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Malaria is a common and serious tropical disease. It is a public health problem in some 90
countries worldwide, inhabited by nearly 40% of the world population, i.e. over 2 billion
people (1993 figures). It has been estimated that malaria incidence may be in the order of
300-500 million clinical cases globally each year. Countries in tropical Africa account for
more than 90% of these. Estimates of malaria mortality vary from 1.5 to 2.7 million
deaths worldwide per year, with some 100 000 deaths occurring outside Africa.

In this chapter, human and parasite factors influencing malaria transmission will be
presented, followed by an example of how these factors intertwine in the historical
evolution of the malaria distribution over the last century. In the second half of the
chapter the present geographic distribution of the malaria problem is described along with
the epidemiology of drug-resistant malaria. The chapter concludes with epidemiology in
practice: major epidemiological types, high risk population groups, management
information needs for malaria control, and the bare epidemiological necessities for district
health officers.

Human malaria parasites and factors influencing malaria transmission

Plasmodium parasites, people, Anopheles mosquitos, and the environment all have a
profound influence on the transmission potential for malaria infection. Some of the factors
influencing transmission are inherent to the malaria species, their mode of transmission
and the physical environment. Other factors are man-made, including development and
malaria control efforts, which can have positive or negative effects on the transmission
potential. Man-made factors such as war, migration, vector resistance to insecticides and
parasite resistance to drugs invariably enhance malaria transmission, or at least make its
control more difficult and expensive.

a. Malaria species and mode of transmission. Four species of Plasmodium

protozoa cause malaria in humans: P.falciparum, P.vivax, P.ovale and P.malariae. The
species differ in many ways, some of which have a direct bearing on transmission and dis-
tribution patterns. Malaria parasites are normally transmitted from one person to
another through infective bites of Anopheles mosquitos. The source of infection can be
either a sick person or an otherwise symptomless carrier of parasites. The form of the
parasite that can infect mosquitos is the gametocyte. Gametocytes start developing in red
blood cells in capillaries of the inner organs of infected persons after the invasion of the
blood by merozoites. Mature gametocytes appear in the peripheral blood some 3 days
(P.vivax) to 10 days (P.falciparum and P.malariae) later, ready to be picked up by a
mosquito. In P.vivax and P.ovale infections a non-immune patient will thus be infectious
to mosquitos at or shortly after the onset of clinical symptoms. In P.falciparum infections
the patient becomes infectious only after several days when the mature gametocytes
appear in the peripheral bloodstream. Persons in highly endemic areas who have been
repeatedly infected with malaria acquire a degree of immunity to malaria which



suppresses most clinical symptoms. These people may still carry gametocytes in their
blood that will infect the mosquitos biting them. Antimalarial drugs such as chloroquine
and mefloquine that are prescribed to cure malaria infections do not eliminate mature
P.falciparum gametocytes from the bloodstream. A person who has been successfully
treated with antimalarial drugs may thus be healthy but infective for up to two months
until the P.falciparum gametocytes die off naturally, or until another drug such as
primaquine is given that does eliminate the mature gametocytes.

The incubation period in malaria covers the time between infection and first appearance of
clinical signs, of which fever is most common. The length of the incubation period
depends on the infecting species and is usually between 9 and 30 days, shortest for
P.falciparum, longer for P.malariae. In some strains of P.vivax the incubation period may
last 8-9 months: perfectly suited to seasonal transmission in colder climates with a short
transmission season.

In the case of P.vivax and P.ovale, some parasites remain dormant in the liver for many
months. Relapses caused by these persistent liver forms (hypnozoites) may appear
months, and occasionally up to 4 years after exposure, bringing with it the risk of delayed
transmission of the infection to others. P.malariae, like P.falciparum, does not have
persistent liver forms. However, un-treated or partially treated blood infection with
P.malariae may be present for many years, perhaps for life with or without clinical
symptoms. Untreated P.vivax and P.ovale infections may linger on (and remain infec-
tious) for 1 1/2 to 5 years, untreated P.falciparum 1-2 years. In areas with emerging drug-
resistant P.falciparum, recrudescences of the infection may occur up to a month or more
after what initially seemed to be a successful clinical cure.

Malaria can also be transmitted via blood transfusions. This can accidentally happen if a
person donates blood before the onset of clinical symptoms, after merozoites have entered
the blood stream from the liver. Blood donations from P.malariae carriers and
(semi)immune persons without clinical symptoms may also contain malaria parasites. In
certain cases this has given rise to malaria outbreaks in paediatric wards of urban
hospitals, most notably concomitant with dengue haemorrhagic fever epidemics when
many children receive transfusions.  Similarly, malaria may be transmitted by
contaminated needles and syringes. Relapses do not occur in relation to transfusion
malaria. In congenital malaria, which is comparatively rare, parasites are transmitted from
mother to child before and/or during birth.

