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Abstract. The effectiveness of mefloquine to prevent malaria caused by Plasmodium falciparum is influenced by
the sensitivity of the malaria parasites to this drug. Concern has been raised that resistance to mefloquine may develop
in sub-Saharan Africa as has been observed in Southeast Asia. Case reports, along with blood smears to confirm the
diagnosis and blood samples to determine the mefloquine concentration, were provided on any Peace Corps volunteer
serving in sub-Saharan Africa who was diagnosed with malaria. We defined prophylaxis failures probably due to
mefloquine resistance as patients with P. falciparum malaria confirmed at the Centers for Disease Control and Pre-
vention, reported compliance with prophylaxis, no ingestion of mefloquine between date of illness onset and date of
blood drawing, and a mefloquine level $ 620 ng/ml in blood drawn within five days of onset of illness. Between
January 1, 1991 and September 6, 1996, 44 (31%) of 140 volunteers with confirmed P. falciparum had blood drawn
within five days of onset of illness. Twenty-nine (66%) had not fully complied with prophylaxis. Five of 15 prophy-
laxis failures in four countries had mefloquine levels $ 620 ng/ml. Failure of mefloquine prophylaxis is primarily
due to noncompliance. Evidence of probable resistance to mefloquine among strains of P. falciparum was found in
five Peace Corps volunteers in sub-Saharan Africa. Clusters of well-documented prophylaxis failures need to be
followed-up by therapeutic in vivo studies to document parasite resistance to mefloquine. Reduced sensitivity to
mefloquine does not (yet) appear to be a significant problem in sub-Saharan Africa.

Malaria continues to cause great morbidity and mortality
throughout the world. One of the reasons for this persistent
threat is drug resistance, which has rendered chemotherapy
and chemoprophylaxis difficult in sub-Saharan Africa and
Southeast Asia.1 Monitoring drug resistance is particularly
important among travelers, expatriates, personnel on human-
itarian missions, and others who plan temporary residence
in highly malarious environments.

The emergence of chloroquine-resistant Plasmodium fal-
ciparum in the 1980s in West Africa, with its intense malaria
transmission, demonstrated the importance of detecting re-
sistance early. Among Peace Corps volunteers taking chlo-
roquine with or without concurrent proguanil for chemopro-
phylaxis in West Africa, the incidence of P. falciparum in-
creased from 9.3 cases per 100 in 1986 to 42 cases per 100
in 1989. Because of this rapid increase, chloroquine-based
regimens were recognized as ineffective. In response, meflo-
quine was made available to Peace Corps volunteers in Sep-
tember 1989,2, 3 and the incidence of P. falciparum decreased
to pre-epidemic levels within two years (Figure 1).

Several large studies have demonstrated that mefloquine
is the most effective chemoprophylactic agent for visitors to
sub-Saharan Africa.4–6 Nevertheless, because of the concern
that resistance to mefloquine could develop in Africa, much
as it has done in Southeast Asia,7, 8 adequate surveillance for
the emergence of mefloquine resistance is essential.

Drug resistance of malaria is defined as the ability of a
malaria parasite to multiply or survive in the presence of
drug concentrations that normally destroy or prevent the
multiplication of parasites.9, 10 These drug concentrations are
based on dosing for treatment, not dosing for prophylaxis.
Resistance has traditionally been monitored using in vitro or
therapeutic in vivo studies. These studies have been used to
track chloroquine resistance, but they cannot detect the early
emergence of drug resistance.11 They rely on samples from
relatively small populations in limited geographic areas, and

tend initially to detect only high-level resistance.12, 13 In ad-
dition, the value of in vitro assays to detect mefloquine re-
sistance is unknown because the correlation between in vitro
and in vivo resistance is poor.14

Monitoring prophylaxis failures, i.e., the incidence of lab-
oratory-confirmed malaria among individuals who are using
chemoprophylaxis, is an effective surveillance tool for de-
tecting the early emergence of drug resistance. This method
can detect low-level resistance, and can be applied to large
populations or large geographic areas. It is also a more ra-
tional approach to detecting parasite resistance to meflo-
quine, a drug used primarily for prophylaxis, not treatment.
While prophylaxis failures in persons using chemoprophy-
laxis consistently and correctly cannot prove resistance,
since the definition of resistance is based on treatment doses
of mefloquine, it can document probable resistance, which
then needs to be confirmed by further studies.

