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Development of recommendations for the protection
of short-stay travellers to malaria endemic areas:
Memorandum from two WHO Meetings*

In the past, since malaria chemoprophylaxis was assumed to be ofbenefit and with no
serious complications, it was recommended to all travellers who were at risk ofacquiring
the disease. The current epidemiological situation ofmalaria is marked by the increasing
spread of Plasmodium falciparum resistance to chloroquine and by problems due to the
toxicity of other drugs. Recommendations for malaria prophylaxis should therefore be
based on an epidemiological approach which takes into account the risk of acquiring the
infection, the toxicity and effectiveness of the available antimalarial drugs, the traveller's
perception of these risks, and the human factors that influence the use of all possible
protective measures against malaria.

This Memorandum describes the epidemiological approach and the data bases
requiredfor the development ofrecommendations on prophylaxis for short-stay visitors in
malaria endemic areas, and gives guidelines on the protective measures and drugs that
may be used in defined situations.

INTRODUCTION

The deterioration of the malaria situation over the
last 10-15 years is partly due to the increasing spread
ofPlasmodiumfalciparum populations that are resist-
ant to chloroquine and other drugs. This problem and
the toxicity of alternative drugs have now made it
difficult to propose simple, widely applicable recom-
mendations for chemoprophylaxis. In addition, con-
tradictory information has been creating confusion as
to the most efficacious prophylactic measures.
WHO recommends chemoprophylaxis as a malaria

control strategy for the reduction of morbidity and
prevention of fatality in persons who are at high risk
from severe and complicated malaria, notably non-
immune travellers to areas of malaria transmission
and pregnant women. Other high-risk groups for pos-
sible chemoprophylaxis include nonimmune persons
living in closed communities in endemic areas, e.g.,
labour forces, police and army units. This Memoran-
dum discusses the mechanisms for protecting only
short-stay visitors in endemic areas (i.e., visits of up
to one month). The protection of other categories of
travellers will be the object of future meetings. This

* This Memorandum is based on the report oftwo informal con-
sultations held in Geneva on 26-30 January and 27-29 April 1987,
which were organized by the Research and Technical Intelligence
unit, Malaria Action Programme, World Health Organization, 1211
Geneva 27, Switzerland. The names of the participants are given on
page 194. A summary in French appears on pages 194-195.
Requests for reprints or for the original report (in English and
French, unpublished document WHO/MAL/87.1040) should be
addressed to the Malaria Action Programme.

distinction has been made since most travellers make
short visits and protective measures might be differ-
ent for the longer-stay groups.

In the past, it was often assumed that malaria
chemoprophylaxis was of benefit and without serious
complications and that, consequently, it was prefer-
able to recommend prophylaxis to travellers whose
risk of acquiring malaria was uncertain. Until the
mid-1970s, specific guidelines were based only on
the geographical distribution of malaria in the world
and fragmentary reports of the occurrence of chloro-
quine-resistant P. falciparum. Owing to the current
epidemiological situation of malaria and the lack of
effective and safe chemoprophylactic drugs, a more
careful weighing of the risk of acquiring a potentially
fatal malaria infection with the toxicity and effec-
tiveness of the available antimalarial drugs is now
required. The many technical problems and the in-
creasing number of short-stay travellers at risk of
malaria infection call for a systematic approach to the
development of prevention strategies.
The above approach requires the establishment of

adequate data bases to identify the travellers at risk, to
quantify both the risk of infection or death and the risk
of side-effects due to the use of drugs, and to assess
the efficacy ofthe drugs or other protective measures.
Since completely safe and effective prophylactic
drugs do not exist, there is a need to identify and
exclude those who are most at risk, to understand the
traveller's perceptions of risk-benefit values, and to
examine the human factors influencing their use of
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protective measures against malaria. Unfortunately,
such data bases are incomplete and present advice to
travellers continues to be based more on agreed
opinion than on rational assessments.

This Memorandum reviews the data bases for the
development of recommendations on individual pro-
tection against malaria and gives guidelines on the
protective measures and drugs that may be used in
defined situations.

DATA BASES FOR ASSESSING RISKS

To balance rationally the risk of malaria infection
against the toxicity and effectiveness of antimalarial
drugs, quantitative estimates of the following are
needed: the risk of infection, especially with chloro-
quine-resistant P. falciparum; the risk of death from
such an infection; the efficacy of chemoprophylactic
regimens; the efficacy of antimosquito measures and
their use by travellers; the toxicity of drugs used for
prophylaxis; and the availability and adequacy of
medical care. Data bases that could provide infor-
mation for the above calculations include: national
malaria surveillance systems, traveller surveys,
traveller statistics, data on defined populations, death
certificates, controlled trials, post-marketing surveil-
lance, special investigations, and pharmaceutical
marketing data. Risk factors need to be identified and
their relative influence quantified.
The parameters to quantify the information re-

quired to develop and monitor guidelines for prophy-
laxis, the data required to estimate these parameters,

and the data bases from which they may be derived
are summarized in Table 1. Mechanisms for obtain-
ing such data may be developed to varying degrees in
different countries depending on financial and man-
power resources and health service infrastructures.

Malaria surveillance
Worldwide. On a global scale, WHO prepares

reports on the malaria situation by region and a com-
puterized data base now exists which contains the
number of cases reported annually in most countries
of the world, the number of cases imported into most
of the malaria-free countries, and the current popu-
lations of the countries of the world. Information is
also collected on malaria transmission, usually by
season, but not always by parasite species. Such epi-
demiological information is limited to annual report-
ing to WHO by the countries. Unfortunately, these
data bases have deficiencies. Official information
provided by countries to WHO is at times incomplete
and does not necessarily represent the actual situation
and, as a consequence, other reports (apart from these
"official" figures) have to be utilized. Data may
often be imprecise and incomplete, particularly for
defined geographical areas within a country where the
malaria risk may be high. In addition, the criteria for
diagnosing and reporting malaria cases may vary
among countries. Although some degree of malaria
risk may be calculated from these data bases, it may
not be applicable to short-stay travellers to endemic
countries who are generally less exposed than local
residents.

Table 1. Information needed for the development of guidelines for malaria prophylaxisa

Information needed Parameters used Data needed Data baseb

Risk of infection Incidence rates No. of cases 1, 2, 4
Population at risk 2, 3, 4

Risk of fatal outcome Case fatality rates No. of deaths 1, 5
No. of cases 1

Efficacy of Incidence rates by No. of cases despite prophylaxis 1, 2, 6
chemoprophylaxis prophylactic regimen Population at risk 2, 3, 6

Toxicity Incidence rates No. of adverse reactions 2, 7, 8
Population at risk 2, 3, 9

Efficacy of personal Attack rates by No. of cases despite measure used 6
protective measures measure used Population at risk 6
against mosquito bites
' Table prepared by H. 0. Lobel, et al.
b Data bases: 1, malaria surveillance; 2, traveller surveys; 3, traveller statistics; 4, defined populations (e.g., Peace Corps volunteers); 5, death certificates;

6, controlled trials of drugs or of other measures; 7, post-marketing surveillance; 8, special investigation; and 9, pharmaceutical marketing data.
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WHO also receives or collects a variety of reports
from its Regional Offices, countries, and individuals
on the drug responses of P. falciparum including
detailed results of in vivo and in vitro tests. Although
the results of these tests are not exact predictors of
prophylactic efficacy, they have a wide geographical
coverage and allow a broad estimation of the distri-
bution of drug response in parasite populations.
Non-endemic countries. The presence of risk of

infection is also indicated by the detection of infection
among travellers returning to their home countries.
Malaria is a reportable disease in the countries of
origin of many nonimmune travellers and this has led
these countries to establish surveillance systems for
imported malaria. The objectives of such systems
should include an assessment of the risk of exposure
to malaria for travellers and an evaluation of the
efficacy and toxicity of antimalarial drugs so that
recommendations may be developed on prophylaxis
for travellers visiting various malarious areas and on
the treatment of imported malaria cases.
There are, however, wide variations in the report-

ing systems, since data are collected in many dif-
ferent ways and on a variety of variables in different
countries. It is therefore virtually impossible to
compare sets of data from different countries. For
example, while malaria case definition should be
based on microscopic diagnosis of parasites in the
peripheral blood, this is not always so. Consequently,
the specificity of different systems may vary. As to
the sensitivity of the different systems, this is gen-
erally unknown and it appears that the majority of
cases, irrespective of case definition, are not being
reported to the appropriate authorities. For instance,
only 20% of the well-documented cases treated in
Switzerland were reported to the Federal Office of
Public Health despite the fact that notification of
malaria cases is compulsory in this country. Further
problems of malaria surveillance are illustrated by a
Swiss follow-up study which showed that, in those
travellers who stayed abroad for up to one month,
22% of the malaria infections (confirmed by a blood
film) had been treated while they were still in the
tropical country (R. Steffen, personal communi-
cation, 1987). The need to adopt more standardized
surveillance systems with regard to both diagnosis
and reporting is apparent.

Traveller information
Traveller statistics. A precise knowledge of the

exact destination and purpose oftravel may lead to the
acquisition of more specific data about malaria risk
for a large proportion of travellers, thereby mini-
mizing the use of unnecessary chemoprophylaxis.
The following information is needed to evaluate the

dimensions of the malaria risk for travellers: number
of travellers; their destinations; and the time of year,
duration and purpose of travel. Some ofthese data are
published by the World Tourism Organization, the
Organization for Economic Cooperation and Devel-
opment, the Pacific Area Travel Association, and in
national statistics of non-endemic and malarious
countries. In addition, data may be available in non-
endemic countries on the demography of travellers
departing to, or arriving from, malarious countries.
Also, a review of travel agencies' brochures and of
information on travellers presenting themselves at
vaccinating centres, travellers' clinics, etc. may
reveal the currently frequented destinations. Simi-
larly, the destinations of business travellers can be
monitored through the health departments of their
organizations, the health services of missionary
groups, voluntary agencies, etc. In non-endemic
countries, returning passenger surveys may generate
valuable epidemiological information on malaria risk
in this group.
Prophylaxis surveys in travellers. There are many

different methods to determine the prophylactic
practices of travellers. One such method, originally
devised by the Centers for Disease Control (CDC) in
the USA, and subsequently adopted by British, Swiss
and French institutes, has been the surveillance of
travellers on returning aircraft (12). Such surveys
may generate large data bases but they are costly and
may be prone to sampling bias. They have, however,
to date provided most of the information on chemo-
prophylactic efficacy, malaria attack rates, and pro-
tective measures used by travellers.
Other methods to obtain information from travel-

lers include pre-departure surveys, surveys of travel-
lers visiting health advisory services (20) or travel
agents, interviews with travellers while still abroad or
after their return, and community surveys of high-
risk populations (e.g., immigrants). The choice of
methodology is influenced by the objectives, feasi-
bility, and costs.

