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WHO EXPERT COMMITTEE
ON MALARIA

Seventeenth Report

INTRODUCTION

The WHO Expert Committee on Malaria met in Geneva from 20
February to 1 March 1979. The meeting was opened on behalf of the
Director-General by Dr 1. D. Ladnyi, Assistant Director-General,
who pointed out that, although in 1978 the general trend was towards
a reduction in the number of malaria cases in some countries, the
unchanged endemic levels in Africa south of the Sahara, the
resurgence of the disease in other parts of the world, the financial
difficulties faced by countries in providing health facilities for their
populations, and the technical problems such as insecticide and drug
resistance, require vigorous action to ensure the implementation of
the revised strategy of malaria eradication adopted by the Twenty-
second World Health Assembly in 1969 (1).

Those difficulties had resulted in a reorientation of the WHO
malaria control strategy and the new strategy (2) thus developed was
endorsed by the Thirty-first World Health Assembly in resolution
WHA31.45 (3). The new overall strategy stressed the absolute need
for political decisions and included a number of basic principles for
the implementation of malaria control.

The main task of the Expert Committee was therefore to provide
guidelines—particularly for the health administrator and health
planner—on how to plan, implement, and evaluate malaria control
programmes at the present juncture.

Later, Dr H. Mahler, Director-General, attending the meeting,
stressed the significance of the development of the primary health
care concept (4) and of the inclusion of curative and preventive
services, including control of infectious diseases, in the framework of
primary health care.

While eradication of malaria had been reaffirmed in effect by the
Thirty-first World Health Assembly (3) as the ultimate goal of the
programme, courses of action leading to the achievement of such a
goal needed to be determined in each country in accordance with the
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prevailing epidemiological, socioeconomic, and other conditions, on
which chances of success of national antimalaria programmes
primarily depended.

1. APPROACH TO MALARIA CONTROL

1.1 Malaria situation analysis

Although the objective of malaria eradication had not been
achieved by all countries, a major reduction of malaria morbidity and
mortality had occurred on a global scale. The eradication effort had
greatly stimulated developments in the management and implemen-
tation of public health programmes, including the total coverage of
rural populations and the introduction of evaluation techniques
related to epidemiology and control operations. It had involved the
recruitment and training of thousands of health workers, who in
many instances later formed the backbone of the general health
services. : ' - -

By 1970, the eradication programme had freed 727 million people
from the risk of malaria; this number then represented 53% of the
population of the originally malarious areas. This progress had
helped in saving a great number of lives, and had permitted the
economic- development of many areas of the world, particularly in
Asia, south and south-east Europe, and the Americas. In addition to
promoting a general improvement in health, malaria eradication
measures in certain countries had reduced the prevalence of other
vector-borne diseases, such as leishmaniasis and plague, and had
contributed to the success of mass campaigns, such as those against
smallpox, which also benefited greatly from the experience gained in
operational management.

However, during the past 10 years the malaria situation has
progressively deteriorated in several countries. The resurgence of the
disease (eventually reaching epidemic proportions) has particularly
affected Turkey, several countries in southern Asia, and some
countries in Latin America. 7

According to the information available, the number of reported
cases of malaria throughout the world has more than doubled during
the past 5 years; although in 1977 there was a decrease of 23% over
the previous year (Table 1), mainly owing to improvement in the
South-East Asia and Eastern Mediterranean Regions. However, in



spite of the resurgence of malaria, at the end of 1977 there still were
at least 600 million people (29% of the population of the originally
malarious areas) protected from the disease.

In some countries, nevertheless, the increase has reached dramatic
proportions, with the figures showing an increase by a factor of 30-40
compared to 1969-70; thus in some instances, malaria is again
endangering not only the health of populations but also their overall
socioeconomic development. In countries where malnutrition is a
problem, malaria infection may further aggravate it, because with
each febrile attack of malaria the patient loses about 21 MJ (or some
5000 kcal,,), equivalent to some 3 days of food for an adult (5).

In some countries the progress towards eradication has slack-
ened; a rising wave of imported cases is occurring in other countries
from which malaria had either been eradicated or where it was never
endemic; and in Africa south of the Sahara, very little is being done
for the rural populations suffering from malaria.

It should be underlined, however, that there have been certain
developments since 1975 that have softened the impact of the malaria
problem in some countries. For example, satisfactory progress has
been achieved in Mexico, using classical control methods that offer
good prospects. In India—where 250 million people live in areas with
a high risk of malaria, another 250 million in areas of moderate risk,
and 140 million in areas freed from malaria or naturally free of it
—200000 drug distribution centres have already been established
through community participation, which is particularly important in
lessening the impact of epidemics.

Questions related to the lack of action, resurgence of the disease,
methodology for control, and the need to give a new impetus to
the antimalaria programme have been the subject of extensive
discussions by politicians, health administrators, scientists, and the
mass media. However, even without attempting the arduous analysis
of the causes of malaria resurgence, it is clear that all efforts must be
concentrated on exploring means of redressing the situation. The
WHO Regional Committee for Africa has emphasized the
importance of a general plan for malaria control, using antimalarial
drugs and other methods (6). While the basic tactical variants for a
global strategy were set out in the Director-General’s report to the
Twenty-eighth World Health Assembly (7), it appears that these were
not implemented in most malarious countries and that they were
stated in terms too general for their correct application. The policy
for reorientation of the programme should therefore be fully
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elaborated, taking into account -the basic principles of health
programming, i.e., technical cooperation, the national will as
expressed through government decisions, the programme’s social
relevance, and the concept of implementing activities with the tools
available today and at a cost countries can afford. -

It is unacceptable that towards the end of the twentieth century so
many people in the world should still be suffering and dying from
malaria. New tools and methods -for malaria control should be
developed, the status of development of health infrastructures'should
be-improved, and the requisite financial and manpower resources
should be made available. : :

1.1.1  The malaria control situation and its present constraints

The Expert Committee reviewed the present status of antimalaria
programmes in the world. Out of 143 countries or areas where
malaria was originally endemic (in part or all of the territory) and for
which information is available, 37 countries or areas have béen freed
from malaria, the malaria risk is minimal in 16 others, and in large
areas of the remaining 90 the risk ranges from moderate to high.

An analysis of the malaria situation by region shows that the main
constraints to malaria control experienced in the different countries
are as follows: ’ :

¢)) ,iricreased _costs of materials and equipment and global
inflation;
 (2) inadequacy of administrative and general services-to support
antimalaria activities; ) :

(3) shortage of trained manpower and difficulties in attracting
and keeping experienced personnel; .

(4) rudimentary health infrastructure in developing countries and
limited involvement of rural health services in the antimalaria
activities; : : : oo . -

(5) factors of human ecology and ethology that interfere with the
application .of -antimalarial measures (e.g., nomadism, replastering,
refusal to accept the spraying of houses) or that increase man-vector
contact (makeshift housing, sleeping out of doors);

' (6) difficulty of access to malarious areas for natural or security
reasons;
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(7) uncontrolled development of irrigation, deforestation, and
human settlement in malarious areas, and increased breeding of
Anopheles vectors subsequent to construction works;

(8) inadequate knowledge of the cost-effectiveness of the various
control measures under different local conditions;

(9) resistance of many vectors to insecticides that could be safely
used in human dwellings;

(10) vector behaviour leading to avoidance of contact with the
indoor insecticide deposit on walls; '

(11) development of resistance in malaria parasites, particularly
Plasmodium falciparum, to certain antimalarial drugs; and

(12) inadequate research support.

The Committee noted that many of the impediments to progress
towards malaria eradication have been pointed out in previous
Expert Committee reports (8, 9), and it reaffirmed the principles of
control measures stated in those documents.

The evolution of the malaria situation in the various WHO
regions in terms of the number of autochthonous cases reported is
shown in Table 1. These figures, however, are based only on

Table 1. Numbers of malaria cases (in thousands)
reported during the past 6 years, by regions (excluding Africa)

WHO region 1972 1973 1974 1976 1976 1977
Americas 284 280 269 356 379 398
South-East Asia 1920 2694 4210 5992 7476 5552
Europe 21 13 8 12 39 116
Eastern Mediterranean 855 883 524 447 344 224
Western Pacific 1712 2036 170¢ 1974 2109 214e
Total 3251 4073 5181 7004 8448 6504
Change

(1972 = 100) 100 125 159 215 260 200

2 Excluding China, Democratic Republic of Viet Nam, and New Hebrides.
b Excluding China and Democratic Republic of Viet Nam.

€ Excluding Viet Nam. .

d Excluding China, Democratic Kampuchea, and Viet Nam.

€ Excluding China and Democratic Kampuchea.
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_laboratory-confirmed cases reported by the malaria services. They
represent a considerable underestimate of the actual situation, for the
" following reasons. ‘ , :
(1) There is considerable variation in-the accuracy of the
reporting, the coverage of the reporting systems, and the efficiency of
- the laboratory services. .

(2) In view of the change from malaria eradication to malaria
control, the search for cases has been drastically curtailed, since
large-scale case detection is not usually carried out in control
programmes. Since in most countries in Africa cases are not reported
_systematically, the data from this Region have not been included in
Table 1. ,

With regard to the dramatic increase in the number of cases
recorded in the European Region, it should be borne in mind that
this Region includes Turkey and that malaria became epidemic in
“eastern Turkey in 1976. The European Region also includes a portion
of North Africa.