All non-immune persons, regardless of age or sex, are susceptible to malaria infection.
The only exceptions are the indigenous populations of Western and to some extent Central
Africa, whose erythrocytes lack the Duffy blood group antigens which are essential for
penetration of P.vivax into erythrocytes. Other genetic anomalies such as the sickle cell
trait, ovalocytosis, glucose-6-phosphate dehydrogenase (G-6-PD) deficiency, and
thalassaemias alter but do not restrict malaria transmission. They may offer some
protection against severe falciparum malaria.

Ambient temperature, Temperature is an important factor which, through its effect on
the development of the malaria parasite in the vector and its effect on the development
of the vector itself, greatly influences the geographical distribution of malaria
transmission in general and malaria parasite species in particular. Female Anopheles



mosquitos ingest malaria gametocytes when taking a blood meal from an infected
person. The parasite needs a period of development in the mosquito before it can
infect other people again. The length of this extrinsic sporogonic cycle depends on
the Plasmodium species and the ambient temperature. The development of P.falci-
parum in the female adult Anopheles mosquito requires a minimum temperature of
20°C whereas the other human malaria species can develop at temperatures down to a
minimum of 16°C. Above the minimum temperature the development of the parasite
in the vector accelerates with increasing temperature. The duration of sporogony at
optimum temperatures for P.falciparum is 8-10 days. It is somewhat less for P.vivax.
Sporogony of P.malariae and P.ovale takes longer, and only a minority of vectors
live long enough to transmit them. Malaria epidemics may occur when conditions for
malaria transmission are marginal in terms of temperature, rainfall patterns or altitude.

Development. There are many instances where socio-economic development has reduced
malaria transmission through improvements in agriculture, housing construction, land
use, etc. The concomitant development of health services will reduce morbidity and
mortality and contribute to a reduction in transmission. However, uncoordinated
development such as in slum areas of rapid urban growth may enhance malaria trans-
mission. In ill-designed development projects the thoughtless creation of additional
mosquito breeding places may combine with large-scale migration to cause malaria
epidemics.

Control efforts. Control efforts aiming to substantially reduce transmission through
unsustainable methods may put populations at risk of epidemic malaria when control
efforts can no longer be kept up. Such may be the case in areas where the level of
endemic malaria has been reduced through time-limited large-scale vector control
programs.

War. Some recent epidemics occurred in areas of social and political upheaval or
economic distress, where health infrastructure was destroyed, control -efforts
abandoned, and large populations had to leave their homes in search of security.

Migration. Migration of non-immunes into endemic areas may lead to malaria
epidemics, as may migration of parasite carriers into non-endemic, receptive area.
Receptivity refers to an abundant presence of anopheline vectors and the existence of
other ecological and climatic factors favouring malaria transmission. Thus resettle-
ment schemes and development projects involving an influx of labour forces may lead
to malaria epidemics, as may refugee movements.

Resistance to drugs. Ineffective antimalarial drugs will not clear the parasites from the
blood, thus potentially prolonging the infective period of patients. Also, as second
line drugs tend to be more expensive, many people may no longer be able to afford a
full treatment course.

Transmission patterns - two extremes



Stable malaria is caused by the presence of a vector with a frequent man-biting habit,
with moderate to high longevity, at temperatures favourable to rapid completion of the
sporogonic cycle. With such characteristics, only very few bites per person per night
are necessary to maintain transmission. Seasonal changes will occur with changes in
temperature. Transmission stops when the ambient temperature drops below some
15°C. A seasonal increase may occur during the warm weather, starting at a relatively
low temperature and terminated by low temperature. Marked fluctuations other than
normal seasonal changes are not likely except when due to obvious causes.
Epidemics are very unlikely, except among non-immune populations arriving to the
area. The regularity of transmission is likely to ensure stable immunity, varying in
degree from place to place. Only the young children will not have experience with

malaria and thus no resistance to it - | N areas with stable nalaria
it is very difficult to reduce transmssion. The first
objective will be to reduce norbidity and nortality

t hrough early diagnosis and adequate treatnent of malaria
di sease, especially in children, and through personal
protection nethods.

Unstable malaria occurs where nalaria is transmtted by a

vector which feeds on humans only infrequently.
Consequently, high densities of Anopheles are needed to
maintain transm ssion. Endemicity and the inmunity

status of the population will differ nmarkedly by area and
over time, depending on the presence of other factors
favourabl e for propagation of nosquitos and thus mal aria
transm ssi on. Wien conditions for transm ssion becone
favourabl e, epidem cs nay occur.

n2

Epidemic nmalaria is the "malaria of non-imunes"”.
Epi dem cs occur when non-imune and partially-imune
popul ations are exposed to high rates of transm ssion.
Mal aria epidemcs, if wuncontrolled, follow a natural
cour se. The epidemc grows in a series of steps
representative of the incubation interval (the period
bet ween the occurrence of infective ganetocytes in the
primary case and their reappearance in a secondary case),
which is about 20 days for P.vivax and 35 days for
P.fal ciparum The length of the incubation interval and
the degree of the reproduction rate determne the rate of
multiplication of transm ssion, which is nmuch faster in