Surveillance ofdefined populations
Defined populations may be important sources of

data for determining the risk of malaria infections and
the efficacy of prophylactic measures. For example,
as over 5000 Peace Corps volunteers from the USA
are currently assigned to 43 countries where they may
be exposed to malaria, a medical care surveillance
system has been established whereby information on
malaria morbidity, treatment, and the efficacy of pro-
phylactic measures can be obtained. Malaria cases are
classified according to the parasite species if a micro-
scopic diagnosis is made. The number of volunteers is
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known and therefore the incidence of infection in
each country can be calculated.

Case fatality rates-death certificates
Case fatality rates due to malaria in general as well

as to the individual Plasmodium species can be used
to quantify the risk of death and to identify associated
risk factors. Such data can be obtained from malaria
surveillance systems and through examination of
death certificates of persons who have died of malaria
while overseas. However, it may often be difficult for
countries to ascertain the cause of deaths of their
citizens while abroad.

Controlled trials ofdrugs -efficacy for prophylaxis
No criteria exist for estimating the prophylactic

efficacy of a given drug regimen and, therefore, the
probable prophylactic efficacy of a drug is generally
inferred from its therapeutic effect (11). This, of
course, is not feasible for drugs used only for prophy-
laxis and not for treatment, e.g., proguanil. The
efficacy of chemoprophylaxis, however, may be de-
termined and monitored through controlled trials or
by analysing the data on failures of prophylaxis in
travellers.
A controlled prophylaxis trial is a time-consuming

and labour-intensive undertaking. Such trials can,
therefore, be carried out only infrequently, in a few
locations, and usually include relatively small, often
semi-immune population groups. Currently, trials are
being conducted to evaluate the efficacy of several
drugs that may be of value for the prophylaxis of
chloroquine-resistant P. falciparum (17).a

Analysis of data from malaria surveillance systems
and travel surveys may allow the calculation of pro-
phylaxis-specific attack rates. Such an analysis of
U.S. travellers using sulfadoxine/pyrimethamine or
chloroquine for prophylaxis during visits to Kenya
(13) showed that the risk of developing P. falciparum
malaria following return to the USA was significantly
greater for travellers who had not used any prophy-
laxis than for those who had taken sulfadoxine/pyri-
methamine (P< 0.001). The attack rate in travellers
who had used no prophylaxis was twice that of travel-
lers who had used chloroquine (P>0.05). Data
obtained from Swiss travellers were analysed in the
same manner, and the relative efficacies of the two
prophylactic regimens in Swiss travellers were found
to be similar to those observed in the U.S. travellers
(13).

a COOSEMANS, M. H. ET AL. Double-blind study to assess the
efficacy of chlorproguanil given alone or in combination with
chloroquine for malaria chemoprophylaxis in an area with
Plasmodium falciparum resistant to chloroquine, pyrimethamine
and cycloguanil. Unpublished document WHO/MAL/86.1024,
1986.

A similar analysis was performed to determine the
prophylaxis-specific attack rates for U.S. travellers to
Nigeria. The attack rate was substantially higher in
travellers who had used no prophylaxis than in those
who had used chloroquine (P< 0.001). This method
permits continuous monitoring of changes in efficacy
of chemoprophylactic regimens.

Toxicity of drugs-post-marketing surveillance,
special investigations and pharmaceutical market-
ing data
Drugs for malaria prophylaxis need to be especially

safe because they are used by large numbers of
healthy people to prevent a disease that can be readily
treated. Surveys of travellers indicate that the occur-
rence of adverse reactions may reduce compliance.
However, the risk of adverse reactions during pro-

phylactic use of antimalarial drugs has not been
systematically and adequately assessed until recently.
Previously, the potential for adverse side-effects of
chemoprophylaxis was judged to a large extent on the
basis of experiences during treatment of malaria and
other diseases. In addition, most adverse reactions
associated with malaria prophylaxis had been pub-
lished as isolated case reports without reference to the
total number of users (the denominator). It was only
after the occurrence of fatalities due to severe cu-
taneous adverse reactions (SCAR) following sulfa-
doxine/pyrimethamine prophylaxis (15, 28) and the
reports of agranulocytosis and/or hepatic failure
attributable to the prophylactic use of amodiaquine
(8, 16, 21) that an attempt was made to search retro-
spectively, as well as prospectively and systemati-
cally, for adverse reactions and to correlate them with
the numbers of travellers using the drugs.
The experience gained with sulfadoxine/pyri-

methamine and amodiaquine has highlighted several
important aspects of the assessment of adverse drug
reactions and has emphasized the need for a system-
atic surveillance system (27, 30, 31). The frequency
of adverse reactions may be underestimated because
pre-marketing drug trials do not include sufficient
numbers of subjects to identify drug reactions that
occur at a frequency of less than 1 per 200 (30).
Moreover, studies to determine the incidence of sev-
ere cutaneous adverse reactions and to establish the
causal relationship have indicated that present report-
ing systems do not always contribute to the detection
and verification of adverse reactions.
Formal investigations are clearly required to deter-

mine the incidence and verify the causal relationship
between the use of a drug and adverse reactions. The
number of users of a drug may be estimated from
pharmaceutical sales data or derived from traveller
statistics and surveys indicating the drug usage pat-
-terns of travellers. Estimation of incidence rates
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should be based on both methods since neither is
totally reliable. A clear case definition is essential to
any survey. The sensitivity of reporting is influenced
by the type of adverse reaction: clearly the disfiguring
symptoms of severe cutaneous adverse reactions
which'may be associated with use of sulfadoxine/
pyrimethamine are easier to monitor than blood dys-
crasias, e.g., agranulocytosis, associated with drugs
like amodiaquine. Adverse reactions with low fre-
quencies (e.g., less than 1 per 10 000 users) can be
verified in case-control studies or, exceptionally, in
longitudinal surveys involving large numbers of
travellers.

Passive surveillance systems for obtaining infor-
mation on specific drugs may be less efficient for
verifying suspected adverse reactions than systems
based on active case-finding. Institutions that issue
recommendations on prophylaxis and conduct mal-
aria surveillance are in a unique position to carry out
surveillance for adverse reactions to antimalarial
drugs although, at present, such reactions in persons
not exhibiting "breakthroughs" b in prophylaxis may
not be reported to the malaria institutions.

DETERMINING AND QUANTIFYING
MALARIA RISK

Risk ofmalaria infection
Several data bases are already available for esti-

mating the risk of acquiring malaria. The risk of a
malaria attack following travel to specific countries
can primarily be estimated by dividing the number of
reported cases among travellers who acquired their
infection in those countries by the total number of
travellers to those countries. Such estimates have
been made for malaria infections in general and for
each Plasmodium species.

This simple determination of risk has to be inter-
preted in the light of various factors such as the
traveller's exposure to infection which may vary
according to the area visited (urban, rural), the time
and duration of stay (transmission season and relative
intensity of transmission), purpose of the visit (busi-
ness, safari), and the type of accommodation (air-
conditioned, screened, camping), as well as use of
protective measures, compliance with them, and their
efficacy. Since the majority oftravellers do take some
precautions against malaria, the risk so estimated
should be considered as a modified one. It would be
impossible to measure the true risk since cohort
studies in unprotected persons are both ethically
unacceptable and practically not feasible.

b A "breakthrough" is when, despite chemoprophylaxis, the
subject becomes infected with malaria.

With this proviso, the information from available
data bases indicates that short-stay travellers and cer-
tain defined nonimmune populations may be at high
risk of acquiring a P. falciparum infection in certain
areas of sub-Saharan Africa, New Guinea and the
Solomon Islands. The risk is intermediate for travel-
lers to the Indian subcontinent and low for travellers
to south-east Asia and Latin America.

Preliminary data in a Swiss study, based on proven
malaria cases diagnosed by examination of blood
films and treated either in Africa or upon return to
Europe, show a monthly incidence rate of 15/1000
for West Africa and 11 /1000 for East Africa in per-
sons without chemoprophylaxis. These rates would
be even higher if cases treated as clinical malaria
without microscopic confirmation of the diagnosis
were included.

Risk offatal malaria
Available statistics suggest that nearly all deaths

due to malaria in short-stay travellers occurred after
return to their country of origin. The lack of prompt
and adequate medical care is generally responsible
for these deaths. Surveys in the USA indicated that
58 deaths occurred among 1333 cases of imported
P. falciparum malaria in the period 1966-85. This
gives a case fatality rate of 4.4%. The rates for dif-
ferent European countries in 1985 varied between 1%
and 7 %. The case fatality rate of malaria among per-
sons overseas cannot be determined since the number
of malaria cases abroad is unknown. Surveys have
indicated that patients with non-fatal infections had a
much higher rate of use of chemoprophylaxis than
those who died; this has led to the suggestion that,
while suboptimal chemoprophylaxis may not prevent
parasitaemia and illness, it may prevent death due to
P. falciparum (10). A total of 67 persons died from
malaria in the United Kingdom in the period 1977-
87; 51 of them did not take any drugs for chemopro-
phylaxis (34).

DETERMINING THE RISK OF ADVERSE REACTIONS
TO ANTIMALARIAL DRUGS

The reports of fatal cutaneous reactions following
prophylaxis with sulfadoxine/pyrimethamine com-
binations and of agranulocytosis and/or hepatic
failure with amodiaquine stimulated surveys of the
occurrence of side-effects of drugs in travellers.
A large survey among Swiss travellers (R. Steffen,

personal communication, 1987) indicated that minor
side-effects, mostly nausea, are reported fairly fre-
quently with the use of all drug regimens. Minor side-
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effects appeared to be of little practical relevance in
this group of travellers since only 0.5% ofthe persons
surveyed ceased to take the drug because of them.
This survey detected more severe side-effects that led
to hospitalization; these were associated with chloro-
quine (4 cases in 10 509 persons surveyed), amodia-
quine (4 cases of agranulocytosis in 1810 persons),
sulfadoxine/pyrimethamine (one case each of
collapse, vomiting, and nausea in 13 839 persons),
and mefloquine (one case of phobia in 1123 persons).
Surveys carried out in the USA indicated that fatal

severe cutaneous adverse reactions occurred in
1:11 000 to 1:25 000 persons using sulfadoxine /pyri-
methamine for prophylaxis (15). The incidence of
severe side-effects in travellers from Australia, Swe-
den and the United Kingdom is comparable to that
seen in American travellers. In contrast, over a mil-
lion doses of sulfadoxine/pyrimethamine have been
prescribed in Switzerland with a markedly lower inci-
dence of SCAR and without any reports of deaths
(28). Many of the persons who died of SCAR had
used this drug combination together with chloro-
quine, which led to the suggestion that drug inter-
action may have increased the risk. However, a
review of case reports to the drug manufacturer of
16 SCAR cases among British and Scandinavian
travellers revealed no history of concomitant use of
chloroquine in 13 of the patients (23). On the other
hand, minor cutaneous side-effects occurred signifi-
cantly more frequently in the Swiss study when
4-aminoquinolines and sulfadoxine/pyrimethamine
were taken together, compared with sulfadoxine/
pyrimethamine alone.
Amodiaquine has been used for prophylaxis for

over 40 years and up to 1985, there were 20 published
case reports of neutropenia and agranulocytosis, of
which 5 were fatal. Most of these cases related to
overdosage or high-dose treatment of rheumatoid
arthritis. However, in 1986, 13 cases of agranulo-
cytosis were reported from the United Kingdom and 7
cases from Switzerland (8, 16). Virtually all cases
occurred within 12 weeks of initiating prophylaxis.
Proguanil or sulfadoxine/pyrimethamine had also
been used in some but not all cases in the United
Kingdom. This led to more detailed surveys and to
estimations of incidence. A link with age was noted
between use of amodiaquine and the occurrence of
adverse reactions in Switzerland, with a higher in-
cidence in middle-aged and elderly persons (27).
Agranulocytosis also occurred in 1 in 25 000 and
hepatitis in 1 in 12 500 users of amodiaquine in
France. In contrast, the estimated frequency of
agranulocytosis from British data was 1 in 2000
users. To date, 67 cases of severe reactions to the
prophylactic use of amodiaquine have been recorded,
giving a worldwide risk ofbetween 1 in 1000 and 1 in

