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Introduction

The meeting was opened at 10.00 hrs on Monday 3 June 1985 in the Hotel Belgrad,
Moscow, by Dr O.F. Bogatyrev, on behalf of rhe Ministry of Public Health of the USSE.
Dr Bogatyrev welcomed the participants to Moscow and wished them every success in their
deliberations.

Professor F.F. Soprunov, Direcror, Martsinoveky Institute of Tropical Medicine and
Medical Paragitology, Moscow, welcomed the participants in the name of rhe Institute. In
his opening address, Professor Soprunov was grateful that the Consultation was taking place
in the USSR where the research methodologies on malaria stratification and its practical
use has been carried out for a long time and said that the advantage of an informal
consultation was that it allowed for free discussion on rhis important and complex subject.
He hoped that the Comsultation would be fruitful.

Dr J.A. Najera-Morrondo, Director, Malaria Action Programme, World Health Organizariom,
Geneva, welcomed everybody to the meeting on behalf of the Director-General of the World
Health Organization and thanked the authorities of the Soviet Union and especially the
Martsinovsky Institute for offering the facilities and opportunity to carry out the work

o in Moscow. Dr Najera, in his opening address, pointed out rthat the very name of malaria
indicated the recognition from the very beginning that this was a disease of ecological
origin. He went on to state that after the availability of the imsecticide DDT, a single
strategy was adopted, which, if applied properly brought some success. However, one of
the main lessons learnt from the attempts at eradication of this disease was the recognition
of its local variability not only in the intensity of the problem but in its Tesponse o
control interventions, and the unexpected diversity and multicausality of this variability.
The concept of primary health care opens new opportunities for planning malaria control at
the same time requiring new approaches to planning and replanning malaria as a focal
problem. It is hoped that this Consultation will contribute significantly to achieving
this. Dr V.S, Orlov and Dr J.A. Najera were elected Joint Chairmen and Dr R. Fontaine and
Dr A.V. Kondrashin were elected Rapporteurs.

The agenda for the Comsultation is attached in Annex 1, and the list of participants
in Annex 2, A total of thirteen working papers, listed in Annex 3, were considered by
the participants and used as a basis for their deliberationg,

1. The conceptualization of stratification and its practical implications

1.1 The concept of stratification

Malaria is a complex disease. Multiple anopheline vectors whose ecalogy varies
profoundly transmit parasites whose biology is far from simple, to a host whose genetic,
social and cultural diversities surpass those of the parasite and the vector. This system
in turn operates and is further modified by the non—uniformity of the earth and irs
climate. In response man has devised numerous measures to forestall the perpetuation
of this parasite at every point in its cycle. Thus, we have added another layer of
complexity in our management of the malaria problem. Recently there has been an attempt
to bypass the compexity of using a principal measure comceived to overwhelm the trans—
mission cycle. Furthermora, security was enhanced by covering all areas where malaria
might be transmitted. But the response was variable from the beginning. Now we still
face 2 malaria problem of evolving ceomplaexity to which rationally planned control activities
must be addressed.

Reduction of the complexity can be accomplished by stratification. With the uneven
distribution of the various phenomena over the earth and the search for the regularities
underlying this unevenness, stratification was and continues to be employed in many
branches of science and by many countries, and is applied to very diverse objects,
Accordingly, there exist various kinds of stratification, differing from one another in
content; these include physiographical, biogeographical, economico~geographical,
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medicogeographical, ete.

1.2 The definition of stratificatiom

Definitions differ but the substapce is universal: to reduce and simplify a complex
problem to facilitate its understanding and formulate solutions. Generally defined
stratification is the process of uniting areas, populations or situations, which exhibit
a relative resemblance by a set of specified relevant characteristics, thereby
distinguishing them from other areas, populations or situations dissimilar through the
same set of characteristics.

Stratification includes the information, methodelogy and the end result. It is
above all a dynamic process, accommodating to expected and unexpected changes, and

subject to periodic revisions.

1.3 The practical implications of stratification

The applied value of stratification is determined by the following five major factors:

the extent to which the stratification is actually needed;
- the level of accumulated knowledge on the object (i.e. the malariz problem);

the adequacy of the concepts and methods used for stratification to the state
of scientific knowledge;

- the adequacy of stratification objectives to the practical needs; and
- the opportunity for reassessment of stratification results.

The most powerful impetus for a ugeful stratification is am acute need for it, 8o
acute that practical solutioms cannot be met by other means.