P.vivax epidemcs than in P.falciparum epidem cs. In
areas where both P.vivax and P.falciparum are present,
the initial stages of an epidemc will be determ ned by a

predom nance of P.vivax infections and a very gradual
Increase in severity of the epidemc, while in later
stages P.falciparumis likely to be abundant. The peak
of new infections due to P.fal ciparumepidemcs will only
be reached when sone 50% of the population at risk is
i nfected, unless climatic changes (notably col der
tenperatures) prevent further transm ssion.

Potential epidemc situations can often be identified
t hrough know edge of the epidemology of nmalaria in a



given area conbined with an awareness of socio-
econom c trends. Many epidem c prone situations wll,
by their nature, stretch across national boundaries.
Over the last years, epidemcs occurred in countries
such as Botswana, Ethiopia, Turkey, Uganda and Viet
Nam and in various refugee popul ations. Control of
malaria epidemcs involves relieving the imed ate
clinical consequences, preventing the progress of the
epidemc in tinme and space, and preventing future
recurrences. This means inproving di sease managenent
and providing sone form of transmssion control.
Control of epidemcs and reduction of nortality becone
difficult as epidemcs tend to occur in |less
accessi bl e areas without regular health services.

Historical evolution of malaria distribution’

Anci ent records suggest that a disease simlar to nalaria
was | ong known. Ref erences to seasonal and intermttent
fevers exist in ancient Assyrian, Chinese, Egyptian, and
Indian religious and nmedical texts. \Wether they actually
describe malaria renmains uncertain. H ppocrates, in the
fifth century B.C., nmade the Iink between the appearance of
the di sease and the season of the year or the places where
his patients 1|ived. He described in detail the clinical
picture of nmalaria and sone conplications of the disease.
Wl |l over 2000 years later, in 1880, Laveran, a French arny
surgeon in Algeria, was the first to see and describe
mal aria parasites in the red blood cells of nan.

Wiere the malaria parasite originated from has not been
general | y agreed upon. Bruce- Chwatt (1985) concluded that
the disease probably originated in Africa, where nman
acquired the infection from primates and spread it to
Europe, Mesopotam a, India, and SE Asia. The reverse has
al so been argued: that the origin of primate malarias was
in Asia and that nman has been responsible for the spread of
the parasites to African and New Wrld prinmates’. To the
present date chinpanzees and gorillas remain the natural

reservoir for P.nmalariae. How malaria arrived in the New
Wrld renmains unclear. It is speculated that P.vivax and
P.mal ari ae were brought from SE Asia to S Anerica by pre-
Col unbi an travellers. P.fal ci parum was then introduced

much | ater by Spani sh col oni zers and African sl aves.

CGeographi cal boundaries of nmalaria transm ssion are not
constant: they have changed over the centuries with changes
in global climate, mgration of populations to previously
uni nhabited areas, and the node of life. The distribution
of malaria wthin the geographical boundari es of
transm ssion is simlarly changing.

Mal ari ol ogi cal surveys carried out around the turn of the
century suggest that malaria at that tine probably
approached its broadest range of distribution (Map 1). The
di sease was recorded as high as 2850m above sea level in
Taji kistan, and as |ow as 400m bel ow sea level in the Dead
Sea area. At that tine, the inpact of anti-mnalarial



activities and social and economc devel opnment was still
l[imted, and the boundaries of malaria distribution were
determ ned by natural factors relating to the propagation
of Anopheles nosquitos and the nalaria parasites in them
Anophel es was absent in Antarctic, parts of Arctic region,
and higher nountain ranges, due to unfavourable conditions
for their propagation. Natural Dbarriers prevented the
spread of Anopheles to Pacific Ccean Islands such as New
Zeal and, Anerican Sanoa, Tonga, Cook, @uam Fiji and New
Cal edoni a. I ndi genous malaria was also absent from areas
where, although Anopheles was present, the average anbient
tenperature was too low for the parasite to conplete the
sporogonic cycle, and thus for the vector to transmt
mal aria ("Anophelismw thout malaria”). Wthin these broad
geographi cal boundaries the distribution of the nmalaria
probl em was very uneven, underlining the focal nature of
the disease. The nost intensive malaria transm ssion
occurred in areas of tropical Africa and Papua New Cuinea
where the equatorial climate provided year-round favourable
conditions for nosquito survival, man-nosquito contact and
conpl etion of sporogony. Mar ked seasonal variations in
mal aria intensity were observed in other parts of the (sub-
Jtropical belt, and an epidem c tendency was recorded in
areas towards the wedge of the malaria distribution.
Mal aria was concentrated on the plains, in nountain
valleys, and foothills where an abundance of breeding
pl aces favoured the propagation of Anopheles popul ations.
Wth increasing altitudes the nosquito fauna became |ess
diverse and nosquito breeding places and densities
decr eased. This, in conbination with a reduction in
tenperature with altitude, mnade that nalaria ceased to
exist at altitudes over 1500m above sea level in nost
mal ari ous areas. Mal aria was also absent in desert areas
where conditions for nosquito breeding and survival are
particularly difficult. However, it was present in oases
wher e under ground wat er caverns enabl e nosquito survival.