The above-mentioned experience with both sulfa-
doxine/pyrimethamine and amodiaquine highlights
the need to establish monitoring systems to provide an
early warning of reactions to existing drugs as well as
to new ones when they are introduced, and to stan-
dardize case definitions and methods of detection.
Further studies are also required on the possible
association of cofactors with the occurrence of such
reactions and to establish whether differences exist in
the frequency of adverse reactions in particular
groups, e.g., due to age. Concomitant use of other
drugs is also of special concern. The Swiss and
American traveller surveys suggest that up to 37% of
travellers take other medications during travel, e.g.,
the use of drugs against hypertension is common in
the elderly and against diarrhoea in all age groups.

Risk/benefit analysis
Analysis of risks and benefits has been used to

assess quantitatively the toxicity of and the protection
afforded by various chemoprophylactic regimens
against the risk of fatal P. falciparum infections in the
area concerned, and it can also be extended to assess
cost-effectiveness (19, 35). This type of analysis
takes into account the proportions of travellers using
different chemoprophylactic regimens, the risk of a
fatal adverse drug reaction, the risk of malaria infec-
tion, the efficacy of the prophylactic regimen used,
the case fatality rate, and the number of travellers.
Such risk/benefit analysis, based on adequate data,
may provide a clearer rationale for prophylactic re-
commendations, in contrast to the largely empirical
approach used previously.

TARGET CATEGORIES FOR
INDIVIDUAL PROTECTION

There has been a substantial increase in the number
of travellers to malaria endemic areas in the last
decade. Current estimates indicate over 2 million
from France, 1 million each from the United King-
dom and the USA, 400 000 from Switzerland,
and up to 100 000 each from the USSR, Belgium,
Netherlands and Sweden every year. Some major
differences, e.g., in the endemic areas visited, the
type of travel and, therefore, the risk factors in-
volved, are present between these countries.
Two successive investigations carried out in France

during 1984 and 1985 indicated that the annual
number of imported cases varied between 2300 and

C FREYENMUTH, T. [Agranulocytosis and liver damage due to
amodiaquinel Ph.D. thesis, 1987, University of Zurich, Zurich,
Switzerland (in German).
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3000 (4). Patients were mostly male (65%) and of
African or European nationality. The dominant age
group was 20-29 years (55%), but among the non-
Europeans the greatest proportion of cases was found
in the 0-19-year age group (35% as opposed to 14%
for the Europeans); 76% of the cases were due to
infection with P. falciparwn, 11.4% to P. vivax, and
8.5% to P. ovale. In 79% of the cases, the infection
had been contracted in Africa south of the Sahara;
86% of the P. falciparum cases were diagnosed less
than 30 days after the patient had returned to France
and 6% of these were severe cases that were mainly
seen in non-European children or in Europeans who
had not taken chemoprophylaxis. The infections in
8% of the patients were resistant to chloroquine
treatment. Similar patterns have also been observed
in travellers from Belgium, the Netherlands and
Sweden.
Imported malaria in the United Kingdom was also

found to occur predominantly in persons under 35
years of age and in immigrants, but, in contrast to
France, this latter group came mainly from the Indian
subcontinent. As a consequence, imported cases of
malaria in the United Kingdom were mainly due to
P. vivax while P. falciparum was responsible for only
30% of the cases (34).
Surveys conducted in the USA in 1986 also showed

differences among travellers to Africa: visitors to
East and Central Africa where P. falciparum may be
resistant to chloroquine were more likely to be older,
to stay for shorter periods, and to travel for tourism as
compared to those visiting West African countries
where chloroquine-resistant P. falciparum has been
rare.
On the whole, it appears that the high-risk group in

the temperate countries of the northern hemisphere
are travellers to tropical Africa where they contract
an infection with P. falciparum which, depending on
the location visited, may be resistant to chloroquine.
In Europe, immigrants visiting their countries of
origin are also a high-risk group.

Traveller surveys have also shown a variation in the
appreciation of risk of infection and in the practice
of chemoprophylaxis. Travellers from the USA to
Africa were more informed of the risk of infection
and more likely to take regular prophylaxis (70-80%)
than those visiting Haiti or south-east Asia during
1984-85 (10-17%) (12). By 1986, over 95% of all
American travellers to Africa were aware of the
potential malaria risk. A similar high appreciation of
malaria risk in the places of destination has been
shown by French and Swiss travellers, irrespective of
their destination.
There is, however, a wide disparity in the appreci-

ation of risk and chemoprophylactic practises be-
tween travellers of different ethnic groups arriving in

France and the United Kingdom. Minority ethnic
groups appear to be 3-6 times less likely to appreciate
the risk and take chemoprophylaxis than their Euro-
pean counterparts (3).

In addition to chemoprophylaxis, many authorities
advise travellers to avoid mosquito contact. Traveller
surveys in 1986 in the USA and Switzerland showed
that only 56% of travellers actively tried to avoid
mosquito bites. Of U.S. tourists and business travel-
lers, 50% and 20%, respectively, used insect repel-
lents; 42% and 19%, respectively, used insecticides;
37% and 8%, respectively, used mosquito nets. The
Swiss study showed that fewer than 20% used insect
repellents or wore clothes that covered the extremities
in the evening and only 22% used mosquito nets.
A traveller's knowledge of, attitude towards, and

practice of malaria prevention play a significant role
in explaining the above differences, e.g., only 46% of
British travellers had any knowledge of personal pro-
tection measures against malaria. Protection depends
on the motivation of travellers to seek advice and act
upon it, their perception of the risk and severity of
malaria, and their understanding of the proposed pre-
ventive measures and the need to comply with them.

Travellers obtain their information on malaria from
a variety of sources. A survey conducted in the USA
indicated that, apart from persons who had previously
been informed (41.4%), the most frequently cited
sources were public health departments or the Centers
for Disease Control (24.4%) and travel agents
(23.9%). A higher percentage among European tra-
vellers appears to obtain information from various
medical institutions (82% in the United Kingdom and
90% in Switzerland); other European travellers con-
tent themselves with information from travel agents
or friends, or use the same drug they took previously.
Non-European immigrants in Europe are, however,
less likely to seek advice from medical institutions
and are less aware that they are at risk. The reasons
for this are multiple and include a belief that pre-
viously acquired immunity is retained and that drugs
are toxic to pregnant women and children; they
consider that immunizations against other diseases
also protect against malaria and that chemoprophy-
laxis is too costly to take during their long visits
overseas. Their cultural interpretation of the etiology,
prevention and cure of malaria often differs from the
western interpretations and many seek medical care
from traditional healers. Some of them may reside in
disadvantaged areas or in areas where their use of
medical facilities may be inhibited owing to illegal
entry or illegal employment.
Even when advice is sought and the need for pro-

tective measures is understood by travellers, compli-
ance with them may be suboptimal. Studies in defined
cohorts have shown that compliance may be as low as
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50% in some groups of informed travellers. This is of
particular importance since partial compliance sig-
nificantly reduces protection. Reduced compliance
may be due to many reasons such as forgetfulness,
which is a particular problem among those who travel
frequently and have busy schedules; inadequate infor-
mation and time for preparations because of travel
at short notice; confusion from contradictory infor-
mation; unpleasant side-effects of the drug or other
illness; or the fact that the recommended protective
measures were complicated or unrealistic (34).

AWARENESS OF RISK
FOR INDIVIDUAL PROTECTION

Promoting travellers' awareness of risks and,-pro-
tective measures
There is an immediate need to improve the present

system ofhealth education for travellers. Clear guide-
lines must be made available to medical practitioners
and others who are in a position to advise travellers.
Consistency in the advice and information given to
travellers is essential and will increase confidence in
the protective measures recommended and will thus
avoid confusion. Such information and advice should
be given as soon as the travel plans are made and in a
form which the traveller will easily understand. It
should be given to them in a written form to act as a
reminder and should stress not only the risks and the
protective measures to adopt but also the importance
ofobtaining medical advice and treatment in the event
of a suspected illness due to malaria. It is important
that this information should be available in the
national language(s) and also in the languages of other
ethnic groups who may have settled in the country.
The need to give correct information to those from
whom travellers seek advice on malaria, e.g., medi-
cal practitioners and travel agents, is essential in this
process.
The responsibility for providing correct advice lies

with many sections of the community, not only the
medical profession and health authorities but also
travel agencies, tour operators and airlines. Em-
ployers have a responsibility to protect their staffwho
travel on the company's business; and the national
health services of endemic countries have a responsi-
bility to provide correct information on the risks and
protective measures, especially when the countries
benefit economically from tourism. The traveller is
also responsible for protecting himself by complying
with these measures and by reconsidering whether the
journey is really necessary when the risks of infection
are high.

In particular, persons travelling to endemic areas

with drug-resistant P. falciparum need to be informed
about symptoms which may indicate an infection des-
pite chemoprophylaxis and what to do in such an
event. It is important to stress that this could occur
while still in the endemic area, or upon return to a
non-endemic area when terninating the prophylaxis,
or even during a period of three months thereafter.
The importance ofobtaining medical advice and treat-
ment in the event of any suspected illness, irrespec-
tive of the symptoms and signs, should always be
stressed to the traveller.

Means ofindividualprotection against mosquito bites
The current epidemiological situation of malaria

and the lack ofcompletely safe and effective drugs for
prophylaxis have highlighted the role that protective
measures against mosquito bites might play in malaria
prevention. Past experience indicates, however, that
with the exception of small well-organized groups,
personal measures of protection are not always prop-
erly or fully utilized. Inadequate assessment of the
protective value of various measures as well as their
limited availability or acceptability and relatively
high cost are the main common features restricting
their use.

In order to minimize the risk of contracting
malaria, or other mosquito-borne diseases, visitors
to areas where malaria transmission is known to occur
should observe as many as possible of the following
basic measures for reducing their exposure to mos-
quito bites:

(i) Choose, for preference, screened or air-
conditioned accommodation.