1.2 Implementation of the revised antimalaria strategy

The Twenty-second World Health Assembly, in its reappraisal of
the global strategy of malaria eradication, justified the malaria
control programmes and endorsed their basic principles (resolution
WHA22.39; 10). The WHO Interregional Conference on Malaria
Control i Countries where Time-limited Malaria Eradication is
Impracticable at Present (11) and the series of reports of the WHO
Expert Committee on Malaria further defined technical and oper-
ational approaches to malaria control. A review of the main im-
pediments and problems facing the antimalaria programme and
proposals for its development were summarized by the Director-
General in his reports to the Twenty-eighth and Twenty-ninth World
Health Assemblies (7, 12).

The Thirty-first World Health Assembly, having considered the
Director-General’s report on the strategy of malaria control (2),
adopted resolution WHA31.45 (3), urging Member States to reorient
their antimalaria programmes—with the final objective of malaria
eradication, where possible—as an integral part of their national
health programmes in accordance with the guidelines set out in the
Director-General’s report. -

In the spirit of the constitutional objective of WHO, that is, the
attainment by all peoples of the highest possible level of health, and
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in the light of resolution WHA30.43 (13), which sets the objective of
“the attainment by all citizens of the world by the year 2000 of a level
of health that will permit them to lead a socially and economically
productive life”, the urgency of the fight against the resurgence of
malaria assumes a paramount importance.

The principles that must be observed in implementing antimalaria
strategy include the following:

(1) The national will to control the disease should be clearly
expressed through a governmental decision to support antimalaria
activities on a long-term basis.

(2) Malaria control should be an integral part of the country
health programme.

(3) The feasibility and practicability of reducing malaria to a level
concordant with the set objectives should be demonstrated.

(4) The participation of the community should be a condition
sine qua non, and emphasis should be placed on the community’s
understanding of the effects of the different methods of control, since
success will greatly depend on this.

(5) Wherever applicable, permanent measures for the control of
malaria should be made an integral part of the relevant development
programmes (e.g., irrigation, drainage, hydroelectric schemes,
highways) through the collaboration of the government ministries
and agencies concerned.

1.3 Definition and justification of objectives of a malaria control
programme

A malaria control programme can be defined as an organized
effort to institute, carry out, and evaluate such antimalaria measures
as are appropriate to the prevailing epidemiological and socio-
economic conditions, in order to achieve the greatest possible
improvement in the health situation of a population subjected to the
burden of this disease or exposed to the risk of its resurgence.

The objectives of any malaria control programme can be
classified in chronological terms as ultimate, intermediate, and
immediate.

(1) The ultimate objective of any malaria control programme is
the eradication of the disease from an area, a country, a continent,
and eventually from the globe. While it is becoming apparent that the

13



achievement of malaria eradication in many areas of the world is
often more-difficult than previously anticipated owing to technical;
operational, administrative, and, frequently, financial factors, there
can. be- no doubt that malaria eradication. programmes have
contributed to the development of certain methods, introduced a
number of successful antimalaria measures, and created a cadre of
trained personnel whose experience can be utilized for a wider appli-
cation of control measures. The gains, often very extensive, derived
from these programmes must. be protected, and reinvasion by the
disease should be prevented by all available means.

(2) Intermediate objectives apply to those areas where malaria
eradication does not appear to be feasible. For such areas, the
objectives are: ' '

(a) reduction of endemicity to levels not hampering socio-
economic development; and -

(b) reduction of mortality and morbidity due to malaria to
negligible levels.” : o

To achieve these objectives requires:

— assessment of the socioeconomic impact of the disease and its
public health importance in the country or area in order to determine
the degree of priority to be accorded to.it among other health
needs; S : :

— development and strengthening of national training
capabilities for all echelons of staff involved in the planning and
execution of control programmes, including those employed in
primary health care; ST ' :

- — development, implementation, and evaluation -of more
effective and economical methods of control or eradication;

— strengthening of research capabilities, in developing countries
especially; and o : : :

~~ improvement of intercountry and regional cooperation and
coordination in the control of malaria. - )

(3) Immediate objectives are: ]
(a) reduction of the levels of transmission in epidemic areas;
- (b) reduction of malaria morbidity and mortality; i
(c) prevention of the spread of malaria to areas freed of the
disease;and =~ . ’ g : '
- (d) assistance in the process of social and economic development
in affected areas. - ' - : :
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1.4 Planning of control programmes and factors conditioning it

The purpose of any disease control programme is to reduce the
impact of the disease on the population to the lowest possible
level. '

Planning applies to the whole range of activities of malaria
control. It should therefore cover activities such as: collecting infor-
mation on the existing epidemiological situation, assessing the oper-
ational feasibility of the control measures to be applied and the
adequacy of scientific and administrative facilities available in the
country, training staff at all levels, selecting appropriate control
methods in relation to the needs of different areas, establishing
evaluation techniques, assuring the cooperation of other bodies
involved directly or indirectly in malaria control, and selecting targets
for the programme.

In view of the various methods available for malaria control and
the varying results of their application, it is important to choose the
most suitable combination of methods. The control measures should
be economical and the methods of operation and evaluation must be
chosen in relation to the set objectives. In selecting realistic objectives
of malaria control and the most appropriate control measures, the use
of a stratification system (74, 15) based on the basic factors described
below will be of great value.

1.4.1 Tactical variants

Antimalaria programme objectives for individual areas depend
on national commitment, the prevailing epidemiology of malaria, the
effectiveness of technological methods, and the financial capability of
each country at any given time,

For practical planning purposes, the objectives vary within a
spectrum of control efforts, ranging from the reduction of mortality
in limited areas of risk to the implementation of a countrywide
malaria eradication programme. Within this spectrum, the definition
of goals and approaches gives a framework within which the national
planner may design a programme appropriate for his country.

The following sequence of goals and associated antimalaria
methodologies, referred to as “tactical variants”, is illustrative of the
major possibilities of malaria control. No one approach should
exclude elements drawn from other approaches. Depending on the
epidemiological situation, and in order to reduce malaria to the
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lowest level as rapidly as possible, more than one variant could be
used within the same country. It must be clearly understood that,
while these tactical variants constitute organized lines of approach to
malaria control, the adoption of any one or combination of more
than one in no way precludes the practice of individual measures of
protection by members of the community. These measures include
the use of mosquito nets, house screening, space sprays against adult
mosquitos in houses, and other measures aimed at reducing man-
vector contact. Indeed, such methods of personal malaria prophy-
laxis should be encouraged by the national health services.
The four principal variants are as follows.

Tactical variant No. 1

Goal: Reduction and prevention of mortality due to malaria.

~Typically, this variant may be applied to a country or a part ofa
country with high malaria prevalence, severe clinical illness, low
socioeconomic status, and limited experience in malaria programme
administration. While the general health services would principally
be responsible for drug distribution, community centres, private
clinics, and large industrial and other organizations may also play an
important role in the distribution of antimalarial drugs for the
prompt treatment of the disease. '

Tactical variant No. 2

Goal: Reduction and prevention of mortality and morbidity, with
special attention to reduction of morbidity in high-risk groups.

This variant could be applied in situations comparable to those
using variant No. 1, but a satisfactory organizational structure will be
required for a systematic distribution of antimalarial drugs to selected
groups of the population such as infants and young children;
expectant mothers, schoolchildren, and special labour groups.
Limited protective and vector control measures might be applied by
the individuals, whole communities, or employers with the technical
guidance of the general health services.

Tactical variant No. 3

Goal: Same as variant No. 2, plus reduction of malaria

prevalence. '
This variant assumes the existence of an organizational nucleus
and a sufficient number of trained personnel to apply the methods
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and to undertake an epidemiological evaluation of the results
achieved. The government’s commitment to recurring expenditure for
a long-term programme depends partly on the capability of the
malaria organization to define the cost-effectiveness of the proposed
programme (I6). Essential adjuncts to planning for limited.control
effort are intersectoral coordination, particularly with agriculture,
and the ability to elicit public and local community participation and
cooperation over the long term. Countries may opt for this variant
when the effectiveness of technological methods, the commitment of
the government, and the cooperation of the public do not permit a
comprehensive national antimalaria programme.

Tactical variant No. 4

Goal: Countrywide malaria control with the ultimate objective of
eradication; keeping countries or areas free from malaria where
eradication has been achieved; and vigilance in countries that are
naturally malaria-free but are threatened by the introduction of the
disease.

This variant applies primarily to countries with long experience of
antimalaria programmes, firm political support and public partici-
pation, a stable and expanding economic base, and a growing profes-
sional capability in technical, operational, and organizational
management.

For purposes of planning, basic factors involved in the selection
of the appropriate antimalaria measures have been presented in detail
in the fifteenth (8) and sixteenth (9) reports of the WHO Expert
Committee on Malaria and in other documents (17).

As is indicated in those reports, these factors are related to the
epidemiological situation, the local efficacy of the methods
employed, the level of..national political commitment and public
cooperation, the extension of professional training, and also to the
administrative, operational, and financial feasibility of programme
implementation.

1.4.2  Epidemiological factors
For the sake of convenience, the stratifiable epidemiological

variables have been classified in four categories covering the
following elements: environment, man, vector, and parasite.
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(1) Environment

The main environmental factors that can be considered in malaria
epidemiology are: temperature, humidity, and rainfall (total and its
distribution). In addition, the topography of the area is important
because it determines the number of water surfaces favourable to the
breeding of vectors. ,

Temperature and humidity strongly affect the life cycle,
behaviour, and survival of the insect vector as well as the devel-
opment of the plasmodium within it. Temperature also influences
mosquito ‘activity as shown by the effects of hibernation and aesti-
vation; high temperatures and humidity generally favour the trans-
mission of the infection.