Both the first and second Wrld VWar (WNY and VWNI)
i nfl uenced the distribution of nalaria. Soon after VWN an

extensive epidemc occurred in Russia. O her nmalaria
out breaks occurred in countries such as England, France,
Germany, and Italy. Soci al upheaval caused by the war

conbined with favourable climatic conditions to enhance
transm ssion. Between WN and WNI considerable social and
econom cal devel opnent took place in Europe, parts of Asia,
and N Anmerica. Changes included inprovenents in
agriculture, housing construction, increased urbanization,
and |land reclamation notably in Italy and Hol |l and. Thi s,
together with wider availability of quinine, resulted in a
considerable reduction in the intensity of the nmalaria
problemin Europe and N Anerica. As a result, by the start
of WWI the malaria conditions of Europe and N. Arerica were
quite different to that at the tinme of VWW. Follow ng WNI
the spread of nalaria was greater, but of lower intensity
than the spread which followed WN. VWV I extended well
into N Africa and Asia. Mlitary personnel acquired
malaria in these areas and brought P.vivax, P.falciparum
and P.nmal ariae back to Europe and Anerica. The difference



in intensity of malaria following the two Wrld Wars can be
attributed to social and economc changes and to inproved
chenoprophyl axis and personal and group protection anong
the troops, particularly after 1944 with the advent of DDT
for malaria control. Prior to WN the spread and intensity
of the malaria problem within its boundary of distribution
was mainly determned by natural factors. Bet ween the two
Wrld Wars, at least in Europe and N Anerica, this dis-
tribution was to a considerable degree determ ned by the
pace of social and econom c developnent and to a |esser
extent by organized mal aria control operations.

After the end of WNI the situation changed drastically.
Resi dual insecticide spraying was introduced for nalaria
control, and new synthetic antimalarial drugs becane
available for treatnent. As a result of the selective use
of these new powerful tools, together with the progress in
soci o-economc and health services developnent, nalaria
practically disappeared from Wstern and Central Europe,
N. Arerica, Chili, Japan, and from the northern and centra
parts of the USSR By the end of the 1950s a popul ati on of
about 220 mllion, sone 20% of the total population living
in malarious areas, had been freed from the risk of the

di sease. This, together wth successes wth residual
insecticides for malaria control in some countries wth
(sub-)tropical climtes (notably British Guyana, G eece,
Italy, Taiwan, and Venezuela), led to the belief that

mal aria could be eradicated in a relatively short tinme from
nost of the malarious areas in the world.

In May 1955, the 8th Wrld Health Assenbly decided that WHO
should take the initiative in developing an internationa

programme ainmed at the worldw de eradication of nmalaria.

The possibility of interrupting nmalaria transmssion wth
residual insecticides in the nost intense malaria foci of
tropical Africa was still unproven, and this part of Africa
was tenporarily excluded from the gl obal programme. Thus
the nost severe nalaria problens in the world were |eft
unattended, while the nore "doable" areas were approached
first. The concept of nalaria eradication depended heavily
on the use of DDT and the availability of chloroquine. The
extensive vertical eradication programmes used a "blanket"
approach, oblivious to the focal nature of the epidem ol ogy
of malaria disease. The global nmalaria eradication
programe, an effort of unprecedented magnitude, attracted
over 200 mllion US$ in international assistance during the
ensui ng 10 years.

By 1968, as a result of the intensive internationa
efforts, the geographic area of malaria betwen its
nort hernnost and sout hernnost boundaries was considerably
narrowed, and within these boundaries the distribution and
intensity of the malaria problem were greatly reduced.
Mal aria was eradicated from Europe, the USSR Australia,
Tuni sia, Libya, Lebanon, Jordan, Israel, the Korean Penin-
sula, fromall islands with a sub-tropical climate and from
many islands wth a tropical <climte, including the
Cari bbean islands (except Haiti), Mauritius, Reunion,