(ii) Where screened accommodation is not avail-
able or is ineffective, use a mosquito net; for in-
creased protection the net should be impregnated with
permethrin emulsifiable concentrate (0.08-0.2 g
active ingredient per mi2).

(iii) Wear long-sleeved clothing and long trousers
when outdoors in the evening; keep the ankles pro-
tected as much as possible.

(iv) Apply a mosquito repellent such as dimethyl
phthalate or N,N-diethyl-toluamide (DEET) on ex-
posed skin.

(v) Where screened sleeping accommodation is
available, clear the room of any resting mosquitos by
using an insecticide aerosol, preferably a synthetic
pyrethroid.

(vi) Where electricity is available, plug-in insecti-
cide dispensers using plaques impregnated with syn-
thetic pyrethroids form a compact and useful addition
to the traveller's kit; spirit lamp equivalents are also
available.

It is important that travellers should understand that
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their use ofthe above antimosquito measures must not
lead them to poor compliance with chemoprophylaxis
or complacency about the risk.

DRUGS FOR PROPHYLAXIS

The range of drugs available for prophylaxis is
limited and at present there is no drug that guarantees
100% protection in any endemic area. Most of these
drugs are schizontocides which must be maintained at
suitable blood concentrations to be effective against
the parasite when it enters the blood, i.e., 6-14 days
after initial exposure to infective mosquitos. The
available drugs differ in their efficacy, speed of
action, side-effects, and suitability for use in combi-
nation with other antimalarials. These factors are all
influenced by the pharmacokinetics and metabolism
of the drug in humans. The design of prophylactic
regimens should therefore be based on sound phar-
macokinetic knowledge to maintain optimal efficacy
and to reduce or prevent toxicity.

Kinetic data on new antimalarials such as meflo-
quine are as complete as possible but those on estab-
lished antimalarials, apart from chloroquine, are
generally incomplete and based on methods that
would no longer be acceptable. The recent develop-
ment of highly sensitive techniques, such as high-
performance liquid chromatography, and of new
methods for handling samples now makes this type of
study possible, particularly on the metabolism of
these drugs (18). There is also a need to standardize
these newer methods so that the results from different
studies are more comparable.
The bioavailability and absorption of most antimal-

arial formulations currently used for prophylaxis are
usually complete and peak plasma concentrations are
reached within a few hours. The apparent volumes of
distribution of antimalarial drugs, however, vary
markedly from low values of0.1 litre/kg body weight
for sulfadoxine to very high values (e.g., 200 litres/
kg) with highly tissue-bound drugs such as chloro-
quine. This high apparent volume of distribution and
tissue binding, e.g., to melanin in the skin or the
retina, is related to the toxic effects which charac-
terize chloroquine, particularly in long-term use.
There are also notable variations in the elimination

half-lives of antimalarial drugs, ranging from a few
hours for primaquine and quinine to 3-6 days for
chloroquine and 16-33 days for mefloquine. These
factors play an important role in determining the dose
regimen. It is generally considered that drug combi-
nations should have components with matching half-
lives to be optimally effective.
The drug is usually eliminated after it has been

more or less totally metabolized; unfortunately,

insufficient data are available on the metabolism of
most antimalarials and the effect of this on the drug's
efficacy and toxicity. The main metabolite of chloro-
quine, monodesethylchloroquine, is as active in vitro
as the parent drug against sensitive P. falciparum but
less so against resistant parasites. In contrast,
proguanil is a prodrug which acts as an antimalarial
through its metabolite cycloguanil. There are also
genetic factors governing the rate at which different
individuals metabolize certain sulfonamides by acety-
lation; "fast" acetylation may reduce the effective-
ness of these compounds more rapidly than "slow"
acetylation. This phenomenon may explain some
apparent failures with these drugs. Alternatively, if
the metabolite is more active than the parent com-
pound, the drug may be more active in "fast" acety-
lators. Hypersensitivity reactions are observed with
sulfa drugs that have a high degree of protein-binding
and a long half-life. Thus, a short-acting sulfa drug
with less tubular reabsorption and low protein-
binding may offer distinct advantages.

Surprisingly little is known about the causes of the
wide individual variation observed in the kinetic par-
ameters of many antimalarial drugs, the kinetics of
these drugs in children and in the elderly, and the
side-effects of interactions with other drugs.

Chloroquine
Efficacy. Chloroquine has been the most widely

used antimalarial for prophylaxis over the last 40
years owing to its rapid action against the asexual
blood stages of all sensitive human malaria parasites.
It has no effect on the liver stages of any human mal-
aria parasite. Its efficacy, which is very high when
compliance is guaranteed, is being increasingly com-
promised by the spread of chloroquine-resistant
P. falciparum throughout the world. Resistance of
P. vivax, P. ovale and P. malariae has not yet been
detected.

Safety. The drug is well tolerated and is safe for use
by pregnant women and children when taken at the
recommended dosage. It does, however, have a rela-
tively narrow margin of safety, and overdose is dan-
gerous. Minor side-effects such as gastrointestinal
disturbances are not uncommon. The major side-
effects are pruritus (particularly in persons with dark
pigmented skins), which may affect compliance, and
irreversible retinopathy, which is a recognized poten-
tial complication of long-term chloroquine use and is
ascribed to the accumulation of chloroquine in the
retina. Retinopathy has rarely been attributed to
chloroquine use for malaria prophylaxis at doses of
5 mg/kg body weight per week, although a total life-
time dosage of chloroquine exceeding 100 g base
appears to increase the risk.
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Occasional severe reactions such as photosensiti-
zation, myopathy, aplastic anaemia and agranulocy-
tosis (in Sri Lanka) and neuropsychiatric disturbances
such as confusion have been reported. It can also be
dangerous in persons suffering from porphyria
cutanea tarda.

Limitations. The use of chloroquine is limited by
the spread of chloroquine-resistant P. falciparum and
the above side-effects.
Dosage. The drug is generally used at a dose

of 300 mg base weekly although in francophone
countries throughout the world the recommended
dose is 100 mg base daily six times a week. A loading
dose of 300 mg base for adults (5 mg base per kg
body weight) on two successive days has been recom-
mended by certain groups in order to accelerate the
establishment of steady-state drug profiles and to
ensure that blood levels of the drug are always above
the minimum effective concentration.

Kinetics. Peak plasma levels of chloroquine are
reached within 1-6 hours with wide individual vari-
ations in the blood concentrations (5).d Chloroquine
is slowly eliminated from the body and, after a single
dose of 300 mg base, the drug and its metabolite can
be detected in the plasma for up to 56 days, the half-
life initially being 5 days, but in the terminal phase up
to 12-14 days. It has a very large apparent volume of
distribution, which probably explains the wide range
of side-effects observed and the variations in kinetic
parameters seen in different subjects.
Research. Considering the wide variations in the

kinetics of chloroquine, it would be desirable to study
the pharmacokinetics of the drug in elderly persons
(i.e., aged 65 years and above) since they constitute
a particularly important tourist group in whom metab-
olism of the drug may be impaired. Additionally,
appropriate trials of the efficacy and safety of 300 mg
base weekly compared with 600 mg base weekly
should be carried out.

Amodiaquine
Because of recent reports of the high risk of agranu-

locytosis and/or hepatic failure following the
prophylactic use of amodiaquine (8), this compound,
either alone or in combination with other drugs,
e.g., with primaquine (Camoprim), can no longer be
recommended for the prophylaxis of malaria.

Proguanil and chlorproguanil
Efficacy. Both proguanil and chlorproguanil are
d ROMBO, L. Chloroquine concentrations in suppression and

treatment of malaria -clinical use and methodological consider-
ations (Ph.D. thesis, University of Stockholm, 1984).

dihydrofolate-reductase inhibitors but, unlike pyri-
methamine, they have a marked effect on the primary
tissue stages of P. falciparum, P. vivax and P. ovale.
Their effect on the primary tissue stages of
P. malariae is unknown. They may therefore have a
causal prophylactic activity in contrast to the suppres-
sive prophylactic activity shown by pyrimethamine.
Both proguanil and chlorproguanil are effective
against asexual blood forms although their action is
slow. They do not affect hypnozoites and therefore
have no anti-relapse action. Both drugs act as
antimalarials through their primary metabolites,
cycloguanil and chlorcycloguanil.
Few data exist concerning the efficacy of these

compounds. On the whole, they appear to be less
effective than chloroquine for prophylaxis although
their prophylactic efficacy seems to vary geographi-
cally. Studies of these compounds have been initiated
in Africa and in south-east Asia but there are appar-
ently no recent reports of their efficacy in South
America. Only recently have methods been devel-
oped to test the susceptibility in vitro ofP. falciparum
to the active metabolites of these drugs.

Safety. These drugs are probably very safe for
prophylaxis because remarkably few side-effects or
adverse reactions have been reported. They are also
considered safe for pregnant women. Neither drug
should be used in persons with liver and kidney dys-
function. There are reports indicating that mouth
ulcers may occur following the prophylactic use of
proguanil.

Limitations. The use of these drugs is limited by
their lack of availability on a worldwide scale and by
the presence of resistance of P. falciparum and of
P. vivax to both compounds.
Dosage. Proguanil has been used at a daily dose of

100 mg or 200 mg and chlorproguanil at a weekly
dose of 20 mg. These regimens are based on anec-
dotal evidence and doses used in the past rather than
on pharmacokinetic knowledge.
Pharnacokinetics. Pharmacokinetic studies on

both compounds are limited. Absorption appears to
be rapid, peak plasma concentrations being achieved
with proguanil within 4 hours of administration. The
plasma half-lives are approximately 12 and 24 hours
for proguanil and chlorproguanil, respectively (32;
B. Law, personal communication, 1987). Further
pharmacokinetic studies are required, including sub-
stantiation of the hypothesis that rapid and slow
metabolizers of these compounds may occur in
human populations.

Combinations. Proguanil has been used in combi-
nation with both amodiaquine and chloroquine. The
use of the former combination has been discontinued
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in view of the reported cases of agranulocytosis and
hepatitis associated with this combination as well as
by amodiaquine alone. At present, the possibility that
proguanil is implicated in this reaction cannot be
excluded although it appears improbable. Given this
remote possibility, however, careful surveillance of
travellers using the combination of proguanil and
chloroquine should be carried out.
Research. Further studies on the kinetics and

metabolism of both proguanil and chlorproguanil are
clearly needed, especially since high-performance
liquid chromatography (HPLC) methods for these
drugs are now being developed. Both proguanil and
chlorproguanil also have the potential for inclusion in
drug combinations which may be synergistic -such
as with short-acting sulfonamides. Adequate preclini-
cal studies of such combinations, including toxicity in
small animals and drug interaction studies (e.g.,
pharnacokinetic and metabolic studies) should be
carried out to determine their safety and optimal dose
ratios and regimens.