The relationship between rainfall and mosquito breeding is of
fundamental importance. While, for example, very heavy monsoon
rains may greatly increase Anopheles culicifacies populations in one
area (Punjab, India), paradoxically, lesser monsoon rains in another
area (Sri Lanka) may result in the formation of pools in river beds
which are ideal breeding places for the same species.

On the basis of the above factors, four malaria zones (equatorial,
tropical, subtropical, and temperate) have been identified (I8).
Climatic patterns may be used for stratification, as they have a
bearing on the length of the transmission season. Rainfall and
physiography are. important since they can affect the choice and
periodicity of the control measures to be implemented (/9). Areas
with similar physiographical features provide a rapid method for
delineating malarious areas into broad epidemiological types, which
are of considerable practical utility in planning (20). .

(2) Man

The effects of the environment on man also influence malaria
epidemiology, chiefly by causing him to modify his clothing, housing,
and life-style (21). The main variables of the human element that
have an influence on malaria epidemiology and selection of inter-
vention measures are the following.

(a) Housing plays an important role in protection against
mosquitos because the site, type of construction, nature of the walls,
screening, etc., influence the selection of control measures.

(b) Sleeping habits (e.g., whether indoors or outdoors) have an
influence on the degree of man-vector contact and obviously also on
the choice of control measures.
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(¢) Occupation sometimes has a direct bearing on susceptibility
to malaria. Throughout the world malaria and agricultural practices
appear to be closely related; malaria is a disease with a predomi-
nantly rural prevalence.

(d) The amount of local infection has a direct bearing on the
immune response of the population.

(3) Vector

The importance of an anopheline species as a vector of malaria
depends on several characteristics that should be considered together.
The density of the vector population, its susceptibility to infection, life

“span, and probability of feeding on man are of obvious significance.
These characteristics affect the vectorial capacity of the vector (22,
23), but other variables should also be taken into account in the
selection of control measures—for example, the type and number of
mosquito breeding places and resting sites. Responsiveness of the
vector to insecticides and the behaviour patterns of the vector species
are important considerations in the selection of control methods
(24).

(4) Parasite

Degrees of endemicity and the relative distribution of different
parasite species, which permit the establishment of age-specific
population profiles of parasite incidence and prevalence, are good
guides for epidemiological stratification (25). Control measures must
take into account the life span of different parasite species, their
relapse pattern, and the sensitivity of different strains to the available
drugs.

In addition to these epidemiological factors it is advisable to
consider also the degree of stability of the disease, which influences
other important aspects such as immunity status, severity of the
infection, and its seasonal or other patterns.

The stratification process will be effective if it is based on the
selection for each variable of levels that have a highly significant
effect on the transmission of the infection. For example, whenever a
malaria survey indicates that transmission of malaria does not occur
above a certain altitude, this factor plays a most important role in the
stratification of an area. The same may be said with regard to parts of
the country where extensive irrigation for agricultural purposes
greatly increases the amount of local transmission.
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1.4.3 ~ Operational factors

Once the epidemiological factors are understood the apphcablhty
of potential antimalaria measures depends on the following opera—
tional factors:

(1) organizational potentral of the health mrnrstry ‘to apply
proposed technical methods to target populations under field
conditions;

(2) financial and admlmstratlve management capablhty (1n— :
cludmg logistics); -

‘(3) acce551b111ty of the populatlon at risk (locatlon and densrty of
population);

) acceptablhty of the antimalaria programme to the populatlon
and the amount of public support accorded to it;

(5) availability of trained manpower and the. voluntary partlcr-
pation of the members of the community;

(6) the extent and efﬁc1ency of the general pubhc health infra-
structure;

(7) effectiveness of national communication systems;

(8) provision of a legal basis for programme support;

(9) expectatlon of sustained support as determined by past
experience in the health sector; and

(10) level of financial commitment by the government in
proportlon to external resources. :

1.4.4 Soczoeconomtc factors

Socmeconomlc ‘factors that influence the de51gn of malaria
programmes (26) include: :

(1) risk and severity of ‘malaria among various social and
economic groups, particularly those suffering from malnutrrtlon

(2) educational levels, including acquaintance with health infor-
mation regarding protectlon from malaria and other infections;

(3) economic status, economic. growth and dlspantles in income
distribution (27);

(4) occupational pattern, which may increase exposure to malarra
as it does in agriculture, forestry, and nomadism;

" (5) potential environmental hazards of development programmes
such as irrigation, public works, and: hydroelectrlc schemes;
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(6) degree of social organization, which determines the support
that can be mobilized for malaria control.

1.4.5 Use of antimalaria measures in different situations

The practical antimalaria measures that may be adopted will
necessarily vary with the overall programme objective and the related
tactical variant. For all four tactical variants, the reduction of
mortality due to malaria remains a common goal. Furthermore, the
reduction and eventual prevention of malaria morbidity is also an
inherent aim of the second, third, and fourth tactical variants as well
as the aim of a malaria eradication programme, which may be
expected to follow as a logical development of sustained malaria
control. In all these circumstances, reliance will be placed on the
antimalarial drugs that are effective under local conditions. Other
antimalaria measures will be incorporated in accordance with the
comprehensiveness of the targets. The measures currently available
for use in malaria control programmes are described below for each
of the four tactical variants.

(1) Reduction and prevention of mortality due to malaria. This
represents the most elementary form of malaria control programme,
applicable to areas where malaria eradication programmes have not
yet been undertaken (perhaps because it is impracticable to do so) or
where they have encountered setbacks and cannot rapidly succeed.
For such a programme the only practical measure available is the
administration of curative doses of an effective schizontocidal drug.
For the semi-immune populations of tropical Africa, the curative
dose of the 4-aminoquinolines may be less than the recommended
standard 3-day, 1.5-g base regimen used for nonimmunes (28).

In the first stage, the availability of the drug treatment may be
limited to hospitals only. Later, it may be extended to the peripheral
health units and, if the resources permit, to the community level. The
scope of this programme is determined by the set targets, which
depend on the allocated resources.

The impact of such a programme will vary with its extent and its
efficacy. For the patient, it will shorten the duration of each episode
of malaria fever, reduce absenteeism from school and work, and, in
areas where Plasmodium falciparum is prevalent, contribute to an
improvement in general health. However, travellers or migrants, who
cannot be easily brought within the control programme, will require
special consideration. '
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The community to which this simple programme is successfully
applied will appreciate the reduction in deaths attributable to fatal
attacks of P. falciparum malaria, and this fact should be exploited to
the maximum in the national health education programme.

(2) Reduction and prevention of mortality and morbidity, with
special attention to reduction of morbidity in high-risk groups. This
constitutes an advance over the programme described above, and
may be developed either as a second phase in the national campaign,
or at the outset when and if the level of economic development
permits. In this variant, it is necessary not only to provide effective
antimalarial drugs in sufficient quantities for the early treatment of
acute malaria cases, but also to pay special attention to certain
selected groups. These may be, for example, infants and children
below the age of 3 or 5 years, nursing and expectant mothers after the
fifth month of pregnancy, the labour force working on high-priority
economic development projects, school-age children, or units of the
armed forces. The deciding factors are the programme objectives and
targets set by the national planning authorities.

Whatever its scope, the implementation of this component of the
programme will, at the present stage of technology, need to rely
mainly on the use of antimalarial drugs of proven efficacy under
local conditions. A combination of curative and sporontocidal drugs
(e.g., chloroquine and primaquine) may be considered (29). Incor-
poration of a monitoring system to ensure continued drug efficacy is
essential.

Since this activity of drug distribution is directed to specific
groups of the population (e.g., nomadic tribes), it is especially
important that every effort be made to encourage active community
participation (30).

In association with this drug distribution programme, steps
should be taken to prevent the further creation of man-made malaria
hazards (e.g., pools of water) owing to agricultural irrigation, untidy
road building, and other construction work. Even at an early stage in
the implementation of a malaria control programme, priority must be
given to environmental considerations in all development projects.
This will entail the establishment of an effective mechanism for inter-
sectoral coordination to ensure full utilization of the necessary
professional expertise in the field of environmental management,
from whatever discipline it may conveniently be obtained.
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The benefits to the individual of the implementation of such a
programme are reflected in the reduction in the frequency of acute
malaria attacks, improved growth curves in children up to the age of
3 years (31), reduction in the frequency of abortions and stillbirths in
women of reproductive age (32), reduction in school absenteeism and
improved scholastic performance (33, 34), and improved work

attendance by adults.

' The community as a whole benefits from the improved wellbeing
of the individuals protected by antimalarial drugs and the increased
productivity of those at work. The community’s awareness of the
value of this preventive health measure should be exploited by the
national health service. Additional benefits can be derived from the
reduced risk of malaria by those sections of the community that
reside in the vicinity of development projects in which rational en-
vironmental management practices have been adopted as part of
the programme.

(3) Reduction of prevalence and endemicity of malaria. It is evident
that the limited “holding operations™ of the control programmes
described under variants | and 2 cannot be expected to have much
influence on malaria prevalence and endemicity. For any further
progress to be made against the disease, it will be necessary to take
additional measures with the object of reducing malaria prevalence.
The list of antimalaria measures available for use in malaria control
programmes is lengthy (8, 35, 36, 37) and may be summarized in two
categories:

(a) measures to be applied by the individual, including

— prevention of man-vector contact using repellents, protective
clothing, bed nets, and house screening;

— killing adult mosquitos by pyrethrum spraying and the use of
aerosols;

— reduction of mosquito breeding sites using water management
methods such as draining pools, filling pot-holes, and
preventing collection of water around the house:; and

— chemotherapy and chemoprophylaxis:

(b) measures to be applied by the community, including

— prevention of man-vector contact by careful selection of
building sites and house screening;

— destruction of adult mosquitos by space spraying or residual
spraying of insecticides;
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~ — destruction of mosquito larvae using larvicides (chemical and
biological);.