To date, strict criteria have not been used to study meflo-
quine prophylaxis failures prospectively in a large cohort of
highly exposed, nonimmune individuals. Since the weekly me-
floquine prophylaxis dosage schedule was established in 1990,
the Peace Corps Office of Medical Services (OMS) and the
Centers for Disease Control and Prevention (CDC) have mon-
itored P. falciparum infections among Peace Corps volunteers
taking mefloquine in sub-Saharan Africa. We sought to docu-
ment whether individuals who were reported to have failed
prophylaxis indeed had malaria. If an individual had malaria,
we sought to determine whether P. falciparum developed be-
cause the mefloquine levels were inadequate or because the
parasite had probably developed resistance to the drug.

METHODS

Case reporting. Most Peace Corps volunteers serving in
areas with chloroquine-resistant P. falciparum are advised to
take mefloquine, 250 mg, once per week. As part of Peace
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FIGURE 1. Incidence of Plasmodium falciparum in U.S. Peace Corps volunteers, in West Africa, 1986–1995. *Number per 100 volunteers
per year.

Corps’ epidemiologic surveillance system, Peace Corps
medical officers (PCMOs) provide case reports to the CDC
on any volunteer diagnosed with malaria (regardless of spe-
cies) in sub-Saharan Africa while taking mefloquine prophy-
laxis. These reports document when the symptoms began,
when the diagnosis was made, and who made the diagnosis.
For each patient, PCMOs provide thick and/or thin blood
smears as well as whole blood or serum samples to deter-
mine the concentration of mefloquine. This study analyzed
data collected between January 1, 1991 and September 6,
1996.

Data management and case definitions. All laboratory
evaluations were performed at the CDC. Blood smears were
classified as unsatisfactory for evaluation, no parasites
found, or malaria with species identified. Levels of meflo-
quine were determined using high-performance liquid chro-
matography on whole blood or serum samples.15 Serum lev-
els were converted to whole blood levels by dividing the
drug concentration by 1.28.16

Patients were classified as prophylaxis failures probably
due to drug resistance if they met the following criteria: P.
falciparum malaria confirmed at CDC, a history of compli-
ance with prophylaxis, blood drawn within five days of onset
of illness (blood sample for breakthrough mefloquine level),
no ingestion of mefloquine between date of illness onset and
date of blood drawing, and breakthrough mefloquine levels
$ 620 ng/ml. Because the drug has a half-life of 21 days,
we assumed that a mefloquine concentration in blood taken
within five days of onset of symptoms would provide a good
approximation of the level present when the volunteer first
developed parasitemia. Patients were considered compliant
if they reported never missing a dose of mefloquine during
prophylaxis. A mefloquine level $ 620 ng/ml was estimated
to provide 95% effective protection against P. falciparum in
Africa,4 and the development of malaria in this setting is
best explained by reduced sensitivity of the parasite to me-
floquine.

Statistical analysis. Statistical analysis was performed us-
ing Epi-Info version 6.4 (Centers for Disease Control and
Prevention, Atlanta, GA). Univariate analysis was performed
using the chi-square test and Fisher’s exact test. Confidence
intervals (CIs) around risk ratios (RRs) that excluded one

were considered to be statistically significant. Yates’-cor-
rected P values # 0.05 were considered statistically signifi-
cant.

RESULTS

Between January 1, 1991 and September 6, 1996, we re-
ceived reports on 261 volunteers in 38 countries who had
been diagnosed with malaria in sub-Saharan Africa while
taking mefloquine for chemoprophylaxis.