Pyrimethamine and its combinations with other drugs
The use of pyrimethamine alone is no longer re-

commended for prophylaxis in view of the present
insensitivity of P. falciparum and P. vivax to it in
many parts of the world and the ease to which resist-
ance to this drug arises.
Both pyrimethamine and the sulfa drugs, such as

sulfonamides and sulfones, are effective blood
schizontocides. Pyrimethamine acts as a dihydro-
folate-reductase inhibitor while the sulfa drugs are
inhibitors of dihydropteroate synthase. They form
potentiating combinations. Combinations of pyri-
methamine and chloroquine are not potentiating.

Pyrimethamine and sulfadoxine
Efficacy. The efficacy of sulfadoxine/pyrimeth-

amine varies owing to the presence of resistant
P. falciparum parasites. It is very effective in certain
parts of Africa and southern Asia although a few
sporadic cases of high resistance to this combination
have been reported, particularly in East Africa. Its
efficacy in south-east Asia, however, is quite low
particularly in Thailand and Burma, and there are
now indications of reduced efficacy in Bangladesh.
Reduced efficacy has been reported from Papua New
Guinea, the Solomon Islands, and Vanuatu as well
as Brazil but this is probably not of the same order as
in south-east Asia.

Safety. Surveys in the USA have indicated that fatal
cutaneous reactions occurred in one out of 11 000 to
25 000 persons using the combined drug for malaria
prophylaxis (15). The frequency of severe side-

effects, as assessed in surveys conducted in Australia,
Sweden and the United Kingdom, seems comparable
with the observations from the USA. This drug com-
bination has not been recommended in France where
it is little used. However, sporadic cases of severe
cutaneous reactions have also been reported in
France. On the other hand, the risk in Swiss travellers
seems to be lower, with no deaths and a reported
incidence of less than 1 per 100 000 persons for
severe cutaneous reactions (28). The experience in
Austria and the Federal Republic of Germany seems
to be similar to the one in Switzerland.
Sulfadoxine/pyrimethamine continues to be used

for chemoprophylaxis by travellers from certain
countries to areas where chloroquine-resistant P. fal-
ciparum exists. The decision td use this combination
for weekly prophylaxis is based on the balance
between the risk of toxic reactions detected in travel-
lers from these countries and the risk of their con-
tracting a malaria infection. In these circumstances,
prompt detection and investigation of any adverse
reactions must be ensured.

Limitations. The use of this combination is limited
by the presence of resistant parasites and by the risk
of severe cutaneous side-effects associated with sul-
fonamide use; clinical experience has not revealed
any embryological lesions similar to those observed
in animal models. However, the manufacturers do not
recommend the use of sulfadoxine/pyrimethamine
during the first months of pregnancy or during
periods when conception may occur except in ex-
ceptional circumstances. The combination is contra-
indicated, at prophylactic doses, in patients showing
renal insufficiency, hepatic lesions or blood disorders
and in all persons hypersensitive to sulfonamides.
Dosage. For use against sensitive parasites, the

weekly adult dose is one tablet containing 500 mg
sulfadoxine and 25 mg pyrimethamine.

Combinations. Sulfadoxine/pyrimethamine has
been used as an ad hoc combination with chloroquine
for prophylaxis and also exists in formulation with
mefloquine (Fansimef). Neither of these is recom-
mended for prophylaxis.

Kinetics. The plasma half-lives of the two drugs are
not perfectly matched, being approximately 4 days
for pyrimethamine and 8 days for sulfadoxine (33).
Both drugs show high protein-binding, which ex-
plains their long half-lives, and in the case of sulfa-
doxine may contribute to the side-effects observed.
Pyrimethamine is metabolized but the major metab-
bolites have not been identified and their role in the
production of side-effects is unknown. Only a small
proportion of sulfadoxine is metabolized to the acetyl
and glucuronide derivatives. However, variations in
this metabolism are known to occur.
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Research. As sulfadoxine/pyrimethamine is re-
commended to be carried as a treatment drug by
travellers visiting areas of chloroquine resistance,
close surveillance for side-effects should be made in
this population. The factors responsible for these
side-effects should be investigated.

Pyrimethamine and sulfalene
Efficacy. Although sulfalene/pyrimethamine (Meta-

kelfin) has been widely used therapeutically in India,
experience with this drug combination elsewhere is
extremely limited. In recent years, however, there
appears to be an increasing use of this drug for both
prophylaxis and treatment. It is probably as effective
as the sulfadoxine/pyrimethamine combination.

Safety. Only limited data are available. It is not
known whether or not severe cutaneous reactions are
associated with sulfalene.

Limitations. They are similar to the limitations of
sulfadoxine/pyrimethamine with respect to resistance
of the malaria parasite to the combination. Infor-
mation on safety is inadequate.
Dosage. Sulfalene/pyrimethamine is effective

against sensitive parasites at a weekly adult dose of
one tablet containing 500 mg sulfalene and 25 g
pyrimethamine.

Kinetics. The plasma half-lives of the two drugs
are relatively well matched, being approximately 65
hours for sulfalene and 4 days (96 hours) for pyri-
methamine.
Research. As the sulfalene/pyrimethamine combi-

nation has potential as an alternative to sulfadoxine/
pyrimethamine for the treatment of chloroquine-re-
sistant falciparum infections, controlled comparative
studies of the two formulations should be carried out.
Prospective and retrospective investigations of
possible adverse reactions are also indicated.

Pyrimethamine and dapsone
Efficacy. Dapsone/pyrimethamine (Maloprim) has

been widely used for prophylaxis in the United King-
dom, Malaysia and southern Africa, both alone and in
an ad hoc combination with chloroquine, but data on
its efficacy are incomplete.

Safety. Agranulocytosis, sometimes leading to
death, has occurred following the prophylactic use of
this combination. The incidence of such severe side-
effects appears to be more common following the use
oftwo tablets per week than with the currently recom-
mended dose of one tablet per week. It is not known
whether the concomitant use of chloroquine increases
the risk of side-effects.

Limitations. It is not known whether sensitivity to
sulfones occurs in a similar manner to sensitivity to
sulfonamides.
Dosage. It was initially used at a dose oftwo tablets

per week, each tablet containing 100 mg dapsone and
12.5 mg pyrimethamine; but, more recently, based
on toxicity considerations, a weekly dose ofone tablet
has been adopted.

Kinetics. The significance of genetic differences in
dapsone metabolism in man is not known. Dapsone is
well absorbed and peak serum levels occur within 3-6
hours. Its mean plasma half-life is 28 hours compared
with 95-118 hours for pyrimethamine (24). The
formulation may not therefore be ideal since a weekly
dose of dapsone/pyrimethamine would result in ter-
minal plasma levels of pyrimethamine alone.
Research. Carefully controlled studies on the

efficacy, tolerance and toxicity of this combination
are required. The risk of agranulocytosis following
the use of one tablet weekly should be further
investigated.

Pyrimethamine and chloroquine
Pyrimethamine/chloroquine (Darachlor) was de-

veloped for use in malaria eradication campaigns and
is not recommended for prophylaxis.

Mefloquine
Efficacy. The efficacy of mefloquine has generally

been reported to be very high against multi-resistant
P. falciparum and P. vivax, except in one study by
the Armed Forces Institute of Medical Sciences
(AFRIMS) in Thailand, the results of which may
reflect bioavailability problems with the formulation
used. Mefloquine has only recently been registered in
a small number of countries for prophylactic use.
Failures of the drug to protect against infection have
not been reported but its use has been very limited so
far. Resistance of P. falciparum to mefloquine has
been reported sporadically from clinical and field
trials of the drug for treatment. In vitro studies in
areas in which the drug has not been available also
suggest that mefloquine-resistant parasites exist in the
field.

Safety. There are limited data on which to base
recommendations for its prophylactic use although it
appears to be safe. Transient and non-serious side-
effects such as dizziness, headache, diarrhoea, pal-
pitations, and abdominal pain have been observed.
Rare cases of neuropsychiatric disturbances such
as confusion and loss of consciousness have been
observed in treatment trials (29). Experience is
insufficient as yet to rule out the possibility of inter-
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actions with cardioactive drugs particularly beta- and
calcium-channel blockers.

Limitations. The drug is expensive and at present
not widely available. Pharmacokinetic and treatment
studies in pregnant women are being carried out; until
their results are known, the drug should not be used
by women who are or expect to become pregnant.

Dosage. Mefloquine has been used in a single
weekly dose of 250 mg base. More than one formu-
lation exists which may explain the variations ob-
served in some of the kinetic parameters and in
tolerance. Its use for periods longer than six weeks is
not recommended until studies on its long-term use,
particularly those related to its accumulation in body
tissues, are completed.

Kinetics. Mefloquine has a high apparent volume of
distribution and marked variations are observed in
both the rate of absorption and plasma half-lives.
Peak blood levels are reached within 2-12 hours and
the half-life varies between 6 and 33 days (6, 25). A
carboxylic metabolite, which is inactive as an anti-
malarial, has been identified as the major metabolite,
but others (as yet uncharacterized) exist. The role of
these metabolites in the production of side-effects is
unknown.
Combination of mefloquine with other drugs.

Mefloquine is available in a fixed combination with
pyrimethamine and sulfadoxine (Fansimef). This
combination is not recommended for prophylaxis
because of the serious adverse reactions associated
with the prophylactic use of pyrimethamine and
sulfadoxine.
Research. The following studies have priority:

(i) epidemiological studies on the occurrence and
spread of resistance of P. falciparum to mefloquine;
(ii) monitoring studies on the efficacy of mefloquine
as a prophylactic drug, particularly for use in areas
where multi-resistant P. falciparum occurs;
(iii) multi-dose pharmacokinetic studies on the metab-
olism of mefloquine following the administration of
prophylactic regimens, with special reference to the
elimination and tissue-binding of the parent drug and
its metabolites;
(iv) efficacy and tolerance studies in pregnant and
lactating women receiving treatment and prophylactic
regimens;
(v) clinical and prophylactic studies on possible drug
interactions of mefloquine with beta-blockers and
calcium-channel blockers, including any side-effects,
should be carried out ifthe results ofpreclinical animal
studies on these drugs indicate the absence of major
drug interactions. Similar work, starting with animal
studies, should also be carried out using other
cardiovascular drugs.

Doxycycline
Efficacy. Limited and small-scale trials have shown

it to be effective against multi-resistant P. falciparum
in Thailand (17).

Safety. The above trials showed doxycycline to be
reasonably safe but it may cause disturbances in
intestinal flora (26), oesphageal ulcers (14), pseudo-
membranous enterocolitis (two cases known to the
manufacturer), fungal vaginitis, moniliasis, and
photosensitivity under extreme sunlight (7).

Limitations. It is not recommended for use in either
pregnant women or children under 8 years of age, in
view of the potential of tetracyclines to cause damage
to developing bones and teeth. It is expensive.
Dosage. Present dosages are 100 mg daily al-

though this may be reviewed in the light of further
studies on the drug.

Kinetics. The pharmacokinetics of doxycycline
have been relatively well studied. It has a plasma half-
life of 14-22 hours (22). The low urinary excretion
allows this drug to be used in patients with impaired
renal function.
Research. Further studies are urgently required

to determine the drug's efficacy, its optimal dosage,
and the incidence of side-effects such as pseudo-
membranous enterocolitis.