Taiwan, etc., and from nost of the nmalarious areas of
Argentina and South Africa. P.fal ciparum was the first
species to disappear from the former fringe areas of the
geographic range and from nmany areas or countries with a

sub-tropi cal clinmate ( N. Mexi co, Argenti na, S. Brazil,
Al geria, Mrocco, Turkey, Syria, lrag, N Iran, Afghanistan,
Nepal, N. China, Korean Peninsula, N Viet Nanj. I n nmany
t ropi cal countries t he proportion of P. fal ci parum

infections was nmarkedly decreased, to the Ilevel where
P.vivax becane the dom nant speci es. Only in areas where
malaria was not anenable to control with residual
i nsecticides, due to exophily of vector populations, poor
housi ng and/ or intensive popul ation novenents, P.falciparum
remai ned the predom nant speci es. P.mal ariae usually fell
into the same pattern of disappearance as P.falciparum
t hough occasional indigenous P.nalariae cases continued to
be reported even from areas where nalaria was eradicated

l ong ago. Wth sone exceptions (Amazonian Region of
Brazil, Colonbia, Haiti, Surinam and sone areas of Laos,
S. Viet nam Canbodia, Manmar and Thail and), P.vivax becane
the major species. In tropical Africa the malaria

distribution and preval ence remained practically unchanged
with the majority of nalaria cases being due to P.falcipa-
rum

In the early seventies the concept of nalaria eradication
had to be abandoned for various reasons, including
t echni cal probl ens, as parasites becane increasingly
resistant to drugs, and nosquitos resistant to insecti-
ci des. Besides, the logistics and resources involved in
eradi cation programmes were too heavy a drain for many
nati onal health budgets. Wen the Wrld Health Assenbly in
1969 decided to re-examne the malaria eradication
strategy, donors quickly responded with a wthdrawal of
funding from the progranme. Many national programmes in
devel oping countries had already exhausted their capabil -
ities to inprove the situation further or nmaintain the
mal ari a-free status. The economc crisis at the beginning
of the 1970s, which heavily affected the devel oping coun-
tries, led to a another considerable reduction in
antimalarial activities. Prices of insecticides and drugs
becane unaffordable, even nore so where DDT resistance and
chl oroqui ne resistance necessitated the purchase of nore
expensi ve alternatives. As a result, nalaria started a
gradual and in sonme instances dramatic coneback in many
Asian and Latin American countries from where nalaria had
not been conpletely eradicated. The mgjority of "post-
eradication' nmalaria epidemcs were due to P.vivax.
However, wthin a short period of tinme after the re-
establishment of nalaria transm ssion P.falciparum usually
reappeared, with the exception of countries in Asia Mnor.

Recent years have seen an intensification of nmalaria

transm ssi on in many previously | ess affected or
unpopul ated areas: agricultural devel opment areas, jungle
areas WwWth open mning, i ndustri al and agricul tural

devel opnent projects, peri-urban settlenments of explosive
popul ation growth, areas with socio-political disturbances,
civil wars and refugee novenents, and so forth. In nost of



these areas P.falciparum has becone the predom nant
speci es. The northern and southern limts of P.vivax and
P.falciparum distributions are now alnost identical.
P.mal ariae has a very patchy global distribution, and is
common along the equatorial belt in Africa with relative

preval ences as high as 25% P.ovale is restricted to
tropical Africa, with rare cases recorded from countries in
SE Asia and the Pacific. Its relative prevalence is

generally low (between 0.1 and 10%, but may be sonewhat
higher in forest and coastal regions. The relative preva-
l ence of malaria species is fairly stable through the year
in areas with perennial transm ssion, but may vary in areas
with seasonal transm ssion®. Thus the distribution and
intensity of the nmalaria problem are currently governed by
natural factors, by the pace and direction of social and
econom ¢ devel opnent including the health sector, and by a
country's capability to organize and sustain epidem ol ogi-
cally sound mal aria control activities.

In 1945, only 30% of the world s population was estinmted
to live in areas free from nmalaria transm ssion. By 1959,
just after the start of the world-wide nmalaria eradication
canpaign, this percentage had increased to 43% In 1968

at the height of the malaria eradication canpaign, 53% of
the world's population was free frommalaria risk. By 1982
this percentage had gone down again to 44% In 1993,
mainly on account of the eradication of malaria from the
nost populated areas of China, 64% of the worlds
popul ation was estimated to live in areas free frommalaria
transm ssi on. Qovi ously, since the world population has
been growing from 2.9 billion in 1959 to 5.5 billion in

1993, the absol ute nunber of people exposed to nmalaria risk
is still a staggering 2 billion, conmpared to 1.7 billion in
1959.

Several international regulations remain to help contain
the spread of malaria and its vectors. These include the
di sinsection of aircraft before departure or in transit;
di sinsection of aircraft, ships and other vehicles on
arrival if the health authority at the place of arrival has
reason to suspect inportation of nmalaria vectors; and the
enf or cenent and mai nt ai ni ng of rigid antinosquito
sanitation wthin the nosquito flight range of all ports
and airports. In special circunstances antinalarial drugs
may be admnistered to potentially infected mgrants,
refugees, seasonal workers, and persons taking part in
periodic mass novenent into areas or countries where
mal ari a has been el ininated’.

