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Abstract

Background: Current guidelines recommend daily dosing of atovaquone–proguanil (AP), beginning a day before

travel to endemic areas and continuing for 7 days after departure. Adherence of long-term travellers to daily malaria

chemoprophylaxis tends to be poor, even when residing in highly endemic malaria regions. Evidence from a volun-

teer challenging study suggests that non-daily, longer intervals dosing of AP provides effective protection against

Plasmodium falciparum. This study examines the effectiveness of twice weekly AP prophylaxis in long-term travel-

lers to highly endemic P. falciparum areas in West Africa.

Methods: An observational surveillance study aimed to detect prophylactic failures associated with twice weekly

AP, during the years 2013–2014, among long-term expatriates in two sites in West Africa. The expatriates were

divided according to the malaria prophylaxis regimen taken: AP twice weekly; mefloquine once weekly and a group

refusing to take prophylaxis. Malaria events were recorded for each group. The incidence-density of malaria was

calculated by dividing malaria events per number of person-months at risk.

Results: Among 122 expatriates to West Africa the malaria rates were: 11.7/1000 person-months in the group with

no-prophylaxis (n¼ 63); 2.06/1000 person-months in the 40 expatriates taking mefloquine (P¼ 0.006) and no cases of

malaria (0/391 person-months, P¼ 0.01) in the twice weekly AP group (n¼ 33).

Conclusions: No prophylaxis failures were detected among the group of expatriates taking AP prophylaxis twice

weekly compared with 11.7/1000 person-months among the no-prophylaxis group. Twice weekly AP prophylaxis

may be an acceptable approach for long-term travellers who are unwilling to adhere to malaria chemoprophylaxis

guidelines.
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Background

Malaria is a potentially preventable life threatening disease that

affects tropical and subtropical areas.1 There are currently 97

countries with continuing risk of malaria transmission. These

destinations are visited by more than 125 million international

travellers each year.2 The travellers’ risk of contracting malaria

is highly variable from country to country and even between

areas within the same country. Furthermore, the risk is also af-

fected by seasonality, the specific itinerary and the planned ac-

tivities. At least 10 000 cases of travel-associated malaria occur

annually. Most of these cases occur in travellers that did not ad-

here to protective measures or usage of malaria chemoprophy-

laxis.2 It is important to note that malaria is still the leading

cause of hospitalization in febrile ill-returning travellers and it is
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the leading cause of death due to an infectious disease among