Stratification could be performed for apy disease as an intellectual interest for
solving control problems, With vaccines, preventable disease control can be entirely
effective without clarifying the problem through stratification. For some of these
diseases, a simple social stratification has been helpful, Furthermore, the distribution
of digeases transmitted from person to person exhibits primarily heterogeneity in terms
of the human population and will usually not manifest a geographical focalization.
Malaria and many other vector-borne diceases are at the opposite extreme. They are not
often controliable by a single measure and by their nature they tend to he localized.
Indeed, these and other characteristics of malsria indicate the extreme importance and
utility of stratificatiom of a malaria problem,

While stratification of other diseases was attempted by individual workers on an
occasional basis, the work on stratification of various territories and the entire
distribution area of malaria has a long history.

An attempt to relate malaria to particular types of climaric and topographical
conditions has been made lomg before its causative organisms and mode of transmission
became known. Even the name of the disease reflects this relationship. Hippocrates,
Porcius Cato, Varre, Columella, Aretaeus and many other Greek and Roman physicians, and
non-medicals have related the abundance of the disease to low, moist and hot districts
and more particularly to those with a swampy terrain. Seme of them went even further
by providing advice on how to avoid and reduce the risk of acquiring the disease or even
advocating drainage as a control measure. Studies on the relationship between malaria
occurrence and various climatic and physiographical features have received additional
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. . . 1
impetus after the discoveries of Laveran and Ross.

While earlier work was aimed at revealing certaip regularities in transmission
patterns with no reference teo controlling malaria (Celli, 1900; Gill, 1938; Klug, 1941),
attempts at malariological stratificationm beginning in 1947 have supported the target of
controlling the disease (Beklemishev, 1947; Gabaldon, 1949; Singh, 1952).

The naticnwide malaria control campaigns launched during the early 1950s aroused
interest in stratification in a mumber of countries {Brazil, Kenya, Sri Lanka, United
Republic of Tanzania, United Kingdom, USSR, and Venezuela) and led to a number of major
studies (Lysenko et al., 1956, 1965; Bustamente, 1956; Atlas of Tanganyika, 1956;
Macdonald, 1957; Atlas of Kenya, 1959; Karumaratne, 1959; N,K, Shipitsina, 1964). This
period ended with a study on malaria distribution and stratification over the entire
2lobal area (Lysenke and Semashko, 1968),

The first and the last studies cited above (Celli, 1900; Lysenkc and Semashko, 1968)
both dealt with the distribution of malaria from the global perspective. Celli's work,
however, was undertaken when uo means of effective malaria control was available, whereas
the latter workers performed stratificarion of the world malaria situation when the
disease was thought to be defeatable,

Till very recently, the rare malariological stratification studies (Bakradze, 1974;:
EURO, 1979; Alekseyeva, 1982) were mainly concetrned with a possible re-estahlishment of
malaria in areas previcusly freed of this disease and do not deal with stratification of
the present—-day distribution of malaria.

It is hoped that the present consultatioms will represent a significant step towards
gsolving this problem.

Malaviclogical stratification at different levels (the world as a whole, the continents,
the whole or part of a country) has been performed on the basis of different pripeiples.
Generally, two main principles could be distinguished. One of them was stratification
baged on characteristiecs not directly related to walaria as such, while the malariological
characteristic was associated with already existing natural gzomes (climatic - Celli, 1900;
Gill, 1938; Gabaldon, 1949; Bustamente, 1956; Karunaratne, 1959; or zoogeographical -
Macdenald, 1957) or natural districts (landscapes - Klug, 1941). The second principle
implied establishing the borderlines between strata according to malaria-related
characteristics, taking into account differences in the seaszon of transmission (Atlas of
Tanganyika, 1956; Atlas of Kenya, 1959), number of parasite turnovers (Shipitsina, 1964),
association of foci with certain landscapes (Lysenko et al,, 1956, 1965), incidence/
prevalence, endemicity level (Singh, 1952; Lysenko and Semashko, 1968) and rigk of incidence
(Lysenko and Semashko, 1968),

It can be seen from the above that throughout the history of antimalaria campaigns
scientists from many countries wete using varicus approaches in am attempt to stratify
malarious areas., In other words, the worldwide experience of malariolegical stratification
indicated the usefulness of the method, although its large-scale application still awaits
further development of which the method is capable. Such a situation is primarily due to
the fact that these studies were virtually discontinued at the time when malariologists
believed they possessed an effective means of controlling the infection and it seemed
that humanity would soon celebrate the victory over this ancient disease. Since this
notion turned out to be erromecus, the opportunity must not be lost again,