— reduction of mosquito breeding sites using water management
techniques such as filling up ponds, draining pools, planting
trees, and intermittent drying and sluicing methods; and

— mass drug administration. . ,

In making a choice of antimalaria methods, the national
authorities may be faced with the problem of determining the level of
malaria control that the country can afford in relation to other health
priorities.

Among measures directed against the vector, antilarval operations
will have greatest value in areas of high population density, but,
whenever practicable, measures for the improvement of the environ-
ment by the permanent reduction of sources should be instituted,
particularly in towns and in areas of new development projects.

(4) Countrywide malaria control aiming at the ultimate objective of
eradication. The .type of programme to:be mounted in conformity
with tactical variant ‘No. 4 was:described by a previous - Expert
Committee as, “a special public health programme whose objectives
are the ending of transmission of malaria, the elimination of infective
cases, and the prevention. of re-establishment of malaria endemicity
or even of endemic foci” (8). ) - :

In a number of countries that have the necessary manpower and
other resources for further developing their current operations against
malaria, little change in the established timetable will be necessary in
adopting variant 4. For others, where the situation is less favourable,
this variant constitutes, in the context of the malaria control strategy
presented by the Director-General to the Thirty-first World Health
Assembly (2) a long-term malaria control programme with specific
time ‘targets for attaining the interim objectives described (under
variants 1, 2 and 3) above, and leading ultimately to eradication.

1.5 Programme 'impl,ément'ation :
1.5.1 Definition of targets

In order to assess the progress of a national malaria control
programme, it is necessary to earry out periodic evaluations, using set
indicators (see section 1.6.2), to determine whether or not the targets

have been attained. The time-phased targets may be defined as
immediate, intermediate, and final. The progress or setbacks of a
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programme that has pre-set time limits for reaching the targets should
be considered in the light of operational criteria.

1.5.2  Interrelationship of the malaria services, the general health
services, and the community

The implementation of a planned malaria control strategy based
on the four tactical variants described above is the task of the
authorities responsible for providing health services and those
responsible for community welfare. Needless to say, the coordinated
activities of these bodies, as well as other relevant sectors outside the
health field, are fundamental in attaining the pre-set operational or
epidemiological targets of the antimalaria programme.

It is of utmost importance that in each malarious country, particu-
larly in the tropical and subtropical belts, undertaking organized
malaria control there should be a permanent central antimalaria
service composed of trained malaria workers, intimately acquainted
with the local conditions; they should be in close touch with the
general health services, and with other relevant bodies outside the
health sector who could contribute to the antimalaria campaign
(public works, agriculture, irrigation, economic development,
education). Such an antimalaria service apart from its planning,
implementation, and evaluation efforts will also act as the best guard
against the adoption and introduction of antimalaria policies or
measures that are not suited to the local conditions or to the evolution
of the country’s health programme. Malaria control requires a deeper
and wider knowledge of malaria epidemiology than does eradication.
Moreover, malaria control calls for continuous and imaginative
investigation and appraisal.

1.5.3  Programme implementation in relation to the tactical variants

The whole array of antimalaria activities, starting from the
simplest attempts to reduce malaria mortality and morbidity through
administration of antimalarial drugs up to the final eradication of the
disease, is a responsibility shared by the health services and the
respective communities.

Within a national, state, or provincial health department, the
personnel assigned to antimalaria work may constitute a unit, a
section, or a full malaria eradication service, depending on the
magnitude of the problem and the evolutionary stage of the health
structure and heaith programme. Two factors important to the
efficiency of programme implementation are: (1) the organization
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and contribution of  the general and community health services
(including the primary health care system),-and (2) the leadership of
the malaria control organization by a team of malaria experts.

(1) Implementation of variant No. 1. Evidently, countries opting
for this variant will have few resources. To make the best of what is
available, it is important to seek maximum community participation.
As mentioned earlier, the least that should be done under these
circumstances is to provide sufficient antimalarial drugs for the
prompt treatment of malaria. Health authorities should make efforts
to mobilize community leaders, religious leaders, schoolteachers,
shopkeepers, etc. for antimalaria activities.

In the absence of extensive rural health services, the responsibility
for distributing antimalarial drugs should be given to a voluntary
collaborator from the community. The same person can also be made
responsible for the availability of antimalarial drugs at all times to all
members of the community.

Health authorities should see that the dosages are clearly marked
on the drug containers, either in the local language or pictorially.
Adults in the community should be taught to recognize malaria
symptoms if they are not already familiar with them. Basic health
education on personal protection through the screening of houses
and the use of mosquito-nets and on prompt treatment of malaria
should be given as widely as possible. Health education should also
be given in schools because the awareness created in children will
inevitably reach the parents.

In countries where the primary health care system is developed,
the role of the community health worker is to give drug treatment to
malaria patients and to record every week on a simple form the
number of patients in the various age-groups (0-11 months, 1-4
years, 5-9 years, and over 10 years) thus treated.

Staff employed at the peripheral and intermediate level, including
the antimalaria staff, are responsible for giving advice, guidance, and
in-service training to drug distributors, for providing the logistic
support in distributing and replenishing the community’s stock of
antimalarial drugs, for supervision of the work, and for collecting
statistical information on the numbers treated, classified by age-
groups. - C '

The central level of the health service, in consultation with its
special malaria group, is responsible for the procurement of the
antimalarial drugs, for overall supervision of the activities of health
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personnel at peripheral and intermediate levels, and for the col-
lation of data on patients treated in the various districts. An
attempt should be made to study the impact of the malaria control
methods on local vital health statistics and on the trends in morbidity
and mortality.

The special malaria group, apart from giving advice and guidance
as well as promoting training and health education, may be helpful in
collecting information for monitoring the susceptibility of the
parasite to the drugs administered and for suggesting improve-
ments in the conduct of drug administration and health education
activities.

(2) Implementation of variant No. 2. This variant deals with the
selection of target groups from the population and the application of
epidemiological knowledge (including details about the transmission
area and seasonal factors) to reduce morbidity and mortality due to
malaria in these groups (see page 22).

The implementation- of this variant requires the existence of a
primary health care system in the area where the target group lives.
A primary health worker or a voluntary collaborator from
the community is entrusted with the administration of the weekly
suppressive dose of chloroquine and recording the number of people
who receive this dose. Health workers from the peripheral or a higher
level should visit the target groups to supervise and follow up the
treatment. They should also collect basic operational and epidemi-
ological data and educate the group on the benefits of continuing this
preventive chloroquine dose as well as on personal protection.

If in large development projects there are foreign technicians and
workers recruited from temperate malaria-free countries or from
areas with low malaria endemicity, the implementation of the
prescribed antimalaria methods would require the establishment of a
well equipped malaria control unit annexed to a dispensary having
good laboratory diagnostic facilities. The attainment of a reasonable
degree of perfection in implementing the antimalaria work in these
projects depends on continuous supervision and guidance by the
project manager and his staff, particularly as these development
projects in malaria endemic areas are subject to explosive and
fulminant malaria epidemics.

Staff of the intermediate and central health services must pay
greater attention to these development projects. In many instances
the serious outbreaks of malaria experienced by countries as a result
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of these development projects led to. the creation of special malaria
units to initiate epidemiological, ecological, and entomological
studies. These units had to develop plans to control malaria in the
development areas and to advise on the proper implementation of
the recommended measures. Negligence in dealing with the malaria
problem in these projects, in areas where malaria eradication
programmes were initially successful, led to the resurgence of malaria
and forced the authorities to adopt long-term malaria control
programmes. ' - S

" Experience gained in the implementation of preventive measures
in development projects, apart -from exemplifying the value of
antimalaria services, has emphasized the importance of intersectoral
cooperation between the health services and- the authorities -(e.g.,
ministries) responsible for agriculture, irrigation, hydroelectric power,
communications, and mining. This has led to the creation of high-
level malaria advisory boards or councils embodying representatives
from these ministries to help the health authorities in preventing
malaria and other hazards connected with these schemes and to
protect the labour forces, often through relevant legislation. -

(3) Implementation of variant No. 3. The introduction of vector
control measures in addition to other measures to reduce malaria
prevalence in priority areas such as' development projects, urban
centres, or hyperendemic areas, represents a first step towards
organized malaria control: This step has its roots in the previous
tactical variant, where the health services attempt to control malaria
in development projects. -~ - o

The choice of this variant indicates that the government has
realized the magnitude of the malaria problem and given it a high
priority in the overall health plan. At this stage, the first step is to
establish a malaria service within the general health services. The role
of the primary health care system in areas where malaria prevalence
has to be reduced must be emphasized and its full cooperation in the
antimalaria effort ensured. S

The role of peripheral and intermediate health personnel is to
maintain liaison with the village committees and to guide and advise
them on vector control measures, whether related to environmental
management, biological control (e.g., the introduction of larvivorous
fish), or the proper use of residual insecticides or larvicides. Thus, the
role of these health personnel should be mainly confined to training,
health education, and motivation of the village committees to
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maintain the antimalaria effort, although they would also provide
technical guidance and supervision and carry out evaluation. These
functions call for trained staff such as sanitarians, entomologists, and
laboratory technicians. Whether they belong administratively to a
malaria service at the central level or to technical units in the general
health service is a matter that can be decided by the authorities in
conformity with the local circumstances.

