%), and other (5.6%). 

In a sample {n = 243) of battalion 2, 71.6% stated they had 

continued chemoprophylaxis for 4 weeks; 82.8% of 642 per

sons in battalion 3 reported full compliance. In sera of the 57 

marines from Sok San, the mean mefloquine (trough) level was 

691 ng/mL (range, 165-1686), and the mean metabolite level 

3048 ng/mL (range, 1302-5298). 

Adverse events. Possible mefioquine-related adverse 

events were spontaneously reported by 609 persons (30.2%) 

having 820 complaints (range, 1 -4/person; table 1 ). Headache, 

concentration disorders, irritability, dizziness, and visual com

plaints were significant!)' more reported in older groups, but 

younger groups experienced more weakness and diarrhea. In 

battalion 3 (loading dose), headache, dizziness, weakness, in

somnia, and nausea were less frequently reported. For multivar

iate analysis predicting adverse events, we dichotomized battal

ions 1 and 2 to "nonloading dose" and battalion 3 to "loading 

dose ." Age category was modeled as a continuous variable. 

Univariate risk factors also appeared to be independent risk 

factors 

Of the 2289 persons, 7 (0.3%) consulted the medical se= \ ice 

because of serious problems attributed to chemoprophylaxis: 

seizures (2), myoclonus ( 1 ), skin rash (2), and severe dizziness 

(2). No psychiatric disorders were attributed to mefloquine. 

One patient with a seizure had a history of epilepsy. He had 

been declared cured, had been free of epileptic events for years, 

and was not receiving medication. He had a generalized sei

zure-like event 11 weeks after the start of prophylaxis. He 

changed to do.xycycline but continued to have seizure-like 

events. The other patient had no personal history of epilepsy, 

but it was in his family history. He experienced a generalized 

seizure 6 weeks after the start of prophylaxis. After his medica

tion was changed to doxycycline, no further events occurred. 

The person who experienced serious myoclonus when falling 

asleep and the 2 with skin rashes (both after 2 weeks of meflo

quine) were free of complaints after their medications were 

changed to doxycycline. Both persons with dizziness were in 

the loading-dose group; 1 developed symptoms after the first 

dose, the other after 10 weeks. One stopped chemoprophylaxis, 

and the other changed to mefloquine every 2 weeks. Symptoms 

disappeared in both. 

Malaria. A total of 64 cases of malaria (42 P. falciparum, 

22 P. vivax) was diagnosed in 59 (2.6%) marines. The attack 

rate was highest in battalion 1 (4.9%, 37/760) compared with 

2.7% (20/752) and 0.9% (7/777) in battalions 2 and 3 (* : = 

22.33, df= 2, P < .0001), respectively. Thirty-one falciparum 

infections (73.8%) occurred in Cambodia, 11 (26.2%) after 

repatriation. All vivax infections manifested after return, sug

gesting high compliance with chemoprophylaxis while in Cam

bodia. Of 260 persons assigned to Sok San, 43 had malaria 

(16.6%), 6.4/1000 person-weeks) compared with 21 of 2029 

stationed elsewhere (1.0%, 0.5/1000 person-weeks). The rela

tive risk of acquiring malaria in Sok San compared with the 

other areas was 19 (95% CI, 10.72-33.71; P < .0000001). 

The effect of the loading dose could not be studied because 

of different times and circumstances for the three battalions. 

However, in the first 2 months during the same season at Sok 

San, the malaria incidence in battalions 1 and 3 was 2.3/1000 

person-weeks and 4.6/1000 person-weeks, respectively. This 

might suggest no increased effectiveness of the loading dose. 

Falciparum malaria parasites were isolated from 4 Dutch 

and 7 Khmer patients from Sok San. In vitro susceptibility 

testing showed that isolates from all Dutch and 4 Khmer pa

tients were mefloquine-resistant. 

All but 1 of the malaria patients in Cambodia claimed full 

compliance with chemoprophylaxis. Two (6.3%) of the 32 who 

had malaria after their return admitted noncompliance. Those 

who developed falciparum malaria after discontinuing meflo

quine did so between 16 and 72 days (median, 22), when 

mefloquine levels were no longer effective. For the P. vivax 

cases, this interval was 30-540 days (median. 52). The patient 

who developed falciparum malaria 72 days after stopping pro

phylaxis had received chloroquine treatment because of vivax 

malaria 37 days after stopping mefloquine. 

Of 710 blood smears from battalion I made at the medical 

screening after repatriation. 4 were positive for P. falciparum 
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Tabic 1. Percentage of adverse events attributed to mefloquine as reported spontaneously by 2015 marines during long-term mefloquine 
prophylaxis (250 mg/week). 