Primaquine
Efficacy. Primaquine is an effective drug against

the tissue stages of malaria parasites and is highly
gametocytocidal against all species of human plas-
modia. Its action on asexual blood parasites is low
and it is effective only in dangerously high doses that
preclude its use as a blood schizontocide. It has been
tested as a causal prophylactic drug in combination
with chloroquine, where it proved efficient in pro-
tecting against P. vivax but not against chloroquine-
resistant P. falciparum (2).

Safety. In subjects with normal levels of glucose-
6-phosphate dehydrogenase (G-6-PD), primaquine
is known to cause side-effects at dosages exceeding
30 mg base daily, namely leukocytosis, anaemia, and
methaemoglobinaemia. It causes haemolysis ofG-6-
PD-deficient erythrocytes following any repeated
daily dosing. It is also contraindicated in persons
with lupus erythematosus and rheumatoid arthritis.
Its prophylactic use by short-stay travellers is not
recommended.

Quinine
Quinine is not used for prophylaxis since its kinetics
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are inappropriate and the incidence of side-effects is
unacceptably high. It should be reserved for the
treatment of severe malaria infections, and of cases
resistant to other drugs.

Piperaquine
Piperaquine possesses blood schizontocidal activity

similar to that of chloroquine and has been shown by
Chinese scientists to have high suppressive and thera-
peutic activity. There are reports of cross-resistance
between piperaquine and the 4-aminoquinolines such
as chloroquine. Further preclinical and efficacy
studies are needed to assess the potential and appli-
cability of piperaquine for prophylaxis.

DRUG-RESISTANT MALARIA

Chloroquine remains the drug of choice for mal-
aria prophylaxis against infections with P. vivax,
P. malariae and P. ovale as well as against infection
with chloroquine-sensitive P. falciparum. Chloro-
quine-resistant P. falciparum is now widespread in
south-east Asia, South America, the South Pacific,
India, East and Central Africa, and has recently been
reported from West Africa.
The use of chloroquine for prophylaxis against

P. falciparum appears still to be justified in many
areas where the parasite shows low levels of resist-
ance. In areas with a high level of resistance to
chloroquine the choice ofdrug for prophylaxis should
be based on the risk/benefit of both chloroquine and
the alternative drugs which may be available. This
decision should take into account the epidemiological
factors; high levels of transmission, the presence of
efficient vectors, and high local drug-pressure may be
indications for considering the use of an alternative
drug to chloroquine for prophylaxis. It has been
suggested that the use of600 mg chloroquine base per
week may be more effective for prophylaxis in areas
where RI resistance occurs, but this cannot be ascer-
tained unless properly controlled double-blind trials
are conducted.
Evidence of resistance of P. falciparum to pro-

guanil and to chlorproguanil is largely based on an
analogy with the known resistance ofP. falciparum to
pyrimethamine, another dihydrofolate-reductase in-
hibitor. The distribution of such resistant parasites
appears to vary and the above analogy does not seem
to be absolute. Studies in Liberia showed that the
prophylactic efficacy of pyrimethamine was compro-
mised after its use over a two-year period whereas
that of chlorproguanil was not (1). Resistance to pro-
guanil and chlorproguanil is presumed to be identical.

Resistance to the sulfadoxine/pyrimethamine

combination is discussed above (see p. 187, under
"Efficacy"). In general, while this drug combination
is highly effective in certain areas of south-east Asia
and Africa, it may not prevent malaria infections in
some areas of Burma, Democratic Kampuchea and
Thailand, and possibly Bangladesh. Resistance is also
present in the Amazonian region of Brazil while
reduced efficacy has been reported in Papua New
Guinea, the Solomon Islands and Vanuatu, though
not to as great an extent as in south-east Asia. It
is assumed that pyrimethamine combinations with
either sulfalene or dapsone would have similar geo-
graphical differences in efficacy.

Sporadic reports of P.falciparum resistance to
mefloquine have come not only from clinical and field
trials in south-east Asia where the drug has been
used for treatment, but also from in vitro studies in
countries where the drug has not been available.

DIAGNOSTIC AND THERAPEUTIC FACILMES

The difficulties experienced in protecting travellers
from malaria make it essential that adequate diagnos-
tic and therapeutic facilities should be available both
in the endemic countries and in the traveller's home
country. Most deaths due to malaria in short-stay
travellers occur after their return to their own country
and a major contributory factor in their deaths is lack
of prompt and accurate diagnosis. It is therefore
urgent that the existing diagnostic, reference and
treatment centres in the travellers' countries of origin
be strengthened, particularly with regard to providing
suitable information and support to general practi-
tioners who will be the first to be consulted when they
fall ill. Practitioners should be made particularly
aware of the malaria risk and the importance of
inquiring into the places visited when consulted by a
sick traveller or one who has recently returned. In
turn, the travellers themselves must be made aware of
the available diagnostic and therapeutic facilities both
in the country of destination and in their own country.

POLICIES REGARDING PROPHYLACTIC MEASURES

General principles
Measures for preventing contact with mosquitos

are important for reducing the risk of malaria infec-
tion and for protection against other arthropod-borne
diseases. When staying in areas where malaria trans-
mission is known to occur, the traveller should apply
these measures as normal routine.

It is recommended that travellers to areas where the
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protection by chemoprophylaxis may be unreliable
should carry one or several curative doses of a stand-
by drug for self-medication, in the event of a suspec-
ted malaria infection. This is to be encouraged only
when travellers are likely to stay in remote areas (or
places where curative drugs may not be available) for
a sufficiently long period during which clinical illness
may develop. Such a practice should not take the
place of personal protective measures or stop the
traveller from seeking proper diagnosis and treatment
at the first sign of illness. This is particularly import-
ant when clinical illness is suspected in areas where
transmission of multi-resistant P. falciparum occurs.
Care should, therefore, be taken when determining
the situations in which self-medication is justified
and in the advice given to such travellers.Self-treat-
ment should not be considered by the traveller until at
least seven days after entering the endemic area-this
is the shortest usual incubation period of malaria
infections.

If chemoprophylaxis is recommended, it should be
started one week before travel to the malarious area to
detect possible early side-effects to the drug. It should
be continued for four weeks following departure from
the endemic area in order to cover the incubation
period of the large majority of P. falciparum infec-
tions and a substantial number of P. vivax infections.
The decision on whether to advise chemoprophy-

laxis and/or to carry one of several curative doses of
a stand-by drug (for emergency treatment when ill
and not within reach of diagnostic and therapeutic
facilities) will have to be made by taking into account
the following factors:
-intensity of malaria transmission in the area to be
visited and at the time of the visit;
-the Plasmodium species in the target area;
-response of P. falciparum to the drug in the target
area, drug resistance pattern, and frequency and
degree of drug resistance;
-risk of serious adverse reactions to particular
drugs;
-diagnostic and therapeutic facilities in the target
area(s);
-diagnostic and therapeutic facilities in the travel-
ler's home area.

With these factors in mind the following classifi-
cations of situations can be made according to the
need for preventive measures and emergency stand-
by treatment:

(1) Chemoprophylaxis and stand-by medicament
not recommended. Prophylactic and therapeutic
drugs are not required for travellers to areas where
transmission of malaria has not been reported or
occurs only at a very low level, and where suitable
diagnostic and therapeutic facilities are within easy

reach, e.g., the Mediterranean seabord and urban
Thailand.

(2) Chemoprophylaxis not recommended but stand-
by medicament to be available. For travellers to areas
where transmission of malaria is low and where diag-
nostic and therapeutic facilities are not readily avail-
able, e.g., parts of south-east Asia.

(3) Chemoprophylaxis is recommended but stand-
by medicament not required. For travellers to the
following areas where chemoprophylaxis would be
expected to be successful:
-areas with chloroquine-sensitive P. falciparum
(e.g., Haiti, Central America);
- areas with P. vivax and/or P. malariae only, where
chloroquine will be the prophylactic agent and no
alternative drug needs to be carried (e.g., areas in
Turkey).

(4) Both chemoprophylaxis and stand-by medica-
ment recommended. For travellers to areas where an
appreciable risk of infection with P. falciparum
exists, and where the drug used for prophylaxis may
not be effective in preventing clinical illness in an
appreciable number of cases, e.g., parts of East and
Central Africa. If adequate measures for personal
protection can be assured, it may be acceptable to rely
on these methods without any chemoprophylaxis but
with an appropriate stand-by drug.

(5) Chemoprophylaxis may be considered with or
without stand-by medicament. It is difficult to make
specific recommendations for travellers to the few
areas with serious risk of exposure to multi-resistant
P. falciparum, particularly in view of the limited
experience with drugs which may offer protection. In
these situations different options are available. If
adequate measures for personal protection can be
assured, it may be acceptable to rely on these methods
without any chemoprophylaxis but with an appropri-
ate stand-by drug. Alternatively, chemoprophylaxis
with either mefloquine or doxycycline may be con-
sidered. In the event of illness, it is imperative for
travellers to obtain treatment from a qualified medical
practitioner.

Recommendations
On the basis of the above principles, the recom-

mendations given in Table 2 can be made. At this
stage, however, the information on which these re-
commendations are based is incomplete and the
opinions of experts vary. The use of appropriate
personal protection measures is, nevertheless, re-
commended in all situations in which malaria trans-
mission occurs.
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Table 2. Levels of risk and chemoprophylactic regimens

Area to be visited' Measures to be taken

Risk of falciparum
Drug resistance infection Prophylactic drug Stand-by treatment drugb Footnotec

None Very low None None 1

None Low to high Chloroquine 300mg weekly None 2

None, but bordering High Chloroquine 300mg weekly, None 3
on areas with or chloroquine 300 mg
chloroquine resistance weekly + proguanil 200 mg

daily

Chloroquine chiefly Low to moderate Chloroquine 300 mg weekly Combination of pyrimethamine + 4
+ proguanil 200 mg daily, sulfadoxine or sulfalene;
or chloroquine 300 mg or mefloquine; or quinine
weekly, or none

Chloroquine chiefly High Chloroquine 300 mg weekly, Combination of pyrimethamine + 5
or none sulfadoxine or sulfalene;

or mefloquine; or quinine

Chloroquine, Low or very low None Mefloquine; or quinine 6
pyrimethamine/
sulfadoxine,
sometimes others

Chloroquine, High or None, or mefloquine Quinine or mefloquine (when 7
pyrimethamine/ moderately high 250 mg weekly, prophylaxis is not used)
sulfadoxine, or doxycycline
sometimes others

c In view of the changing epidemiological situation, readers desiring details on any countries to be visited should consult up-to-date publications issued
by the appropriate authorities in the country concemed or the Vaccination Certificate Requirements and Health Advice for Intemational Travel, which is
published annually by WHO.