At the central level there should be a nucleus of malaria
specialists. A malaria coordination body (e.g., a malaria advisory
board) with representatives of all departments that can contribute to
_the antimalaria programme (including health, agriculture, communi-
cations, water management, and mining) should exercise a
permanent role in the programme. The malaria campaign is a coordi-
nated interdepartmental and intersectoral effort, and the central
nucleus of specialists is responsible for Justifying the financial and
human investments in the programme, making an appraisal of the
technical measures to be adopted, training staff, carrying out applied
field research (to optimize the cost in relation to the effectiveness of
the antimalaria measures), establishing the best methodology to
evaluate the progress of the programme, and ensuring intersectoral
cooperation at all levels.

(4) Implementation of variant No. 4. For the implementation of
this variant it is essential to have an extensive knowledge of the
epidemiology of malaria, and there must be a high level of
coordination between the primary health workers, the higher
echelons of the health services, and other government services. It is
realized that such an aim can be reached only by stages, and this may
take a decade or more, but the most important step is to set up
progressive epidemiological targets and to endeavour to attain them
year after year until eradication is achieved. Details of the modalities
of implementing this tactical variant vary from country to country
and have been under continuous elaboration by the Expert
Committee on Malaria and other groups since 1956 (8,9 11, 38-42).

1.6 Programme evaluation

1.6.1 General principles

There are certain guiding principles to be borne in mind when
developing an evaluation methodology for malaria control
programmes (21, 43).

29



The malaria situation in an area may vary constantly. In view of
this fact, evaluation must be a permanent feature of any malaria
control programme so that it can be revised quickly to meet the
changing conditions. Planning, implementation, evaluation, and
replanning must be a continuous exercise and an integral part of any
antimalaria programme. :

The evaluation methods and the relevant data to be collected
must be strictly related to the activities, objectives, and expected
outputs of the programme. For example, when aiming at the
reduction of mortality, morbidity, or the duration of illness, it would
be irrelevant and even detrimental to spend time and effort on
assessing changes in malaria prevalence, but it would be useful to
study hospital and dispensary records or death registrations or to
evaluate the effects of the antimalaria measures on school attendance
or on agricultural production. :

Taking into account the characteristics of the disease and the
expected returns from its control, the evaluation variables may be
grouped as follows:

(1) those related to the technical and operational assessment of
the programme, e.g., malariometric and entomological indices,
specific morbidity and mortality rates, population coverage, and
cost-effectiveness ratios;

(2) those related to the general health situation, e.g., effects of the
programme on general incidence of sickness indices, life expectation
at birth, abortion rates, specific morbidity and mortality rates of other
diseases directly or indirectly affected by malaria infection, bed
occupancy in hospitals, and health service costs; and

(3) those related to socioeconomic factors, e.g., effects of the
programme on national income, industrial and (particularly)
agricultural productivity, school absenteeism or scholastic results,
labour force output, commerce and tourism, and existing devel-
opment plans.

1.6.2 Operational and epidemiological criteria

The indicators that may be used in the operational assessment of
tactical variant No. 1 are:

__ the number and distribution of drug distribution centres (as a
percentage of the number anticipated at the planning level) and the
number of people collecting antimalarial -drugs from these
centres;
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— availability of the necessary quantities of appropriate
antimalarial drugs at the drug distribution centres, knowledge of the
drug distributors regarding drug dosages in relation to the patient’s
age; and the distributors’ skill in compiling statistical data; and

— capability of the health personnel in diagnosing malaria and
managing the treatment of malaria cases.

The epidemiological assessment indicators of this tactical variant
are:;

— reduction in mortality rates;

— proportion of severe malaria cases among all fever cases
recorded by the health institutions;

— number of deaths due to malaria; and

— number of laboratory-confirmed malaria cases.

The operational assessment indicators used for tactical variant
No. 2 are the same as those used for No. 1. The epidemiological
assessment of this variant can be made using the following
indicators:

— six-monthly spleen and parasite indices;

— case detection expressed as malaria incidence rate;

— parasite density index;

— reduction in absenteeism from work and school; and

— reduction in infant mortality rates.

For tactical variant No. 3, the operational assessment indicators
are:

— indices showing larval and adult vector densities;

— proportion of vector breeding sites effectively covered by
larvicide application; and

— proportion of vector resting sites treated with residual insec-
ticides.

The epidemiological assessment indicators of variant No. 3
include those listed for variant No. 2 and in addition the following
indicators:

— selective periodic Anopheles density indices (assessment of
man-vector contact);

— indoor vector mortality; and

— vector susceptibility rates.

For variant No. 4, the assessment should be carried out on the
basis of malaria eradication procedures.
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- ‘Malariometric -indices: As a measure of the effectiveness of
malaria control operations, malariometric indices continue to be
superior to serological -methods. In tactical variants 1 and 2, which
aim only at reducing the specific mortality in places where the health
infrastructure is not well developed and laboratory facilities are
limited (as in parts of Africa and Asia), treatment will be given to all
malaria suspects. However, for the evaluation of the effects of
malaria control, the Committee strongly recommends the use of
information based on microscopically confirmed malaria cases, even
though these data are limited in the early stages of a programme and
may have to be obtained by sampling.

1.6.3 Socioeconomic indicators

In many countries malaria is an important cause of continuing
poverty. Successful antimalaria schemes have often been followed by
a marked improvement in the social and economic conditions of the
community (44, 45). It is, nevertheless, very difficult to quantify the
role of any specific endemic disease within the whole complex of
underdevelopment. There is a need for more rehable mformatron and
improved methods of study.

To measure the impact of malaria on socioeconomic conditions,
surveys need to be carried out in order to estimate the demand for
and the use of various health facilities. There is also a need to assess
the influence on public health of such social factors as disability,
working conditions, housing, and food consumption. Useful data can
also be obtained by carrying out surveys oriented towards specific
problems such -as interference caused by seasonal malaria during the
harvest, the problem of increased transmission of malaria owing to
new irrigation schemes, and the influence of local availability and
cost of antimalarial drugs on the morbidity rate. Some examples of
the factors for whrch approprlate assessment methods need to be
developed are:

(1) amount of disease or d1sab111ty related to the seasonal
periodicity of malaria; :

(2) proportion of sickness diagnosed as malaria or as “fever”
notified by local dispensaries, and the proportion referred to
hospitals; ' '

(3) mean duration of 51ckness dlagnosed as malaria in men,
women, children; :
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(4) varations in annual or seasonal malaria (or fever) morbidity
recorded by different health units at different levels of responsi-
bility;

(5) the effectiveness of the treatment glven judged by the records
of the treatment centres;

(6) relationship between malaria and malnutrition or other
diseases;

(7) degree of exposure to malaria in various economic groups,
and extent of utilization of personal protection measures such as
protective clothing, repellents, or antimalarial drugs.

Problems arise when mortality and morbidity statistics are used to
measure socioeconomic change. The impact of decreased mortality
on economic development may be questioned when it is either
limited to a small and unrepresentative portion of society or when it
increases the proportion of unhealthy and incapacitated people in a
poverty-stricken society and contributes substantiaily to- excessive
population pressure. Information on cause-specific morbidity is
extremely difficult to obtain, and the relationship between morbidity
and socioeconomic development is also particularly difficult to
determine quantitatively. One measure that is considered to be of
value in areas of endemic malaria is change in birth-weight (46).
Since excessive perinatal and infant mortality is related to the high
ratio of newborn babies of low birth-weight, the latter may be
regarded as an indicator of socioeconomic development (47).
However, a number of conditions other than malaria, principally
protein-energy malnutrition and nutritional anaemias, also contribute
to the frequency of low birth-weight.

The socioeconomic effects of malaria and its reduction need to be
studied in the field, and appropriate methods of assessment should be
developed for each of the tactical variants.

2. FORECASTING, PREVENTION,
AND CONTROL OF EPIDEMICS

2.1 Factors determining malaria epidemics

The term “epidemic of malaria” is used loosely to indicate a rapid
and marked increase above the generally low level of mortality and
morbidity due to malaria. The term “epidemic outbreak” has been
restricted to the occurrence of malaria cases in an area in which the
disease was unknown (48). During the past 10-15 years, however,
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epidemic outbreaks of malaria were observed mainly in areas where
malaria had been previously eradicated or nearly eradicated. The
characteristic features of these epidemics include their explosiveness,
the predominance of Plasmodium vivax, and, as a rule, low fatality.
They usually occur in areas of high receptivity' and/or vulnerability?
with reduction in the level of collective population immunity.

Elimination of post-eradication epidemics is a difficult task,
especially when they are detected with some delay. In addition to
serious socioeconomic consequences, these explosive epidemics may
also lead to the re-establishment of endemicity. Post-eradication
epidemics are new phenomena in malariology and require careful
attention and study by the national health and malaria services.

Epidemic outbreaks of any intensity or localized epidemics affect
all age-groups to almost the same extent. Spleen rate, parasite rate,
and parasite density are high in children and adults alike, except that
the older adults, with some residual immunity, may show somewhat
lower rates. In endemic areas the minor seasonal rises of incidence
show more moderate spleen and parasite rates and parasite counts
and a more or less marked tendency to spare the adults. The seasonal
rises occurring in highly endemic areas usually affect only the lower
age-groups, leaving the adults much less affected. This is largely due
to a high collective immunity of the population. ’

The mechanism of a malaria epidemic is complex because it
depends on the qualitative and quantitative relationships between the
human host, the parasite and its vector, and on physical, biological
and economic aspects of the environment. The following modified
classification (19, 50) is useful in considering the main points related
to the origin of an epidemic. '
(1) Human factors 7

" (a) Decline in collective immunity following a previous epidemic in a
nonendemic area. ‘
(b) Introduction of nonimmune groups into an endemic area.
(¢) Malnutrition or an intercurrent disease causing a decline in human
resistance to infection.

| Receptivity refers to the abundant presence of anopheline vectors or the
existence of other ecological and climatic factors favouring malaria transmission. The
epidemiological experience in a country, both before and during the eradication
programme, must be used to delimit areas of different receptivity so that the degree
and type of vigilance may be appropriately planned and organized (49).