travellers.3

Globally, most malaria cases and deaths occur in sub-

Saharan Africa due to a heavy burden of Plasmodium falcipa-

rum malaria, and therefore, all travellers to this region should

ideally take chemoprophylaxis. Three main options for chemo-

prophylaxis are available for travellers to P. falciparum endemic

areas in sub-Saharan Africa: mefloquine, doxycycline and ato-

vaquone–proguanil (AP). These options differ in their dosing

regimen, cost and side effect profile. Adherence to chemopro-

phylaxis varies among different series of travellers, but in gen-

eral it is unsatisfactory especially among long-term travellers

and expatriates.4–9

Long-term travellers pose even a greater challenge regarding

malaria chemoprophylaxis, not only because of their longer ex-

posure but also due to special activities (i.e. working outdoors

in highly endemic areas); different living conditions; the cost of

a prolonged prophylactic regimen and side effects of long-term

medications usage.10

AP demonstrates consistently high protective efficacy against

P. falciparum with an excellent safety profile during both pro-

phylaxis and treatment courses, with severe adverse events

rarely reported.11–13 Despite the favourable adverse effect pro-

file and the relatively ease of take, travellers are yet reluctant to

adhere to AP chemoprophylaxis, mainly due to cost consider-

ations, but also due to unwillingness to take medications on reg-

ular daily basis.9,14 The half-life of atovaquone is long, ranging

from about 50 to 84 h. The half-life of proguanil is 14–20 h.15

Yet, current guidelines recommend daily dosing of AP, begin-

ning a day before travel to an endemic area and continuing for

7 days after departure. Despite further evidence from previous

volunteer studies suggesting that a single-dose of AP provides in-

deed effective chemoprophylaxis against P. falciparum challenge

at dosing intervals supportive of weekly dosing,16,17 no clinical

studies have attempted to test the effectiveness of a prolonged

interval of AP regimen. Weekly mefloquine could theoretically

be an attractive choice for long-term travellers; however, it has

a problematic reputation due to its adverse events profile aug-

mented by a recent black-box labelling of the drug.18

The aim of this study was to assess the efficacy of twice

weekly AP regimen in high-risk groups travelling to West Africa

and refusing to take daily malaria chemoprophylaxis or once

weekly mefloquine.

Patients and Methods

Study Design

To detect prophylactic failures associated with twice weekly AP,

we conducted an observational surveillance during the years

2013–2014 among long-term expatriates in two sites in West

Africa. Living conditions were similar in each site.

The study was approved by the Sheba Medical Center

Institutional Ethical Review Board.

Patient Population

Long-term expatriates (�6 months), travelling to work in West

Africa—either working in the jungles of Angola or as medical

staff at the Centro Médico La Paz, Malabo, Equatorial Guinea.

All expatriates were recommended personally to adhere to

malaria chemoprophylaxis (AP or mefloquine) according to the

approved manufacturers’ regimen for each drug. The group

staying in Angola decided not to take any chemoprophylaxis

and after 6 months connected us for advice due to high occur-

rence of malaria among the group members. Despite their high

malaria attack rate they still refused taking chemoprophylaxis

according to the recommended protocols, but agreed for twice

weekly AP (starting one day before entering malaria endemic

areas), that was offered assuming it is better than no treatment

at all, and as a last-resort attempt to reduce malaria incidence.

This option was attractive also for expatriates working in

Malabo, Equatorial-Guinea, while others still refused taking

any chemoprophylaxis.

This sequence of events provided us with unique opportunity

to compare the effectiveness of twice weekly AP to currently rec-

ommended regimens, or to no prophylaxis. Thus, avoiding the

ethical considerations may prevent the design of a prospective

randomized controlled trial.

In Angola, adherence to prophylaxis was based on direct ob-

served therapy (AP twice a week was handed out by a para-

medic). In Equatorial Guinea, adherence was based on

self-reporting of the medical staff.

The expatriates from the two destinations were divided into

three groups according to the malaria chemoprophylaxis they

took—Mefloquine once weekly; AP twice weekly; and no che-

moprophylaxis. Malaria events were recorded for each group.

The incidence rate of malaria was compared between the groups

by rate difference. Confidence intervals (CI) are presented for all

rates. A logistic regression model was used to analyse the pro-

tective effect of either treatment against malaria, after adjusting

for gender and location (Angola vs Equatorial Guinea).

The statistical analysis was done with SPSS 19.0 and

WINPEPI version 11.9.

Results

A group of 14 expatriates (all males, median age 24 years)

working in the jungles of Angola remained there for 16 months

(1 January 2012–30 April 2013)— the whole period in the same

living conditions. During the first 6 months they all refused tak-

ing malaria chemoprophylaxis and accordingly eight cases of

malaria were documented, all during the heavy rainy season of

that area (January through April)—two severe cases that were

diagnosed and treated in a western medical facility in Luanda (a

positive Rapid diagnostic test and a positive blood film); six

cases of acute onset of fever had a positive blood film in a local

medical facility and had a dramatic response to therapeutic

doses of mefloquine. Despite this high incidence of malaria, the

expatriates yet refused taking once weekly mefloquine or AP on

regular daily basis. They were consequently offered to take the

twice weekly AP regimen, which they all accepted. During the

next 10 months of their stay in the same facility, including again

the heavy rainy season, no cases of fever or malaria were

documented.