Present geographic distribution of malaria problem (Map 2)°.

In Africa south of the Sahara nalaria remains one of the
worst public health problens. It is estimated that 270 to
480 mllion clinical malaria cases occur annually, some 140
to 280 mllion of them occurring in children under 5 years
old. Only a fraction of nmalaria cases are reported. More
than 90% of the population in the WHO African Region |ive
in areas where they are at risk of getting nmalaria, wth




74% of the population living in highly endemc areas where
malaria transmssion is intense and perennial (equatorial
and tropical forests and Sudanese savannas at altitudes up
to 1000 mwith an average rainfall over 2000mmyear). At
altitudes over 1500m and rainfall below 1000nm year,
endemcity decreases and the potential for epidemc

out breaks i ncreases. P.falciparum is the predom nant
species in the highly endemc areas, where sone 30% of
febrile illnesses are attributable to nalaria. Mortality

is concentrated in the younger age groups. Anong children
referred to hospitals with severe nalaria, case fatality
rates of 10-30% have been reported. In rural areas wth
l[ittle access to adequate treatnment these rates mght be
even higher. Overall, malaria produces considerable inpact
on the health of young African children, |eaving neurol ogi-
cal sequel ae, I ncreasi ng susceptibility to ot her
i nfections, and hanpering devel opnent.

In the WO Eastern Mditerranean Region, a group of
countries stretching from Morocco to Pakistan, about 45% of
the population live in areas where they are at risk of
P.fal ci parum and P.vivax transm ssion. Anot her 15% is at
risk of P.vivax alone. It is estimated that sone 13
mllion cases of malaria occur annually in the region, the
large majority caused by P.falciparum  Sonme 35,000 deaths
are estimated attributable to malaria, occurring chiefly in
Sudan, Sonmalia and Yenen. Over 95% of nmalaria cases occur
in just five countries: Sudan, Somalia, Yenen, Afghanistan
and Iraq. In these countries, as well as in Dibouti,
wi despread poorly controlled malaria is due to extrenely
favourable conditions for transm ssion, and/or disruption
of control programes due to war and political instability.
In the remainder of countries malaria is under nore or
less firm control or has been interrupted altogether. In
Irag, Mrocco and Syria P.falciparum has been selectively
eradi cated, with P.vivax transm ssion renaining’.

Mal aria transmssion is a public health problemin 21 coun-
tries and territories in the Anericas. During 1993, a
total of alnmost a mllion mcroscopically confirmed nalaria
cases (P.falciparum and P.vivax) were reported, a slight
decrease conpared to previous years. However, records of
the actual nunber of nmalaria treatnments admnistered
through the health services indicate incidences sone five
times higher. Taking into account that the private sector
and self-treatnents are not included in these data,
officially confirmed nalaria cases appear to be only a
small portion of the actual nunber of patients wth
mal ari al disease. Nearly half of the cases were registered
in Brazil; a third originated from the Andean countries
(Bolivia, Colonbia, Ecuador, Peru, Venezuela) and al nost
one sixth from Central America and Mexico. Wiile the
overal|l proportion of registered P.falciparum infections
declined slightly to sonme 30% in 1993, their proportion
increased in Bolivia, Ecuador, French Guiana, Quatenala,
Mexi co, Peru and Venezuel a. Alnost two-thirds of all
fal ci parum infections detected in the Anericas occurred in
Brazil .




During the last 3 years, the overall nunber of nalaria
cases reported in the WHO South East Asia Region renained
stable at 2.6 to 2.7 mllion cases annually. I ndi a
represents some 80% of these recorded cases. The real
malaria incidence may be about 6-7 times higher,
representing between 16 and 19 mllion nalaria cases
annually, of which nore than half are falciparum nmalaria.
Most of the malarious areas, accounting for nearly half of
the total nunmber of cases, are situated in forests, forest-
fringe areas, forested hills, devel opnent project areas and
their surroundings. Due to the exploitation of natural
resources forests beconme nore accessible and novenents of
popul ations with low imunity into such areas result in
mal aria epidem cs. Many such areas are close to the
international borders. Their population is very nobile and
the peripheral health structure is |acking and inadequate
for the early diagnosis and treatnent of nalaria. The
world's worst nulti-drug resistance problens occur in such
areas, especially in border areas between Thailand and
Myanmar and Thail and and Canbodi a. Sone areas in South
East Asia rely for malaria control on extensive vector
control operati ons, | eavi ng t he mal ari a situation
precariously influenced by the quality and extent of such
operations and the devel opnment of insecticide resistance.