2 An area may be referred to as “vulnerable” either when it lies close to malaricus
areas or when it is liable to the frequent influx of infected individuals or groups and/or
infective anophelines (49).
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(2) Parasite factors in the human host
(a) Seasonal recurrences or relapses.
(b) Importation by human carriers of new parasite species or strains.
(¢) Shortcomings of mass drug administration or of radical treatment.
(d) Development of parasite resistance to a hitherto active drug.
(e) Increased gametocyte production in the infected population.

(3) Mosquito factors
(a) Increased vector density and longevity due to meteorological
conditions.
(b) Decrease of the deviation of Anopheles from man due to fewer
domestic animals.
(¢) Greater accessibility of man to Anopheles vectors due to change in
human habits.
(d) Increased preference of local vectors for human blood.
(e) Importation of a new effective vector into the area.
(4) Environmental factors
(a) Unusual climatic or meteorological conditions leading to a sharp
increase in breeding activity of the vector.
(b) Human activities related to development projects and, especially,
agriculture, irrigation, or planting of water-holding crops.
(c) Sudden deterioration of sanitary conditions, health services, or both,
owing to natural disasters, social disturbances, and wars.

The principles underlying the quantitative analysis of the growth
of an epidemic are described in the literature (25, 51 ). The epidemic
grows in a series of steps representative of the incubation interval (the
period between the occurrence of infective gametocytes in the
primary case and their reappearance in a secondary case), which is
about 20 days for P. vivax malaria and 35 days for P. Jalciparum
malaria. The length of the incubation interval and the degree of the
reproduction rate determine the rate of multiplication of trans-
mission, which is much faster in P, vivax epidemics than in those due
to P. falciparum. :

An epidemic curve may be broken down into a pre-epidemic
phase, during which small-scale transmission takes place between the
true primary case and susceptible individuals, who will later form the
apparent primary reservoir of infection. The epidemic phase that
follows can be subdivided into (1) a first period, lasting about 3
weeks in P. vivax epidemics, during which a reservoir of cases exists
but may not multiply continuously (i.e., it remains much the same
size), (2) a second similar period in which cases multiply but with a
more or less regular rate of accretion of new cases throughout the
period, and (3) a third period in which cases multiply in successive
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waves but at an accelerating rate, until the epidemic is brought to an
end by a climatic factor, by reduced susceptibility to fresh infections
(since most people have already been infected), or by an intensive
malaria control campaign. o

In P. falciparum epidemics these periods are likely to be
somewhat longer. This is because the appearance of gametocytes
following a fresh infection is delayed in this species and, as a result,
malaria cases occur at longer intervals; another reason for this is the
slightly longer period of the extrinsic cycle in this species. Commonly
the interval is 5 weeks, but it may be longer. It follows that a mixed
epidemic is likely to manifest itself first as due to P. vivax infections
and later as largely due to P. falciparum infections. 7

As mentioned before, the rate of these multiplications would
depend on the degree of transmission of the infection, the numbers of
susceptible anophelines, their feeding habits and life span, and the
length of the extrinsic cycle under prevailing temperature conditions.

2.2  Outbreaks of malaria during eradication or control campaigns

A malaria epidemic in the course of an eradication or control
campaign is usually due to one or more of the basic.causes of malaria
epidemics listed on'pages 34-35. However, these epidemics differ
from post-eradication epidemics in that they arise from a smaller
reservoir of infective cases. It is important that such epidemics be
identified at an early stage before a considerable part of the
population becomes infected.. - - ) , :

In this special situation -any unexpected multiplication of cases,
on however small a scale, is to be regarded as an epidemic outbreak.
The planning of surveillance consists largely in working out means of
recognizing such happenings in their early stages. o

In malaria epidemics of any size occurring during. antimalaria
campaigns, the operational deficiencies of the programme play an
important part in the origin of the outbreak. Shortcomings of case
detection activities are-most common, resulting in the accumulation
of untreated cases of overt malaria or in a large proportion of
gametocyte carriers with mild if any symptoms. o

- Another -major factor is the inadequate coverage by residual
insecticide spraying, due to, for instance, defective spraying routine,
large numbers of unsprayed houses or undetected changes in the
response of Anopheles vectors to insecticides. :
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2.3 Forecasting and detection of malaria epidemics

In considering the question of malaria epidemics, a distinction
must be made between epidemics occurring in areas where the
malaria endemicity has not been disturbed by man and those
occurring in areas where, owing to man’s intervention, malaria
endemicity no longer exists.

Before the availability of DDT, malaria epidemics occurred
mainly in areas with hypo- or mesoendemicity and, in certain circum-
stances, in areas with hyperendemicity. One of the characteristics of
these epidemics was their occurrence in cycles of 5-8 years. In the
past, whenever endemic malaria was characterized by a seasonal
wave, the forecast of a higher incidence was reasonably easy. These
cycles were not fully explained but were related in Asia to excessive
rain in the early part of the monsoon in July or August. Some of these
events resulted in a high mortality of the population, with subsequent
paralysis of the normal life of the area and famines due to virtual
cessation of agricultural work.

It is somewhat more difficult to forecast a cyclical epidemic, as
the cycles are far from regular. However, if any unusual happening is
detected, especially if it is related to the factors mentioned on pages
34-35, there might be a possibility of a sudden increase in the
incidence of malaria.

The most obvious pointers were meteorological and environ-
mental factors, but a reasonably good collection of vital statistical
data, while not often likely to forecast a malaria epidemic, could
detect it at an early stage and facilitate the initiation of appropriate
measures.

- Thus Christophers’ (52) method of mapping points of excessive
mortality (ratio of mortality in the epidemic months to normal
mortality) permitted the early prediction of incipient epidemics in the
Punjab in 1908. This method may still be of value in areas where no
other method for the early detection of increasing incidence exists.

Since the initiation of malaria eradication programmes in various
countries, the disease has been eradicated or its endemicity has been
reduced to a low level, and there is now a risk of malaria epidemics
occurring in nonimmune populations. An exception to this is found
in areas of Africa south of the Sahara where hyper- and holoendemic
malaria is still common. These areas were not included in the malaria
eradication programme and there has been no change in endemicity
over the years.
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Resurgence of malaria has occurred in a number of countries
and, in many cases, it has grown to epidemic proportions. Two
features connected with malaria resurgence have been recognized.
First, if no antimalaria. measures are taken, malaria grows from a
level of low endemicity to its natural endemic level. This type of
resurgence is being observed in many areas. Secondly an epidemic
outbreak may occur under particular circumstances in which there is
an agglomeration of a large number of persons infected with malaria
in an area at a time when the vector density is high. Under the term
“particular circumstances” one would have to include two well-
defined conditions: (1) areas formerly endemic, and (2) areas still
endemic. Consideration must also be given to irrigation schemes
employing a large foreign labour force consisting mostly of
nonimmune persons, and to areas in which social disturbances or
hostilities are taking place.

In both types of area one has to consider the ratio between the
indigenous and immigrant populations. Where the recipient area is
still endemic and the imported labour force nonimmune, one has to
consider the epidemiological features characterizing the autoch-
thonous malaria of the area. For areas that were formerly endemic
but are still receptive, malaria epidemics can develop only when a
large parasite reservoir is being imported; in this case, one would
have to consider the type of “imported” malaria and its epidemi-
ological features. When there is importation of nonimmune persons
into an endemic area an epidemic of malaria will develop rapidly,
but this is not usually the case when the parasite reservoir is imported.
The epidemiologist will have to estimate quantitatively the parasite
reservoir and its potential for transmission through the specific
vectorial capacity of the species of Anopheles. It goes without saying
that, in addition to environmental factors, biological factors related to
the vector, the behaviour of man, and the species of Plasmodium
involved will also have to be taken into account.

In certain circumstances, for example, small islands with limited
resources that have succeeded in eradicating malaria, the reintro-
duction . of malaria or simple resumption of transmission, for
example, of P. malariae, may be expected to result in an epidemic
outbreak. ‘

The most important practical tool for monitoring the malaria
situation remains a sustained surveillance of fever cases by exami-
nation of blood films from a manageable proportion of such cases.
This must be backed up by a specific policy decision to replenish
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annually the stock of equipment (glass slides, Giemsa stain, reagents)
maintained for examining blood films in the central laboratory.
There is also need for periodic supervision and retraining of the
laboratory technicians who identify the species of malaria parasites
and the maintenance of adequate amounts of antimalarial drugs (of
the kind that have been proved effective under local conditions) for
the treatment of any imported and early secondary cases identified.
This surveillance mechanism should include advice on individual
malaria prophylaxis to residents travelling to known malarious areas
and a regular reporting and follow-up system of all cases of trans-
fusion malaria from suspected or identified blood donors.

An approach for determining the warning threshold of a malaria
epidemic has been proposed. The basis of this approach is the quanti-
tative evaluation of four epidemiological factors closely related to the
entomological inoculation rate, which determines the degree of
malaria transmission (53). These individual or combined direct
factors are:

— the daily man-biting rate

— the daily vector-survival rate

— the length of the sporogonic cycle, in days

— the gametocyte rate.