To document which individuals failed prophylaxis, we
first needed to confirm the diagnosis of malaria. Of 242 pa-
tients who had blood smears sent for CDC confirmation, 16
(7%) were unsatisfactory for evaluation because of the
slides’ poor quality. Of the remaining 226, 141 (62.4%) were
confirmed to have malaria (140 P. falciparum and one P.
vivax), and 85 (37.6%) were not confirmed. The positive
predictive value for a diagnosis of malaria in sub-Saharan
Africa (CDC-confirmed slides divided by total number of
satisfactory slides sent to CDC) was found to be 62.4%
(95% CI 5 55.7, 68.7).

We found that the likelihood of a correct laboratory di-
agnosis in Africa depended on which type of laboratory ex-
amined the slide. Laboratories associated with Peace Corps
or U.S. Embassy Health Units were three times more likely
(RR 5 2.9, 95% CI 5 1.8, 4.7, P , 0.001) to make the
correct diagnosis compared with other laboratories (Table 1).

Breakthrough blood samples were received at CDC for 44
of the 140 volunteers confirmed to have P. falciparum.
These volunteers were not demographically different (age,
sex, country) than the 96 who did not supply breakthrough
blood samples. Twenty-nine (66%) of the 44 volunteers re-
ported not to have fully complied with prophylaxis. Among
the 15 patients who had complied with mefloquine prophy-
laxis, the mean mefloquine concentration was 554.9 ng/ml
(SD 5 351.3) with a range of 50 ng/ml to 1,275 ng/ml. Ten
of these 15 prophylaxis failures had mefloquine levels , 620
ng/ml, possibly due to decreased absorption or increased
elimination.

Thus, the remaining five patients met our case definition
of a prophylaxis failure probably due to drug resistance (Ta-
ble 2). Two of these became ill in 1995 and 1996, respec-
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TABLE 1
Proportion of confirmed diagnoses among Peace Corps volunteers diagnosed with malaria in Africa by blood smear examination*

Diagnosis confirmed by CDC

Yes No % Confirmed (95% CI)

Malaria in Africa
diagnosed by

PC/EHU
Local laboratory

99
13

34
38

74.4 (66.2, 81.6)
25.5 (14.3, 39.6)

* CDC 5 Centers for Disease Control and Prevention; CI 5 confidence interval; PC 5 Peace Corps; EHU 5 Embassy Health Unit.

TABLE 2
Characteristics of Peace Corps volunteers with prophylaxis failures*

Country Age (years) Sex Date onset of illness
Mefloquine concentration

(ng/ml)

Niger
Sierra Leone
Cameroon
CAR
Cameroon

31
22
30
26
25

M
M
M
F
M

September 16, 1991
December 29, 1993
October 4, 1995
August 31, 1994
March 28, 1996

830
744

1,275
1,149

962

* Probably due to drug resistance. CAR 5 Central African Republic.

tively, while stationed in Cameroon. The other three were
from Niger (1991), Sierra Leone (1993), and the Central
African Republic (1994). Four patients were treated with
quinine and tetracycline and one was treated with halofan-
trine. All recovered uneventfully, continued their mefloquine
prophylaxis, and did not experience further episodes of ma-
laria.

DISCUSSION

The risk of falciparum malaria in sub-Saharan Africa is a
serious health threat for all travelers, but it is especially high
for expatriates such as Peace Corps volunteers and mission-
aries who are highly exposed over long periods of time and
who may not have ready access to adequate medical care.
Mefloquine and doxycycline are effective drugs for prophy-
laxis in sub-Saharan Africa but doxycycline has a short half-
life and its usefulness is limited because of the need for daily
dosing6 and its contraindication in pregnant women and
young children. In addition to chemoprophylaxis, Peace
Corps volunteers are encouraged to use protective measures
to reduce contact with mosquitoes.