° This is only encouraged when travellers are likely to be in remote areas, or areas where curative drugs may not be available, for sufficiently long
periods during which clinical illness may develop. The decision to carry such a stand-by treatment drug should not take the place of other protective
measures or stop the traveller from seeking proper diagnosis and treatment at the first sign of illness. Such a decision should therefore be based on the local
accessibility and quality of the health services as well as drug availability.

c Footnotes:
1. This represents the situation of travel to countries with a malaria risk, but with a very low risk of infection. It is considered that the risk of side-effects

from chemoprophylaxis, however minute, will outweigh the possible benefits. Travellers should therefore remember that they may become infected and,
in case of illness within the first month after retuming, they should mention to their physicians that they had been travelling.

2. In the absence of chloroquine-resistant P. falciperum but where there is a significant malaria risk, adequate protection against all species of malaria
parasites is provided by 300 mg chloroquine weekly. This is therefore suitable for areas of pure P. vivax infection (e.g., in Anatolian Turkey) and for
P. falciparum infection (in Honduras and other parts of Central America). It provides a suitable and safe prophylactic also for westem Asia.

3. In areas of high transmission bordering on zones with chloroquine-resistant P. falciparum, 300 mg chloroquine weekly plus 200 mg proguanil daily
is recommended by certain groups on the grounds that (i) proguanil provides some causal prophylactic activity, and (ii) since chloroquine resistance is likely
to spread, this recommendation avoids the need for hasty drug changes in the future. It is applicable particularly to the resistance-free countries in West
Africa bordering on Central Africa.

4. In areas of low transmission and where chloroquine-resistant P. falciparum occurs, it is considered desirable to use low-toxicity chemoprophylaxis,
e.g., either proguanil and chloroquine or chloroquine alone. This may be accompanied, where appropriate, by keeping a treatment drug in the pocket in
reserve. If personal protection measures can be assured it may be acceptable to rely on such methods without any chemoprophylaxis but with an
appropriate treatment drug in reserve.

5. The rationale for the use of chloroquine with proguanil, together with a suitable stand-by treatment drug in appropriate cases, is given in footnotes
3 and 4. The high risk of malaria in these areas has led certain countries (Switzerland and Austria) to recommend the prophylactic use of a combination of
pyrimethamine and sulfadoxine since a high incidence of side-effects to this combination has not been recorded in travellers from these countries. Most
other countries are reluctant to make such a recommendation.

6. In areas of low risk of malaria infection and where P. falciparum is resistant to chloroquine and to sulfadoxine/pyrimethamine, it is recommended
that travellers should not use chemoprophylaxis, but apply strict mosquito protection measures and pay strict attention to any febrile illness that begins
later than 7 days after entry into the transmission area. The option of not using chemoprophylaxis should be considered principally in situations where the
available, effective drugs have an appreciable risk of toxicity, and when the traveller can be adequately educated on the measures to be taken in case of
febrile illness, including seeking medical care and/or self-medication with any appropriate antimalarial.

In all areas of multidrug-resistant P. falciparum, P. vivax is co-indigenous. The use of chloroquine prophylaxis combined with the carrying of a stand-by
treatment drug, which would be effective against P. fakiparum, may therefore be considered. The travellers must understand that they are at risk of
contracting malaria, and they must be familiar with the appropriate indications for self-medication.

7. Little experience has been obtained with the prophylactic use of mefloquine. Some authorities recommend the use of doxycycline (Vibramycin) at
a dose of 100 mg daily, beginning on entry into the area of transmission of multidrug-resistant P. falciparum, and continuing for 4 weeks after departure.
Preliminary results indicate that doxycycline is a highly effective chemoprophylactic against both P. falciparum and P. vivax in Thailand. Potential side-
effects include photosensitivity, oesophagitis, and fungal vaginitis, and the drug is contraindicated during pregnancy and in young children. Experience with
this drug as an antimalarial is limited. Thus some authorities are recommending that reliance be placed on personal protection methods and on making
travellers aware of the fact that, in case of illness, they should immediately seek appropriate treatment from a qualified medical practitioner. If this is not
possible, stand-by medication with mefloquine or quinine should be carried.
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Special groups

It is recommended that pregnant women, very
young children, and the very old should carefully
consider the need to travel to areas where transmis-
sion of P. falciparum, particularly drug-resistant
parasites, occurs. If such travel is unavoidable, these
persons should be provided before their departure
with the addresses of reliable medical services in the
country of destination or be covered by insurance for
emergency repatriation. Persons known to be hyper-
sensitive to any antimalarial drug or who are taking
other drugs should consult a physician with special-
ized knowledge of the problem before their departure
and consider whether thejourney is essential. Persons
who are immunodeficient or with diseases such as
lymphoma, leukaemia (even in remission) or Hodg-
kin's disease should ensure that adequate medical
care is available at their destination and should seek
such care immediately in the case of illness.

Coordination and standardization ofpolicies
Mechanisms for providing recommendations

on malaria prophylaxis exist in many non-endemic
countries, but they vary considerably from one

country to another. Usually these recommendations
are made by individual countries, except for the
Scandinavian and East European groups of countries;
each ofthese groups has ajoint recommendation body
to advise their governments. Every country has its
own priorities which should be considered when
making its own policies since the risk of malaria
infection may vary in different groups of travellers.
However, the methodology for drawing up recom-
mendations by advisory expert groups and the poli-
cies made by governments of non-endemic countries
have urgently to be standardized in order to prevent
confusion, particularly among travellers who are at
risk. Moreover, differences may also exist between
endemic countries and the country of residence of the
traveller with regard to their recommendations for
prophylaxis and treatment.

Policies should be based on adequate assessments
of risk-benefit analyses and require reliable and
regular revision since the malaria situation is complex
and always changing. Data bases incorporating sound
epidemiological principles for the formulation of
these policies have begun to be established in several
countries but not all non-endemic countries can have
their own data bases or the facilities to maintain them.
International cooperation is therefore essential to pro-
vide the necessary infrastructure to assist individual
governments to protect their travellers.

RECOMMENDATIONS

The following list does not indicate any order of
priority.

(a) Malaria surveillance information from endemic
countries that are frequently visited should be re-
fined, with particular attention to the periods and
intensity of transmission, malaria species present,
drug-resistance patterns of the malaria species, geo-
graphical areas within the country where risk of
infection exists, and whenever possible, information
on incoming travellers. WHO should request and col-
late such data from endemic countries.

(b) The malaria surveillance systems in non-
endemic countries should obtain standardized and
comparable information on each case of imported
malaria, including as a minimum: age; sex; nation-
ality; place of residence; date and place of onset of
illness; infecting Plasmodium species; purpose,
date(s) and place(s) of travel; history of blood trans-
fusion(s); drug(s) used for prophylaxis and treatment;
and the outcome of the infection. Each case needs
to be confirmed on the basis of blood-slide ex-
amination by an appropriate reference laboratory or
other competent laboratory. This information should
be analysed further to identify the groups of travellers
at special risk.

(c) The sensitivity of established and new surveil-
lance systems should be determined. More precise
data on the numbers of travellers to endemic countries
and the actual prophylaxis regimens they are using
are particularly needed.

(d) The most frequent travel destinations in en-
demic countries known to be without risk of malaria
should be listed in the WHO publication, Vaccination
certificate requirements and health advice for inter-
national travel, which is revised every year.

(e) Methods for the collection of information that
can be used to determine and monitor, on the one
hand, the risk factors relevant to malaria prophylaxis
and, on the other, the changes in practices of pro-
tection against malaria infection and their impact
should be developed, evaluated, and standardized in
order to calculate the risk factors and to achieve
comparability of practices. This includes the stan-
dardization of methodology for traveller surveys.

(f) Methods of collecting and disseminating data
on the number of travellers visiting malarious
countries should be improved.

(g) Since adverse reactions to antimalarial drugs
may markedly affect compliance with their chemo-
prophylactic use, studies on these reactions should be
carried out to determine their frequencies and cause
as well as the influence of concomitant factors, e.g.,
use of other medications, on the risk of adverse
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reactions. Surveillance systems should be established
and the development of mechanisms, appropriate for
the detection of severe adverse reactions to anti-
malarial drugs, should be encouraged within national
drug adverse reaction reporting systems.

(h) Carefully designed studies on the efficacy
of prophylactic drugs should be carried out with
particular attention to compounds currently under
development.

(i) Criteria for the efficacy of prophylaxis should
be established.

(j) The timely and regular exchange of information
related to the epidemiology of malaria in travellers
and the prevention of imported malaria, including
that derived from traveller surveys, surveillance, and
prophylactic drug trials, should be promoted. This
may be done through meetings, newsletters and
consultations.

(k) Efforts should be made to improve the coverage
and use of the information collected and disseminated
by WHO on the responses of malaria parasites to
drugs.

*

* *
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RESUME

ELABORATION DE RECOMMANDATIONS POUR LA PROTECTION DES VOYAGEURS FAISANT
DE COURTS SEJOURS EN ZONE IMPALUDEE: MtMORANDUM DE DEUX RtUNIONS DE L'OMS

Autrefois, la chimioprophylaxie du paludisme etait consi-
d6ree comme une mesure utile et d6nuee d'effets secon-
daires serieux, de sorte qu'elle 6tait conseill6e a tous les

voyageurs se rendant dans des zones a risque. Or, la r6sis-
tance de Plasmodium falciparum a la chloroquine et a
d'autres antipaludeens ne cesse de s'etendre tandis que
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s'accumulent les preuves de la toxicitd des medicaments de
remplacement. Dans cette situation, il est difficile de pro-
poser des recommandations simples et de portde gendrale en
ce qui concerne la chimioprophylaxie. En outre, des infor-
mations contradictoires continuent d'etre donnees, ce qui
cree une certaine confusion quant aux mesures prophylac-
tiques les plus efficaces. Le present article examine les
possibilites de protection qui s'offrent aux voyageurs
appeles a faire de courts sejours (un mois au maximum) en
zone d'endemie.
Jusqu'au milieu des annees 70, les conseils donnes en la

matiere etaient fondes seulement sur la repartition geogra-
phique du paludisme dans le monde et sur des rapports
incomplets concernant la presence de P. falciparum chloro-
quinoresistant dans certaines r6gions. Compte tenu de la
situation epidemiologique actuelle du paludisme et de
l'absence de medicaments prophylactiques s(1rs et efficaces,
il est devenu indispensable d'evaluer soigneusement le
risque de contracter une infection potentiellement mortelle,
d'une part, et la toxicite et l'efficacite des antipaludeens,
d'autre part. Cette approche epidemiologique necessite la
creation de bases de donnees pour identifier les voyageurs a
risque, quantifier le risque d'infection ou de deces ainsi que
le risque d'effets secondaires des m&dicaments, evaluer
l'efficacite des medicaments ou des autres mesures de pro-
tection, comprendre la faron dont les voyageurs percoivent
ces risques et examiner les facteurs humains qui influent
sur l'application des differentes mesures de protection. La
decision de conseiller ou non une chimioprophylaxie ou
d'autres mesures de protection devra tenir compte de
l'intensite de la transmission dans la region au moment du
voyage, de l'espece de plasmodie en cause, de la sensibilite
de P. falciparum au medicament dans la region, du risque
d'effets secondaires graves associes a la prise de certains
m&licaments et de la presence de services de diagnostic
adequats, tant dans la region visitee que dans le pays d'ori-
gine du voyageur.
La situation epidemiologique actuelle et l'absence de

medicaments prophylactiques parfaitement stirs et efficaces
ont mis en lumiere l'importance des mesures de protection
contre les piqOres de moustiques (par exemple, l'utilisation
d'insectifuges, de moustiquaires, etc.) dans la prevention
des maladies, qu'il s'agisse du paludisme ou d'autres mala-
dies transmises par les arthropodes. Tout voyageur sejour-
nant dans une rdgion impaludee devrait appliquer ces
mesures de facon systematique. En outre, il est essentiel que
les voyageurs aient acces a des moyens de diagnostic et de
traitement adequats, tant dans les zones d'endemie que dans
leur propre pays. La plupart des d6ces chez les personnes
ayant fait un court sejour en zone d'endemie se produisent
apres leur retour et ils sont le plus souvent imputables a un

diagnostic tardif ou inexact.
Les voyageurs qui se rendent dans des regions oti la

chimioprophylaxie n'est pas totalement fiable (notamment
s'il s'agit de regions isolees, ou de regions oj il est difficile
de se procurer des medicaments therapeutiques) pendant
une periode suffisamment longue pour que la maladie ait le
temps de se declarer, devraient emporter une ou plusieurs
doses therapeutiques d'un m&dicament de r6serve qu'ils
pourraient s'auto-administrer en cas de crise de paludisme
soupconnee.