One hundred and eight medical staff and their family mem-

bers (M:F ratio 1:1; age range 1.5–71 years; 28 of 107 were

�12 years old) lived for different periods (median

stay¼ 19.45 months) with same living condition, at the Centro

Médico La Paz, Malabo, Equatorial Guinea. As medical
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personal they all had knowledge regarding the malaria risk and

consequences and received pre-travel consultation that advised

them and their family members to take malaria chemoprophy-

laxis, yet, almost a half of them (n¼ 49) chose not to take any

chemoprophylaxis. Forty medical staff members or their fami-

lies received standard prophylaxis with mefloquine. The remain-

ing medical staff (n¼ 19) heard from each-other about the

experience with twice a week AP of the group from Angola and

decided on their own to take the same protocol.

Altogether, 122 expatriates to West Africa were included in

this study. The 14 expatriates to Angola contributed person-

time twice; first to the no-prophylaxis group and then to the

twice weekly AP group. Overall, 63 subjects were included in

the group that did not take any malaria chemoprophylaxis; 40

took mefloquine according to the recommended regimen; and

33 took AP twice weekly (Figure 1). None of the expatriates

chose to take the once daily AP according to the manufactures’

recommendation or doxycycline.

Altogether, there were 1368 person-months of follow-up for

the no-prophylaxis group, 983 person-months and 391 person-

months for the mefloquine and the twice-weekly AP groups,

respectively (Figure 1).

Malaria incidence was significantly lower in both the

mefloquine (2 per 1000 person months, 95% CI 1.5–37,

P¼0.006) and in the twice weekly AP groups (0 episodes per

391 person-months, 95% CI 1.4–1, P¼0.01) than in the no-

prophylaxis group (11.7 episodes per 1000 person-months).

After adjusting for gender and location, either treatment

was associated with �20 times decreased odds for malaria com-

pared with no prophylaxis: OR¼0.05(95% CI 0.006–0.42;

P¼0.006).

All travellers taking the twice weekly AP chemoprophylaxis

had an excellent compliance with this regimen and complete

adherence to the protocol for the duration of their stay in the

endemic area.

Discussion

Despite many years of availability, malaria chemoprophylaxis

adherence is still a problematic issue. Travellers are yet reluctant

to use chemoprophylaxis, and the compliance is further compli-

cated in long-term travellers who prefer not to use any medica-

tions on a regular daily basis. Our study emphasizes this

problematic issue—108 of the expatriates were medical staff or

their family members, all aware of their malaria risk in a highly

endemic area, and yet 45% of them chose not to take any ma-

laria chemoprophylaxis. These low compliance rates among

similar medical staff in another hospital in Equatorial Guinea

have previously been reported.19 Furthermore, data and con-

trolled studies on long-term safety and efficacy of anti-malarial

Figure 1. Malaria events according to the malaria chemoprophylaxis taken
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agents are scarce.10 Accordingly, in the GeoSentinel database