Our surveillance of volunteers diagnosed with malaria in
Africa indicates the importance of independent confirmation
of malaria diagnosis. We found that laboratories used by
Peace Corps volunteers in sub-Saharan Africa tend to ov-
erdiagnose malaria by blood smear examination. In no type
of laboratory was the positive predictive value greater than
85%. Nevertheless, laboratories associated with Peace Corps
and Embassy Health Units demonstrated a three-fold higher
rate of correct diagnoses than other laboratories. The accu-
rate diagnosis of malaria remains a problem in many coun-
tries, many laboratories tend to overdiagnose. Combined
with empiric treatment with antimalarial drugs on clinical
suspicion of malaria, this practice probably reduces malaria
morbidity at the expense of drug side effects and delays in
diagnosis of nonmalarial illnesses. In addition to seeking the
best available medical care while abroad, individuals visiting
sub-Saharan Africa would be well advised to request the
blood slides used for malaria diagnosis to bring back to their

home country. Organizations responsible for travelers’
health should evaluate the quality of local laboratories in
their region and develop standards for quality control. Phy-
sicians and traveler’s health clinics should advise their pa-
tients about how to seek out facilities with well-trained per-
sonnel and of the importance of bringing back a slide for
independent confirmation of any diagnosis of malaria.

In this study, most individuals who developed malaria ap-
pear to have done so because they did not take mefloquine
consistently. Previous observation of Peace Corps volunteers
indicates that mefloquine is well-tolerated by this population
and suggests that noncompliance is unlikely to be due to
side effects.4 Compliance with malaria prophylaxis is more
problematic among long-stay travelers than tourists.17

Over a period of nearly six years, our monitoring of P.
falciparum in Peace Corps volunteers in sub-Saharan Africa
detected only five cases that suggested the presence of prob-
able mefloquine resistance. Identification of clusters of pro-
phylaxis failures due to probable mefloquine resistance
should lead to therapeutic in vivo studies to assess its sig-
nificance and distribution. It is not known why 10 (66%) of
15 compliant patients had mefloquine levels , 620ng/ml.
Pharmacokinetic studies have demonstrated a wide range of
variability of mefloquine levels at steady state even with the
same dosage and same formulation of drug.18 Further re-
search is needed to explain why some individuals do not
develop protective mefloquine levels even when they com-
ply.

Reports of mefloquine resistance in Africa have come
from nine countries based on in vitro assays, three countries
based on in vivo assays, and eight countries based on pro-
phylaxis failure. In vitro data is extremely difficult to inter-
pret because of the poor correlation between in vitro and in
vivo resistance. The in vivo data includes only one report on
a series of patients. Brasseur and others found that 13% (six
of 46) of asymptomatic P. falciparum carriers in northern
Cameroon showed moderate-to-high levels of resistance
(RII-RIII) when treated with 25 mg/kg of mefloquine.19 Of
our 44 possible prophylaxis failures, six were stationed in
Cameroon. Two of these met the criteria for prophylaxis fail-
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ures probably due to drug resistance. Further surveillance of
prophylaxis failures among expatriates in Cameroon is nec-
essary to confirm the possible emergence of drug resistance.

Only two in vivo studies of mefloquine prophylaxis failure
have been conducted in sub-Saharan Africa. One of these
studies did not use breakthrough mefloquine levels and did
not use accurate data about the level of mefloquine required
to suppress parasitemia.20 The other series is the only report
that has used valid and reliable criteria to confirm the di-
agnosis of malaria, document breakthrough levels, and as-
sess which patients had drug levels sufficient for prophylac-
tic effectiveness.6 This study, however, evaluated only a se-
lect group of persons considered true prophylaxis failures
among U.S. military personnel in Somalia.

Our study is limited primarily by sampling bias. Although
we received blood samples for 87.1% (122) of the patients,
only 31.4% (44 of 140) of the confirmed P. falciparum cases
met our strict criteria, making it possible that we missed
some cases of probable drug-resistant P. falciparum. Al-
though we may have excluded some true prophylaxis fail-
ures, we did not want to overestimate the degree of drug
resistance. Because the number of effective anti-malarial
drugs is so small and the risk of resistance so large, it would
be unwise to discard an effective medication such as meflo-
quine without accurate data on the prevalence and degree of
resistance.

The strength of this study lies in the development and use
of strict criteria to evaluate a heretofore largely anecdotal
phenomenon, i.e., prophylaxis failure, among a large cohort
of long-term travelers to sub-Saharan Africa. Wider appli-
cation of the criteria used in this study will help in devel-
oping uniform and comparable data on emerging mefloquine
resistance, the prevalence of which appears low at this time
in sub-Saharan Africa.
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