1 . .
The pioueer study was performed by A.Celli as early as 1900
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Tt is well known that the antimalaria meagures produced different effects upén the
disease in various areas, from a complete and stable eradication to an almost complete
refractoriness. [t became clear that the malarious areas of the world are highly hetero-
goeneous in their responsiveness to the implemented malaria control measures, The
experience of the last 20 years in the field of malaria eradication and control has once
more underlined the fact that malaria is a focal disease and that there ig a need for
constant adjustment of existing contrel measures to local epidemiological, social and
economic conditions in the broad context of changes that take place in the process of
soviocconomic development (including the health sector). As it stands now, stratification
for plamming antimalaria action should include identification of malarious areas having
similar epidemiological and socioeconomic features, including availability of health
services and organized malaria control asctivities, their characterization in various
terms (including response to different control measures) and the development of malaria
comtrol strategies which are both appropriate amd feasible.

The main advantage of the malarieclogical stratification method under these circum—
stances comsists of providing the basis for revealing this heterogenicity, thereby
ensuring adequacy of malaria control measures to the actuval situation in an area.

The potential of malariological stratification is rather broad: it makes possible
the revision uof strategy and tactics adopted by modern malaria control programmues
(operational stratificarion), and, at the same time, provides a basis for ourlining
a courge for recearch and development of prospective programmes aimed at the eventual
complete and stable eradication of the disease.

The results of some current studies on malariological stratification and their
practical implication have been presented and discussed by the participants of the meeting.
It is hoped that a review of these studies will contribute to a better understanding
of the potential of malariological stratification for planning antimalaria action.

2. Current experiences in the practical application of the stratification concept for
the control of malaria

2.1 Stratification for malaria comtrol in India

This approach has been developed by the Martsinovsky Institute, Moscow, USSR, in
collaboration with the Indian Malaria Research Centre and National Malaria Eradication
Programme for the stratification of the malaria problem in India,

Tf one subdivides the territory of India according to the following characteristics,
such as the eradication effort required: the risk of resurgence in malaria freed areas;
the attaimment of interruption of transmission; a marked reduction in the level of trans-
missicn; the level to which the transmission is reduced; the malaria incidence at the
peak of resurgence; and duraliom of the improvement period; it will become clear that
the areas differ strikingly from one ancther and show a varied response to the seemingly
logical and absolutely reliable approach of the "everywhere-and-overall" eradication
strategy. For the present, therefore, such a strategy seems oo expensive as well as not
sufficiently justified.

Operational stratification may serve as a bagse for the development of strategy of
long-term control programmes. Operational stratification is the subdivigion of malarious
areas into strata having a similar present—-day and epidemioclogical conditions, level of
incidence/prevalence of various forms of malaria, various vector species, as well as a
similar dynamics of ingidence/prevalence resulting from antimalaria measures, and is aimed
at choosing objectives and targets and at planning the appropriate measures. To de so
baseline data are very much needed for stratification, especially standardized ones,
relevant sociceconomic, ethnological, anthropological, etec., factors should also be taken
into consideration.
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2.1.1 <Lriteria for developing the strategy in India

The following criteria for stratification are proposed; these criteria area based an
the experience of eradication and comtrol programmes in Yndia., However, it should be
borne in mind that the c¢riteria might be different for each particular case. Such
important aspects ag administrative, management, financial, etc., should alse be taken
into account. Amongst the criteria are;

=~ the ipitial situation before implementing control and eradication measures
{(initial endemicity leveld;

- the situation at the time of the greatest epidemiological improvement period;
the measures vequired to attain epidemiological improvement;

— the rate of malaria resurgence; and

- the present situation.

The list of criteria, however, should not be considered as f£inal, but w111 have also
to be the subject of applicability and feasibility.

. A
2.1.2 BStages of operational grratjification

The collection, processing and grouping the data needed for stratificatiom by the
five criteria cited above are performed at the lowest level that has an epidemiologist
or an entomelogist available (district or zome, etc.).

Analysis of the district data and stratification of the area are donme at the
directorate of the natiomal malaria control programme, and are then defined more precisely
in each gtage or province,

Ia India it was found that the smallest operational unit for stratification was an
area with a population of 40 - 60 000 which should not cause any major problems in
collection of information. In smaller countries a smaller unit may be defined for strati-
fication but too small units would complicate the process and might not produce any major
advantages.

(1) ¥Firsr stage - Information collection

During the first stage the following information is collected (where applicable,
separately for P. faleciparum and P, vivax);

- initial spleen and parasite rates, ete,;

- bloed slide examinations;

- data ¢n mortality and on malignant malaria cases;
- monthly and annual incidence by species;

- data on vectﬂr.distribution;

=~ resistance of vectors and parasites; and

- antimalariz measures, their type and coverage.