The total malaria incidence of East Asia and the Wstern
Pacific declined by sone 20% between 1992 and 1993.
Australia, Brunei Darussalam the Korean Peninsula, Hong
Kong, Japan, WMacao, Mongolia, Singapore, |arge areas of
China and nost of Cceania renained free of nmalaria
al t oget her. The majority of cases were reported in Viet
Nam the Solonmon Islands, Manmar, and Thail and. Sever al
countries experience severe and deteriorating falciparum
mal aria problens, especially in peripheral parts of the
country, often conbined with the occurrence of nmultidrug-
resistant P.falciparum Malaria is for instance a nmjor
cause of illness and death in Canbodia, Laos and Viet Nam
99 000 confirnmed malaria cases and 1100 deaths due to
mal aria were recorded in Canbodia in 1993, but real figures
are estimated to be over five times as high: sonme 0.6
mllion clinical cases and 5000 to 10 000 death annually.
In Laos an estimated 14 000 deaths due to nmlaria occur
each year. Viet Nam has an estimated nunber of clinical
cases in the order of 1.5 mllion per year. Level s of
antimalarial drug resistance in sone parts of these coun-
tries are so high that chloroquine and sulfadoxine-

pyri met ham ne are usel ess against falciparum nalaria. In
addition, there is localized resistance to both quinine and
mef | oqui ne. In sonme provinces the main treatnment for

falciparum nmalaria is now artemsinin or artesunate.
Malaria is holoendemc in parts of Papua New Cuinea, very
simlar to parts of Africa. Vanuatu and the Sol onon
I sl ands have the highest overall malaria norbidity of this
region with 66 and 364 nalaria cases per 1000 popul ation
respectively, some 60% due to P.falciparum

Europe experiences a steady influx of malaria cases



inmported fromtropical countries. A substantial portion of
these occur in nationals from endemc countries, who upon
living in Europe for sonme tinme, and thereby losing their
i munity, subsequently becone infected when visiting their
rel ati ves back hone. | sol ated cases of local transm ssion
in Europe (excluding Turkey) occur rarely, including sone
cases of "airport malaria". In Turkey, nmalaria incidence
has increased over five-fold since 1990. The provinces
nost affected are |ocated in south-east Anatolia, nost of
them bordering Irag. In this area of extensive popul ation
novenments one of the |argest devel opnment projects in the
Mddle East is under way, including sonme 22 new dans for
electricity production and irrigation.

Present epidem ol ogy of drug-resistant malaria

P.fal ci parum Strains of P.falciparum resistant to
chloroquine were first reported in S Arerica and SE Asia in
the early 1960s. Since then they have swept across the
gl obe. Anong the countries where falciparum malaria is
endemc, only those of Central America have as yet not
recorded chloroquine resistance. Chl oroqui ne resistant
P.fal ci parum spread over alnost all of tropical Africa in
the 1980's. In many African countries, especially in
eastern Africa, high levels of resistance pose increasing
problenms for the provision of adequate treatnent.
Surveillance has indicated that the devel opnment of resis-
tance to chloroqui ne has been acconpani ed by an increasing
i ncidence of severe malaria. An increase in the preval ence
of anaema in very young children may be one of the early
si gns of chl or oqui ne failure. Resi st ance to
sul fadoxi ne/ pyrimethamne is w despread in South-East Asia
and South America but focal and uncommon in other parts of
the world. In certain border areas of Thailand over 50% of
fal ci parum infections no |onger respond to mefloquine ther-
apy. Reduced sensitivity of P.falciparumto nefloquine has
only rarely been reported in in vivo studies in Africa. It
has not been reported fromthe Anericas. |In several coun-
tries of South-East Asia as well as in Brazil quinine plus
tetracycline is wused for treatment for unconplicated
malaria, and sensitivity to quinine is dimnishing.
Consequent |y, artemsinin and its derivatives are
increasingly being deployed for first-line treatnent in
t hese areas.

P. vi vax. Resi stance  of vivax malaria strains to
chloroquine, first docunented in 1989 in infections from
Papua New Quiinea, has now been confirnmed in Indonesia,
Myanmar and Vanuat u. In sone l|ocalized foci in Indonesia
and Papua New CQui nea, 20-30% of patient infected with vivax
mal aria suffer recurrences of parasitaema 1 to 3 weeks
after a course of 25 ng chloroquine base/kg. El sewhere
chl oroqui ne resistance does not yet pose an operational
pr obl em

P.ovale and P.nalariae. Qccasional  reports of drug
resi stance exist, as yet w thout operational significance.



Wrld maps depicting the geographic distribution of drug-
resistant P.falciparum are sonewhat m sl eading. The nere
reporting of drug resistance does not inply that al
parasite strains in an entire country show resistance;
chloroquine may well be operationally effective treatnent
for the large majority of malaria cases. Simlarly, the
absence of reported drug resistant P.falciparum may only
point to the absence of a regular nonitoring system
However, on a country basis the accurate nonitoring and
mapping of in vivo drug resistance is an inportant,
essential part of the national malarial drug policy.