Changes in the entomological inoculation rate will result from
any change in at least one of these factors.

Although not yet fully quantifiable, relationships exist between
the above direct factors and several independent or combined
indirect factors (54, 55).

In the table below the direct factors are listed in the order of
increasing sensitivity to the entomological inoculation rate, together
with the corresponding most sensitive indirect factors that have an
influence on them.

Direct factors Corresponding indirect factors

Man-biting rate Rainfall, drought, poor maintenance
of irrigation systems, changes -in
feeding habits of mosquitos

Gametocyte rate Importation of malaria parasites,
migration of nonimmune people

Length of sporogonic cycle Temperature
Daily survival rate of vector(s) Temperature and relative humidity
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Precise knowledge of the relationships between -indirect and
direct factors of transmission would evidently be of considerable
interest in forecasting epidemiological developments-in malaria, but
changes in the indirect factors, detected ‘though a warning system,
‘would have to be taken into account: -~ - - - S

A monitoring system should be established by which the epidem-
jological variables affected by the indirect factors can be calculated at
regular intervals and their values analysed and assessed with the
shortest possible delay. The intervals between the observations
may vary in different epidemiological situations, and it is left to
the epidemiologist to decide when the observations should be
repeated. ' g T T

The establishment. of a monitoring system should be based on
sound principles. Due consideration should be paid to the statistical
procedures relating to the collection, recording, and processing of the
data. Good monitoring will also involve the use of various statistical
methods such as sampling techniques and decision theory. The main
statistical requirements of monitoring and surveillance systems were
discussed by a WHO meeting in 1977 (56). - - -

It seems that the proposed approach is of some promise, but it
can be fully explored only when the entomological and parasito-
logical data are constantly and reliably monitored. A field trial of this
method would be of value. R __ '

2.4 Control of epidemics ,

As pointed out before, P. falciparum malaria is relatively slow in
multiplying and it reaches its epidemic peak (when about 50% of the
population is infected) later than does P. vivax malaria, even when
transmission is intense. There is, in both cases, a phase of relatively
slow growth before a sudden rise. The initial, relatively slow stage is a
warning, and towards the end of it, when secondary cases are
recognized, there should be an urgent study of their numbers. This
will determine the degree to which the emergency insecticidal and
mass therapeutic measures should be undertaken (57).

In planning control measures against an actual or a potential
malaria epidemic it may be useful to consider two stages:

(1) first-degree. prevention, in which measures are taken against
the importation of vectors or suspected sources of infection, and

(2) second-degree prevention, in which measures are taken
against the re-establishment of transmission. ' - -
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First-degree prevention is applied when the infected vectors arrive
from outside the national borders (an event of particular seriousness
when these vectors are resistant to the insecticides usually used in the
country), or when there is an influx of human sources of infection,
whether actual or merely suspected.

If the infected vectors arrive by direct flight across the national
frontiers the border areas must be protected by residual insecticide
spraying. However, vectors may also be carried in motor vehicles,
trains, aeroplanes, and ships. There are no practical defences against
this happening and the importation of uninfected vectors (even if
they had been eliminated from an area) will not constitute a serious
breach in the defence against the re-establishment of malaria. On the
other hand, prevention of importation requires a considerable
expenditure and the action may be entirely unsuccessful.

Protection against the influx of suspected sources of infection also
comes under first-degree prevention. To be effective, the vigilance
mechanism must detect all cases of imported malaria and maintain a
periodic review of all recorded fever cases. This activity is both
difficult and expensive, not only in tropical areas but also in the
temperate zone. The importation of drug-resistant strains of P.
Jalciparum should not be looked upon as very dangerous in protected
areas when insecticides are the means of eliminating foci. -

With reference to the second-degree prevention, the WHO Expert
Committee on Malaria has emphasized the need for an efficient and
alert vigilance system able to detect any reappearance or resurgence
of the disease before it re-establishes itself as an endemic condition
(40), endemicity being defined as a measurable incidence both of
case and of natural transmission over a succession of years. Once the
criteria for eradication have been met no area should be reclassified
as malarious unless an endemic state has been established or appears
likely to be established (38).

Thus, while it is vitally important to discover and to eliminate
new foci, the appearance of a few imported or introduced cases does
not constitute the re-establishment of endemicity. What is essential is
the ability to apply remedial measures efficiently and on time once a
focus is found.

The activities required for second-degree prevention are:

— maintenance of up-to-date geographical reconnaissance;

— periodic classification of the different areas of the country

according to their vulnerability and receptivity (see footnotes
1 and 2 on page 34);
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— study of population movement patterns;
— provision of local and regional diagnostic facilities for the
examination of blood slides; .

— maintenance of case detection posts, if available;

— investigation of indicator cases;

— epidemiological investigation of active foci that may appear;

— radical cure of all infected persons found;

— maintenance of stores of materials and equipment needed for

reintroduction of spraying when necessary.

A force of auxiliary health workers, who can be called upon in
case of an epidemic, should be maintained to search for malaria cases
and apply the required remedial measures. It is important to follow
up the foci from which malaria has been eliminated.

It is doubtful whether any basic health service, unless it is of
exceptional competence and has a very wide network of local units,
can take appropriate and rapid action in cases of extensive or even
localized epidemics. While the local health units are of great help in
detecting and reporting the incidence of malaria and administering
the necessary drugs, their assistance in carrying out well planned
antimosquito measures is usually less than adequate.

It is only during a malaria epidemic that the value of a centrally
directed service, specializing in the control of malaria and other
vector-borne diseases, is fully appreciated. The tendency to integrate
prematurely the malaria control units into the general health services,
in countries where the menace of epidemics exists, may have wide-
ranging adverse effects.

~ Whenever possible, the capacity of antimalaria units to control
malaria and other vector-borne diseases, and their availability at
short notice, must be maintained and if necessary restored.

3. TRAINING IN MALARIA CONTROL

Long-term malaria control programmes require knowledge and
skill at all echelons of the health service. Moreover, in the communi-
ties oppressed by the disease, the awareness of the nature of malaria
and of its prevention is the key to success in overcoming it; thus,
health education in this field should be a continuous process.

There is no standard method of malaria control and the tactics
have to be worked out for each area in relation to its ecology and
socioeconomic situation. Consequently the objectives of training
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vary, and each country should develop its own training programme
for the various categories of malaria service staff and general health
or community workers to meet local requirements. All malaria
training programmes should have a built-in evaluation component;
therefore, the learning objectives must be specifically and precisely
defined. This would be of great help in the development of curricula
and the selection of candidates and teaching staff. Career oppor-
tunities should be provided for the training staff and the trainees.

The definition of the training objectives should be based on the
short- and long-term objectives of the malaria control programme,
overall health programmes, and present or future job descriptions of
the categories of staff to be trained. In other words, the training
should be programme-oriented and should be in relation to the
tactical variant or variants adopted by the country.

In malarious countries, appropriate malaria training should be
provided not only to the staff who will work in the malaria service,
but also to other staff such as the community health workers, nurses,
midwives, sanitarians, public health technicians, medical officers,
agricultural extension officers, and administrative officers.

Some education about malaria should be begun in primary and
secondary schools; this should be continued at the university level for
all categories of undergraduate, and especiaily for students of
agriculture and engineering.

In view of the shortage of teaching personnel, there is a need to
develop special programmes to train teachers. The development of
any teacher-training programme must be preceded by a careful
assessment of the training needs of the country in each region; on this
basis regional or interregional training programmes may be
instituted.

A joint WHO/USAID Task Force on the Malaria Training
Programme for Asia emphasized the need for giving support to
national training programmes. The present regional training
programme for Asia includes training and applied research activities
in other vector-borne diseases. It is expected that there will be
increased cooperation between the Malaria Training Programme for
Asia and the Southeast Asian Ministers of Education Organization
Regional Tropical Medicine and Public Health Project, the UNDP/
World Bank/WHO Special Programme for Research and Training in
Tropical Diseases and other training and research institutions.

In countries from which malaria has been eradicated, personnel
of the general health services need to be trained in the detection and

43



prevention of malaria; this is required to strengthen these countries’
defences against the reintroduction of the disease. Malariology
should again have a place in the curricula of all medical schools, and
in postgraduate courses in public health.

Malaria control requires a much broader entomological expertise
than was needed for malaria eradication. In recent years the already
scarce professional expertise in entomology has been diverted to
programmes for the control of other vector-borne diseases. Therefore
there is an urgent need to develop or strengthen institutions for
training medical entomologists. The training curriculum of these
institutions should cover all entomological aspects of malaria control.
The Committee noted, with appreciation, that action was already
being taken by the Organization in this field; however, it suggested
that this effort be intensified on a subregional or regional basis, in
order to adjust the formal curriculum and field training in
accordance with the needs of the countries concerned.

To allow long-term planning of regional training programmes, an
estimate of-the cost for the next five years should be made on a
realistic basis. so that funding bodies .can -consider. their future
financial contributions in advance. : ’

It would be most useful if WHO could prepare a. summary of all
existing information on practical malariology in the form of teaching
aids and make them available to the countries needing such infor-
mation. Manuals on the- planning of malaria control programmes,
and on practical malaria epidemiology -are- particularly urgently
needed. ' : , ,

4. RESEARCH IN MALARIA

WHO' gives strong. support to basic and applied research on
malaria and mosquito control (59, 60). In addition to the important
research work being carried out under the auspices of the UNDP/
World Bank/WHO Special Programme for Research and Training in
Tropical Diseases (6/-63) and independently by a number of
national research institutes, there is ample scope and justification for
research work by the malarious countries themselves. For these
studies, external assistance is often available and the -Committee
recommended that. WHO should encourage these countries to_ avail
themselves of these opportunities to a far greater extent.
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The Committee directed attention to the following research areas.