long-term travellers experienced malaria more frequently com-

pared with short-term travellers, due to poor compliance to

chemoprophylaxis.20

Atovaquone is active against the liver stages of the malaria

parasites and has a relatively long half-life (50–84 h),15 combin-

ing it with proguanil that is also active against the liver stages,

results in an efficacious prophylactic drug with a potential of

more convenient dosing regimen. However, upon licensure the

schedule examined was daily doses starting at day �1 pre-

exposure and continuing up to day þ7 after the end of expo-

sure.21 In this randomized, double-blind, placebo-controlled

study, 12 healthy volunteers on the per-protocol prophylactic

schedule of the drug were compared with 4 healthy volunteers

taking placebo. Both groups were challenged with P. falciparum

via infected mosquitoes. Four cases of malaria were docu-

mented, all in the placebo group, while no cases were recom-

mended in the treated arm. These results led to clinical studies

in immune African population which proved the efficacy of the

drug to be around 98%.22 Based on these data, AP was regis-

tered with this schedule and to be the official recommended

AP prophylactic regimen including non-immune travellers.2 In

2012, Deye et al.16 published a study performed in volunteers

with similar methods as the above-mentioned licensure study,

but examined the prolonged protection provided by a single

prophylactic dose of AP. Their goal was to examine a prolonged

protection provided by a single prophylactic AP dose against a

human P. falciparum malaria challenge. Six volunteers of the

control cohort were compared with 30 volunteers of the pro-

phylaxis cohort which were randomly assigned to one of five

single-dose regimens—17 volunteers taking different doses of

AP at day �7 before the challenge; 6 volunteers taking a stan-

dard dose of AP at day �1; and 5 volunteers taking a standard

dose of AP at dayþ4 after challenge. Six malaria cases occurred

among the six control cases. Three malaria cases were recorded

in the treatment cohort, all in the day �7 treatment groups,

while no cases were recorded in the dayþ4 regimen (which can

be compared with twice a week regimen). Since malaria attack

rate after challenge approximates 100%, even small numbers of

patients suffice to demonstrate the efficacy of AP therapy. And

indeed, both studies mentioned above had practically a power

of 100%.

Leshem et al.23 were the first to study a modification of the

recommended schedule, examining the effectiveness of a short

prophylactic course of AP, discontinued it 1 day (instead of

7 days) after return from a travel to Sub-Saharan Africa. Among

485 travellers (cumulative exposure of 4979 days), 421 (87%)

discontinued AP 1 day after leaving the endemic region. None

of the 485 travellers had malaria infection. They conclude in-

line with the study by Deye et al.16 that ending the AP prophy-

laxis treatment 1 day after leaving the malaria endemic area did

not compromise the drug efficacy. Furthermore, the travellers

who were advised to use the short-course of prophylaxis re-

ported a substantially higher compliance to chemoprophylaxis

compared to those recommended taking the full schedule.

Given the circumstances described in the Methods we en-

countered a unique opportunity to examine the effectiveness

of twice a week AP prophylaxis among long-term travellers

to Western Africa, utilizing a quasi-experimental set-up.

No prophylaxis failures were detected among the group of trav-

ellers who took AP prophylaxis twice a week (0 cases per 391

person-months), while among the group not taking any prophy-

laxis the incidence was 11.7/1000 person-months. The adher-

ence to the twice weekly AP regimen was 100%, including in

the 14 expatriates to Angola that were previously very reluctant

to use any chemoprophylaxis regimen. These 14 travellers serve

as a control group for themselves—prior to the twice weekly AP

regimen >50% of them (8/14) had clinical malaria (two severe

cases) within a short period of time. After commencing of this

chemoprophylaxis, no malaria cases were detected during

10 months of stay in the same area with identical living condi-

tions and throughout the highly rainy season.

The main limitations of this study are due to the ‘natural ex-

periment’ design of the study; groups were self-selected and the

intervention was unblinded. Furthermore, there are potential

confounders such as practicing different preventive personal

protection and the self-medication reporting of the medical

group, but this bias is assumed to be similar in the mefloquine

and the AP group. However, it is important to note that alto-

gether the groups in both sites lived in identical living conditions

with the same environmental risk factors thus allowing the com-

parisons between the groups.

Another main limitation of the study is that the cumulative

exposure of our cohort of twice weekly AP may have been rela-

tively small. However, all our expatriates resided in highly en-

demic areas of West Africa with an estimated annual rate of

P. falciparum malaria cases of 277–375 per 100 000 travel-

lers,24,25 and practiced high-risk activities, and therefore ma-

laria cases have been prevented. In fact, in our cohort among

those without prophylaxis the rate of malaria was 11.7/1000

person-months, sufficient to detect malaria cases even in the

group of AP users.

Furthermore, the subgroup of the 14 of the expatriates’

working in the jungles of Angola, served as their own control.

Despite their short cumulative exposure there was a decrease

in malaria events from more than a 50% attack rate to 0 cases

after starting AP twice weekly.

Conclusions

We conclude that in this study twice weekly AP was an effica-

cious prophylaxis regimen for long-term expatriates to highly

endemic areas. The shortening of the original schedule raised

the compliance to malaria chemoprophylaxis. We recommend

further validation of our findings by clinical trials comparing

the different AP regimens, and active surveillance in larger co-

horts. Meanwhile, we feel that a twice weekly AP prophylaxis

may be a reasonable approach for long-term travellers who are

not adherent to current malaria chemoprophylaxis guidelines.

Conflicts of interest: None declared.
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