Of total 

Battalion \^£ group b> years 

Of total 1 2 <20 20-29 30-39 540 

Adverse events population ((! = 7 IS) (n = 543) (n = 754) P' 1» = 108) (» = 1204) (. i = 513) (n = 187) f 

Headache S9 13.0 10.8 4 0 <.0001 3.7 8.4 1 1 1 9.6 <.05 

Concentration disorders 7.S 6 8 9 8 7 3 4.6 64 10.9 102 <O0l 

Imtabilitv 0 4 07 0.2 04 0 0.2 0.6 1 6 <.00l 

Dizziness 5 6 7,2 6.6 3.2 < 0001 2.S 4.7 7.2 8.0 <.00l 

Weakness 6.0 6.1 9.8 32 <.0001 3 7 7.5 4.7 1.6 <001 

insomnia 1.0 1.0 2.0 0.3 <.001 0 1.3 0.6. 0 5 

Dreams 0.2 04 02 0 1 0 0.3 0 2 0 

Visual complaints 2.8 26 33 2 7 0 1.8 3.5 9 1 <.000l 

Nausea 4.2 6 1 4.1 2 4 < 0 0 1 5.6 3.5 5.5 4 3 

Abdominal cramps 1.8 2.8 11 1 5 3.7 1.4 2.9 0.5 

Diarrhea 1.4 1 8 0 6 1 6 1 9 1.9 02 1.1 < 0 5 

NOTE. Due to 3 missing values, sum of age categories is smaller than total. 
* Per battalion, \' test; per age group. \2 IeäI f°r lren(] («hen expected cell sizes <5. Fisher's exact test). 

Three cases were confirmed in the Netherlands, but I person 
repeatedly had negative blood smears. Two of the 3 patients 
were asymptomatic, and 1 had clinical symptoms. Another 
marine was symptomatic at screening and was diagnosed with 
falciparum malaria while stil! using prophylactic mefloquine. 
Mefloquine concentrations in 3 of these 4 cases exceeded 600 
ng-mL (range, 643-923); in the 4th it was 525 ng.'mL. All 
metabolite-to-mefloquine ratios were >2 (range, 2.39-5.29). 

Discussion 

Long-term mefloquine chemoprophylaxis was well tolerated 
in this population but was not completely effective in this 
geographic area of multidrug resistance. Our results confirm 
findings of others [3, 6] that a loading dose and long-term 
prophylaxis with mefloquine were well tolerated. Fewer side 
effects were reported under our loading-dose regimen (table 1 ). 
but we had no control group, and only cumulative experience of 
previous battalions was available for comparison. 

The frequency of mefloquine-related adverse events requir
ing medical attention was lower (0.3%) than that in a study by 
Lobel et al. [6], in which 0.9% discontinued mefloquine be
cause of adverse events. It is unlikely that we missed serious 
events, because our medical service was the only one on-site. 
During mefloquine prophylaxis, 1 in -13,000 persons may 
experience serious neuropsychiatrie adverse events [7]. Our 
patients with seizures should not have received mefloquine 
because of their medical histories. In the absence of a control 
group, it is impossible to determine whether the adverse events 
reported in this study were causally related to mefloquine. 
Comparing the incidences of mefloquine-related adverse e\ cuts 
among studies is difficult because of different designs and pop
ulations, geographic and climatologie conditions, or unknown 
compliance. 

The other important finding of this study was the incomplete 
effectiveness of mefloquine prophylaxis in this part of Cambo
dia. The malaria incidence among our troops was considerable 
but differed greatly from one location to another. Resistance 
of P. falciparum to mefloquine on the Thai-Cambodian border 
was known [8, 9] but seemed to be locally distributed. We did 
not know either the campsite locations in advance or the ex
pected malaria exposure. We assume because of the results of 
the in vitro sensitivity testing and the confirmed prophylaxis 
failures that resistance to mefloquine played a key role in the 
reduced effectiveness. Moreover, the drug levels measured, 
questionnaire results, medical histories, and the fact that no P. 
vivax infections occurred in Cambodia are all consistent with 
good compliance. 

Whether doxycycline would have been a better option re
mains a matter of speculation. Noncompliance is a key issue 
in the effectiveness of any chemoprophylactic regimen. We 
expected lower compliance with a daily regimen. An Australian 
Study showed high compliance with doxycycline when taken 
under close supervision [10]. but US troops complied much 
better with weekly mefloquine than with daily doxycycline 
[11,12]. 

Routine thick blood smear screening upon repatriation was not 
useful: Only 4 persons were positive, and 6 persons with a nega
tive blood smear later developed falciparum malaria. Whether the 
vivax malaria after return (« = 22) could have been prevented 
by postexposure administration of primaquine is debatable. We 
expected poor compliance and presumed that many persons had 
to be treated to prevent a few malaria cases. In retrospect, -100 
persons would have been treated with primaquine to prevent 1 
case of vivax malaria Poor compliance after return was the main 
explanation for malaria cases among US troops who served in 
Somalia [13. 14] Medical alertness and awareness of the exposed 
persons seem to be the best answer 
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In conclusion, we consider mefloquine to be a safe and useful 

drug for malaria chemoprophylaxis. However, adverse events 

occurred and effectiveness was incomplete. Thus, continued 

monitoring of malaria and adverse events among persons who 

use mefloquine for prophylaxis remains essential. 
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