(1) With respect to tactical variant 1 (see page 16), there is need to
develop methods of implementing primary antimalaria measures in
rural communities affected by the disease and not adequately covered
by a health infrastructure. This type of field research should include
sociological and demographic studies, examination of logistic
problems, development of health education, and techniques of
evaluation.

(2) With respect to the other tactical variants, applied research
should be oriented towards surmounting problems encountered in
the field and should include studies on:

(a) methods of encouraging communities to accept the
prescribed antimalaria measures and to participate in applying
them;

(b) the assessment of morbidity and mortality in those areas
where the data are at present poorly collected;

(c) the extension of vector resistance to insecticides, and
prediction of the time when the applied insecticide must be replaced
by an alternative compound;

(d) the rational use of insecticides in control programmes;

(e) the distribution and spread of chloroquine-resistant P.
Sfalciparum malaria;

(f) the cost-benefit and cost-effectiveness of control programmes
under various ecological and socioeconomic conditions: and

(g) finding the most effective communications system to support
the programme.

It is apparent that such studies require personnel who are trained
in research methodology. The establishment of regional field training
and research centres is regarded as the best approach to training
workers in that area. -

" Although field research has been undertaken to overcome local
obstacles in malaria control ever since such control work started, it
has not been widely systematized. For this reason it represents, for
most of today’s workers, a new venture in the development of
realistic methods for malaria control, and each region must project its
field research programme in a sufficiently convincing manner to
attract donors to finance it.

Basic research into all aspects of the disease and its transmission
(64, 65) forms the backbone of all malaria control programmes.
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4.1 Advances in the development of antimalaria measures and their
potential value

4.1.1 Antimalarial drugs

The Committee considered that the WHO programme of research
into the identification, production, and testing of new antimalarial
compounds—a programme to which the Waiter Reed Army Institute
of Research, Washington, DC, has contributed immensely for many
years (66)—could be expanded to include investigation of the
pharmacology and efficacy of traditional indigenous herbal remedies
and products used empirically in several countries, particularly in
Asia.

Some of the more important lines of investigation being pursued
in connexion with antimalarial drugs are the following:

(1) Tissue schizontocides. Several 8-aminoquinolines, more active
than primaquine, are under study, with particular reference to
toxicity. Primaquine and its isomers are also being examined with the
object of decreasing their toxicity, e.g., by lysosomotropic formu-
Jations. A screening system for tissue schizontocides and a liver tissue
culture of Plasmodium schizonts are being developed.

(2) Blood schizontocides. Mefloquine is now. being investigated in
clinical trials in Brazil, Thailand, and Zambia. Triazines, amino-
acridines, and aryl thioquinazolines are being developed outside the
WHO programme. , '

(3) Gametocytocides. The Walter Reed Army Institute of
Research is developing a screening system for gametocytocidal and
sporontocidal drug action, and studies on the action of primaquine in
this respect have also been initiated. '

(4) Prolonged drug action. The sustained release of an injectable
formulation of pyrimethamine, using biodegradable polymers, is
under study and may lead to the development of a formulation of a
combination of pyrimethamine and a sulfonamide or a sulfone.
Studies are also being carried out on quinazoline formulations and
on pyrimethamine pamoate and its possible combination with
acedapsone. ,

(5) Combination of tissue and blood schizontocides. The toxicity of
a proposed combination of mefloquine and primaquine is being
studied.

(6) Drug susceptibility. A global programme for studying the
susceptibility .of P. falciparum to chloroquine has been started,
initially in the South-East Asia and Western Pacific Regions. The in
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vitro macrotest is being used at present. However, a microtest for
studying the susceptibility of P. falciparum to chloroquine and
mefloquine is under development; this test will offer many practical
advantages. Ancillary studies include the use of alternative
treatments, the management of drug-resistant malaria cases, and the
biological characterization and cryopreservation of isolates. Field
aspects of the study comprise the training of personnel capable of
susceptibility monitoring, development of a mapping system using in
vitro and in vivo testing of carriers, and appropriate selection of
remedial measures.

(7) Studies of special problems including the development of
laboratory models. Models that depend on simian hosts are difficult
to maintain, as the supply of monkeys (particularly Aotus) is
seriously restricted. The Committee expressed its concern at the
present situation, and felt that programmes for breeding these
monkeys should be established as soon as possible, and that efforts
should be made to facilitate the export of Aotus from countries in
which they are native. Systems have also been proposed for the
culture of P. vivax, and for animals other than monkeys for the inves-
tigation of relapsing malaria.

4.1.2 Immunological methods

(1) Malaria vaccines. The Committee noted that, although great
strides have been made in recent years in identifying and testing
various immunogens in rodent and simian malarias, and while some
experimental immunization of man has been achieved, the problems
preventing the perfection of a safe and efficacious vaccine against

- malaria are still formidable (67). Even if the principal remaining
problems (i.e., those of the provision of a safe adjuvant for
antimalaria vaccines and purification of the antigenic material) are
-solved, it will be several years before such vaccines become
available. o

The recently developed methods for continuous cultivation of
plasmodia will be invaluable for the production of the large
quantities of erythrocytic-stage parasites used as antigen (68).
Immunization with merozoites, preschizonts, schizonts, and gametes
has been investigated in various parasite/animal models. Since 1972
several humans have been successfully immunized against P.
Jalciparum and P. vivax with irradiated sporozoites on an experi-
“mental and carefully controlled basis. It appears that active immunity
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induced by these methods is specific:to the parasite species, but '
protects against all geographical strains within . that species. The
immunity is stage-specific, with very slight cross-protection with other
stages. The induced immunity appears to last up to 5 months with
antisporozoite and up to 9 months with antimerozoite immunization;
small booster doses may extend protection in both cases. - :

Very stringent requirements governing vaccine potency and safety
must be met before trials can be envisaged in man (69, 70). It should
be realized that such -vaccines, regardless of their type and the
epidemiological indications for their use, would probably-be no more
than additional tools in malaria control, and would complement but
not replace other antimalaria measures. - - o o

(2) - Immunodiagnostic tests. These are useful tools for research
and for epidemiological evaluation and assessment. Serological tests
such as the immunofluorescent antibody (IFA), indirect haemaggluti-
nation (IHA) and the enzyme-linked immunosorbent assay (ELISA)
are being employed for epidemiological studies to determine present
or ‘past host/parasite contact. The increasing availability of P.
falciparum from in vitro culture is overcoming the difficulties of
antigen supply for these tests. However, the tests are cambersome and
inadequate, and there is a need for a battery of tests simple enough to
be undertaken in the field and able to-show the existence of an
infection, a past host/parasite contact, and the degree of protective
immunity. ' S I

4.1.3  Antimosquito measures

(1) Insecticide  resistance. Physiological resistance in Anopheles
mosquitos to insecticides has become a major obstacle to malaria
eradication and. control. In 1975 the WHO Expert Committee on
Insecticides (71) stated: “It is finally becoming acknowledged that
resistance is probably the biggest single obstacle in the struggle
against vector-borne diseases and is mainly responsible for
preventing successful malaria eradication in many countries.” Since
then, the situation has deteriorated further with the development of
resistance to the organophosphorus insecticides such as malathion
and fenitrothion (24,- 72-74). Consequently, laboratory and field
studies have been carried out on the cross-resistance characteristics of
malaria vectors (75).

In the light of these studies it has been found that the devel-
opment of resistance to DDT can often prevent the subsequent

48



effective use-of synthetic pyrethroids (due to the Kdr gene) (76). The
development of resistance to malathion may occur without cross-
resistance to other organophosphate insecticides, leaving it feasible to
use fenitrothion or similar organophosphates. The development of
resistance to malathion, fenitrothion, or propoxur might not prevent
the subsequent effective use of chlorphoxim. There is also a risk of
development of resistance to insect-growth regulators belonging to
the methoprene group, but apparently not to diflubenzuron. Studies
are therefore being carried out on the cross-resistance spectrum and
the speed of development of resistance to new insecticides in WHO
collaborating centres and in some instances in the field.

The situation is further complicated by the extensive use of all
types of insecticides in agriculture. This has often resulted in the pre-
selection of malaria vectors resistant to new insecticides; this problem
is being examined by WHO in collaboration with the Food and
Agriculture Organization of the United Nations.

In view of the complexity of resistance mechanisms giving rise to
a variety of cross-resistance patterns, it is difficult to forecast
resistance development and its characteristics when control oper-
ations are planned. Therefore investigations are being carried out
on the dynamics of resistance development, and the possibility of its
retardation or prevention. Standard test kits for monitoring insect
resistance, together with guidelines for interpretation of data obtained
in the field, are available. However, the Expert Committee noted that
these kits were relatively expensive and in some countries difficult to
obtain because of currency exchange restrictions. The Committee was
gratified to note that WHO has always devoted considerable
attention to the problems arising from the development of insecticide
resistance in vectors and that these investigations will continue to
receive high priority in the future.

(2) New insecticides. WHO has pursued for many years a
Programme for Evaluating and Testing New Insecticides to find
replacements for DDT and other compounds to which vector
populations have developed resistance. This programme has yielded
several compounds suitable for residual spraying and antilarval
treatments, but factors such as cross-resistance within the group of
compounds or between the same group of compounds, or toxicity
hazard (77) have reduced their potential efficacy. In the organo-
chlorine group of compounds, biodegradable derivates of DDT were
studied but these compounds did not show sufficient activity. The
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