Epi dem ol ogy in practice

Arm chair epidemology of local nalaria situations. On the
basis of weasily recognizable ecological and social
characteristics, nost malaria situations in the world
can be identified as falling within a few nmgjor

epi dem ol ogi cal types. For each of these, certain
risks are particularly i mportant, and certain
approaches to control are nore likely to succeed than
ot hers. Planning nmalaria control for a given area
starts with i dentification of t he nmaj or
epi dem ol ogi cal types wi t hin it, fol | oned by

collection of information on the particular risks and
on control approaches that mght be realistic (see
Tabl e) .

H gh risk of malaria disease and death. To get an overview
of the malaria problem in any given area, and to
target control activities towards a reduction in
norbidity and nortality, it is inportant to realize
who are nost likely to be affected by the disease, and
who are nost likely to die of it. The individual risk
of serious illness and death is closely related to the
absence of acquired inmmunity. [mmunity to malaria is
only partial and for a duration that is a function of
the intensity and frequency of prior infections. In
areas wWith seasonal or epidemc nalaria where disease
is infrequent, adequate protective immunity nmay never

build up and the disease will affect all age groups.
This will also be the case in previously endem c areas
that have beconme epidemc, for instance as a result of
i ncreasi ng urbani zati on. Even "fully inmune" adults

who are no longer exposed to infection lose their
i Mmunity over 1-2 years.

H gh risk popul ation groups. The vast nunber of nalaria
deaths occur in endemc areas of tropical Africa anong
children aged 6 nonths to 3 years, especially in renote
rural areas with poor access to health services. In these
areas falciparum malaria may kill up to 5% of children
before the age of five years. The surviving children who
continue to be exposed to infection gradually acquire
partial inmm-nity. Malaria is a major cause of anaema in
children, and increases their wvulnerability to other
di seases. It is estimted that malaria kills about 1



mllion children below the age of 5 every year. For sone
of them malaria will not be the only cause of death.
Another group at high risk of nmalaria are pregnant wonen

In the majority of devel oping countries these wll be young
wonen in their teenage years. They are at higher risk of
clinical disease, and at higher risk of severe disease. 1In
endem c areas nmalaria substantially increases the risk of
mat ernal anaem a, abortion, stillbirth, prematurity and | ow
birth weight during a worman's first pregnancy. Wth
subsequent pregnancies this risk dimnishes. The risks of
malaria infection in non-imune pregnant wonen include
spont aneous abortion in up to 60% of cases and a naterna

nortality rate of up to 10% QG her high risk groups
i ncl ude non-inmmunes such as travellers, refugees, displaced
persons, or |abour forces entering into endem c areas.

H gh risk occupations. In some areas, including parts of
SE Asia and S Arerica, nalaria transmssion my be
geographically linked to specific activities and occupa-

tions, such as wood cutting or gem mning in forest areas.
In these areas the disease affects specific segnents of

t he popul ati on. Low imunity conbined with inappropriate
and del ayed treatnent may lead to high nortality and severe
norbidity in those affected. In addition, sone of the

world's worst antinmalarial drug resistance problens occur
in these areas.

H gh risk environnent. Persons who should normally not be
at risk of serious life-threatening disease are put in
danger when they have no access to early diagnosis and
adequate treatnent of malaria disease. This can be due to

i nadequate health infrastructure, i nadequately trained

health staff, or scarcity of resources (of the patient

and/ or heal th services). Soci o-political unr est,
popul ation novenents and civil war nmay nmake health
facilities unaccessi bl e or non-functional.

Fine tuned nmanagenent information needs for nmalaria
control. Assessnent and analysis of local malaria
problens are a prerequisite for targeted contro
activities. An appropriate epidemological informa-
tion system is thus an essential part of a control
pr ogr anme. The dobal Strategy on Milaria Control
recoormends that epidemological information should
include norbidity and nortality data, as well as

information on wunderlying factors relating to the
human popul ation, the parasite, the vector and the
ecosystem and on the inpact of nmalaria. |In addition

the status of health services and of existing vector
control activities should be taken into account in
pl anning, as should the constraints and opportunities
posed by resources and the physical and adm nistrative
i nfrastructure.

d. The bare epidem ological necessities. For district
health officers, the bare necessity wll be to have
descriptive information on "person, place and tinme" relat-
ing to nalaria norbidity and nortality. In short: WHQO,




WHERE, WHEN, HOW MJCH and WHAT KIND OF? The district
officer needs to know who gets affected (age, sex, occupa-
tion), which villages or areas are nost affected, and
during which tinmes of the year. To target effective first
line treatnent with antimalarial drugs, the patterns of
different nalaria species present in the district nust be
known (P.falciparum or other species), and their patterns
of response to treatnent. For the latter, WO has
devel oped a sinplified in vivo nonitoring system based on
the active followup of malaria patients for signs of drug

failure. In the absence of such in vivo nonitoring, treat-
ment failures reported by health centres will give a rough
and ready indication of the effectiveness of first line

antimal ari al drugs.
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