nI est inutile de prescrire des medicaments prophylactiques
et therapeutiques a des voyageurs qui se rendent dans des
regions oiu la transmission du paludisme n'a pas ete signalee
ou n'atteint qu'un niveau tres faible et oil les centres de
diagnostic et de traitement sont d'acces facile, par exemple
sur le pourtour mediterraneen et dans les regions urbaines
de la Thailande. Un medicament therapeutique de reserve
peut etre emporte a titre de precaution dans les regions oti la
transmission est faible mais oil les possibilites de diagnostic
sont reduites, par exemple dans certaines regions de l'Asie
du Sud-Est.
Un traitement chimioprophylactique a la chloroquine est

recommande dans les regions oil P. falciparum est encore
sensible a ce medicament, par exemple Haiti et l'Amerique
centrale, ainsi que dans les regions oti l'on ne rencontre
que P. vivax et/ou P. malariae. Un medicament chimio-
prophylactique et un medicament therapeutique de reserve
sont recommandes pour les voyageurs qui se rendent dans
une region oil i existe un risque appreciable d'infection
a P. falciparum et oti le medicament utilise a titre pro-
phylactique, par exemple la chloroquine ou I'association
chloroquine-proguanil, peut etre incapable d'empecher
l'apparition de symptomes cliniques dans un nombre
appreciable de cas, par exemple dans certaines regions
d'Afrique de l'Est et d'Afrique centrale. Si une protection
personnelle adequate peut etre assuree, on pourra s'en
contenter sans avoir recours a la chimioprophylaxie, mais il
faudra prevoir un medicament de reserve approprie.

II est difficile de formuler des recomnmandations precises
a l'intention des voyageurs qui se rendent dans les rares
regions oil il existe un risque serieux d'exposition a P. falci-
parum multiresistant, d'autant plus que l'on possede peu de
donnees sur les medicaments susceptibles d'assurer une
protection dans ces circonstances. Si une protection person-
nelle adequate peut etre assuree, on peut, comme dans le
cas precedent, se contenter de cette protection sans avoir
recours a la chimioprophylaxie, mais il faudra prevoir un
medicament de reserve approprie. On peut aussi envisager
d'utiliser a titre prophylactique soit la mefloquine, soit la
doxycycline. En cas de maladie, le voyageur devra impera-
tivement consulter un specialiste.

REFERENCES

1. BJORKMAN, A. ET AL. Plasmodium falciparum resist-
ance to pyrimethamine and chlorproguanil- host or
parasite dependent? Annals of tropical medicine and
parasitology, 74: 245-248 (1980).

2. CARSON, P. E. 8-Aminoquinolines. In: Peters, W. &

Richards, W. H. G., ed. Antimalarial drugs. II. Cur-
rent antimalarials and new drug developments. Heidel-
berg, Springer-Verlag, 1984, pp. 83-121.

3. CAMPBELL, H. Imported malaria in the UK: advice
given by general practitioners to British residents



196 MEMORANDUM

travelling to malaria endemic areas. Journal of the
Royal College of General Practitioners, 37: 70-72
(1987).

4. CENTRE NATIONAL DE REFERENCE DES MALADIES
D'IMPORTATION. Le paludisme d'importation en France
en 1985. Rapport de synthese. Bulletin epidemiolo-
gique hebdomadaire (Direction generale de la Sante,
Paris), No. 23: 89-90 (1987).

5. DANIS, M. ET AL. Pharmacocinetique de la chloroquine
a doses prophylactiques chez 10 volontaires sains-
Resultats preliminaires. Bulletin de la Societe de Patho-
logie exotique, 78: 953-958 (1985).

6. DESJARDINS, R. E. ET AL. Kinetics of a new antimal-
arial, mefloquine. Clinical pharmacology and thera-
peutics, 26: 372-379 (1979).

7. FROST, P. ET AL. Phototoxic potential of minocycline
and doxycycline. Archives of dernatology, 105:
681-683 (1972).

8. HATTON, C. S. R. ET AL. Frequency of severe neutro-
penia associated with amodiaquine prophylaxis against
malaria. Lancet, 1: 411-414 (1986).

9. KRUGER-THIEMER, E. ET AL. Dosage regimen cal-
culation of chemotherapeutic agents. Part 5. 2-sul-
fanilamido-3-methoxy-pyrazine (sulfalene). Chemo-
therapy, 14: 273-302 (1969).

10. LOBEL, H. 0. ET AL. Fatal malaria in US civilians.
Lancet, 1: 873 (1985).

11. LOBEL, H. 0. & CAMPBELL, C. C. Malaria prophy-
laxis and distribution of drug resistance. Clinics in
tropical medicine and communicable diseases, 1:
225-242 (1986).

12. LOBEL, H. 0. ET AL. Use of malaria prophylaxis by
American travellers to Africa and Haiti. Journal ofthe
American Medical Association, 257: 2626-2627
(1987).

13. LOBEL, H. 0. ET AL. Efficacy of malaria prophylaxis
in American and Swiss travellers to Kenya. Journal of
infectious diseases, 155: 1205-1209 (1987).

14. REYNOLDS, J. E. F., ed. Martindale, W. The extra
pharmacopoeia, 28th ed. London, The Pharmaceutical
Press, 1982, p. 1155.

15. MILLER, K. D. ET AL. Severe cutaneous reactions
among American travellers using pyrimethamine-sul-
fadoxine (Fansidar@) for malaria prophylaxis. Ameri-
can journal of tropical medicine and hygiene, 35:
451-458 (1986).

16. NEFTEL, K. A. ET AL. Amodiaquine-induced agranulo-
cytosis and liver damage. British medicaljournal, 292:
721-723 (1986).

17. PANG, L. W. ET AL. Doxycycline prophylaxis for falci-
parum malaria. Lancet, 1: 1161-1164 (1987).

18. PATCHEN, L. C. ET AL. Analysis of filter-paper ab
sorbed, fingerstick blood samples for chloroquine and
its major metabolite using high-performance liquid
chromatography with fluorescence detection. Journal
of chromatography, 278: 81-89 (1983).

19. PETO, T. E. A. & GILKS, C. F. Strategies for the pre-
vention of malaria in travellers: comparison of drug

regimens by means of risk-benefit analysis. Lancet, 1:
1256-1260 (1986).

20. PHILLIPS-HowARD, P. A. ET AL. Malaria prophylaxis:
survey of the response of British travellers to pro-
phylactic advice. British medical journal, 293:
932-934 (1986).

21. RHODES, E. G. H. ET AL. Amodiaquine-induced
agranulocytosis: inhibition of colony growth in bone
marrow by antimalarial agents. British medical jour-
nal, 292: 717-718 (1986).

22. RIECKMANN, K. H. ET AL. Antibiotics. In: Peters, W.
& Richards, W. H. G., ed. Antimalarial drugs. II.
Current antimalarials and new drug developments.
Heidelberg, Springer-Verlag, 1984, pp. 1443-1470.

23. ROMBO, L. ET AL. Does chloroquine contribute to the
risk of serious adverse reactions to Fansidar? Lancet,
2: 1298-1299 (1985).

24. SCHOLER, H. J. ET AL. Sulphonamides and sulphones.
In: Peters, W. & Richards, W. H. G., ed. Antimalarial
drugs. II. Current antimalarials and new drug de-
velopments. Heidelberg, Springer-Verlag, 1984, pp.
123-206.

25. SCHWARTZ, D. E. ET AL. Kinetic studies of mefloquine
and of one of its metabolites, Ro 21-5104, in the dog
and in man. Acta tropica, 37: 238-242 (1980).

26. SEREMBE, M. A multicentre trial of alpha-6-desoxy-
5-oxytetracycline (doxycycline). Chemotherapy, 21
(Suppl. 1): 121-129 (1975).

27. STEFFEN, R. & HEUSSER, R. Fiabilit6 et effets secon-
daires de la prophylaxie du paludisme. Mkfdecine et
hygiene, 44: 2125-2127 (1986).

28. STEFFEN, R. & SOMAINI, B. Severe cutaneous reactions
to sulfadoxine-pyrimethamine in Switzerland. Lancet,
1: 610 (1986).

29. UNDP/WoRLD BANK/WHO UPDATE. Development of
mefloquine as an antimalarial drug. Bulletin of the
World Health Organization, 61: 169-178 (1983).

30. VENNING, G. R. Identification of adverse reactions to
new drugs. IV. Verification of suspected adverse re-
actions. British medicaljournal, 286: 544-547 (1983).

31. VENNING, G. R. Identification of adverse reactions to
new drugs. III. Alerting process and early-warning
systems. British medical journal, 286: 458-460
(1983).

32. WATKINS, W. M. ET AL. A preliminary pharmaco-
kinetic study of the antimalarial drugs, proguanil and
chlorproguanil. Journal of pharmacy and pharma-
cology, 39: 261-265 (1987).

33. WEIDEKAMM, E. ET AL. Plasma concentrations of pyri-
methamine and sulfadoxine and evaluation of pharma-
cokinetic data by computerized curve fitting. Bulletin of
the World Health Organization, 60: 115-122 (1982).

34. PHILLIPS-HOWARD, P. A. ET AL. Malaria in Britain,
1977-1986. British medical journal, 296: 245-248
(1988).

35. PAPPAIOANOU, M. ET AL. A quantitative approach to
recommendations on malaria prophylaxis. Bulletin of
the World Health Organization, 66: (in press).