1See Annex 4
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In order not to lose the basic information, the data of the variables uged for
stratification should be incorporated at the lowest scale possible. Tf it demands a

very great effort to stratify that way, computer-based mapping could be resorted to.

(2) Second stage — Processing data

During the second stage the data is processed. Indices are calculated, corrections
are made, and only after that a series of tables are compiled consisting of:

= resulta of the initial malariometric surveys;

- the annual parasite index (API) by operational unit at the time of transfer
into consolidation phase;

- APL and annual faleiparum index (AFI) by operational unit of those that always
remained in the attack phase;

- total number of spraying rounds for the whole period of reduction of malaria
prevalence/incidence;

congumption of antimalaria drugs per capita for the whole period of reduction
of malaria prevalence/incidence;

- the rate of malaria Tesurgence;

- monthly distribution of P. falciparum incidence;
- monthly distribution of P. vivax incidence;

- APT and AFI for the previous year;

number of malignant falciparum malaria cages and deaths due to malaxia for the
last five vears;

prevalence of drug-vesistant P. falciparum;

results of susceptibility testing of anopheles to ingecticides (data for the
last three years); and

- the effect of measures on the incidence level, .J

(3) Third stage — Crouping of data

The data processed in this way forms the basis for the preparation of maps, i.e.
the third stage - grouping of data.

At the end of the third stage, a series of maps with various informatiom incorporated
should be prepared, The three gtages are carried out at the peripheral level and theory

totality is the information hase for subsequent analysis.

{4) Fourth stape - Analysis of data

At the central level, the grouped data (maps) are generalized fox the whole country.
This may be done by hand or by means of computers, depending on the country's facilities
and the size of the endemic area, and should be followed by a retrospective epidemiological
analysis of the development of the malaria situation within the country. From the onset
of the control/eradication programme to the present time and epidemiological analysis of
the present-day malaria situation, based on this analysis, a series of maps for the entire
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country ghould be drawn.

(5) Fifth stage - Stratification of areas

This is done at the central level for the entire endemic area by means of successive
cartographic superposition of maps in order to determine general objectives of the natiomal
malaria control programme. Following this exercise, a medimm-term plan of malaria control
measures for the whole country can be worked out, with regard to the general and specific
objectives for each type of area,

The plan should include a section for areas belonging to different administrative
units (state/province), listing their specific objectives and indicating the distribution
of material resources within ecach administrative unit.

Management of the programme at the state/province level (intermedjate), in cooperation
with district epidemiologists, is concerned with implementing the execution of the plan for
the stare/province on the basis of the data obtained from districr apd within the framework
of the medium—term plan worked out by the national programme directorate, namely:

- the volume of work, the requirements of antimalaria drugs, insecticidez and
other means, as well as their distribution among administrative units are
specified; and

- specific objectives for a 2-3 years period set for each stratum.

As a resulr, malaria control plans covering a period of 2-3 years are worked out for
the state/proviace as a whole and separately for the administrative units included in the
strata.

The activities at this level (peripheral), based on the plan worked out at the state/
province level and on the collected, processed and grouped data available in the district
include:

- specifying strata boundaries;

- establishing dates for undertaking specific measures in each stratum and in
the operational units; and

- agsessment of the need for insecticides, antimalarial drugs and other
commodities that may be required.

2.2 Use of physiographieal stratificarion in Orissa State, India

2.2,) Physiographical provinces

The existing stratifications developed for purposes other than malaria may be used
2s a framework for malariological stratificatiom,

The obvious way is to use physiographical stratification which is well developad and
deals with a number of hierarchial levels, i,e. division, subdivigion., province, section.
Physiographical stratification is the result of integration of a variety of orographic,
¢limatic and other factors, many of which exercise direct or indirect influence onm malaria.

The validity of such an approach is supported by the data from the programme in
Orissa State, India.
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Some 3500 slides were collected from passive cases in 35 primary health care centres
{PHC) and examined in & reference laboratory (rthe cstandard of which was quite high). As
a result, the PU(s , were categorized into five groups according to the observed slide
faleciparum rate (SFTR) and slide vivax rate (SVYR) as shown in Table I:

Table TI:

Group SFR SVR Number of PHC
A very high (40-537) moderate (4=6Z) 2
R high (16-357) high (9=14%) 3
C moderate to high (6-20%Z) low to high (1-13%) 19
D low {1%) high (21%) 1
E low (0-27%) low to moderate (0-67) 8

The distribution of these categories within the four physiographic provinces of
Orissa may be described as follows (Map 1):

a high SFR never occurred in two provimces (No. 1 and 4, i.e. Utkal Plain
and Mahanadi Basin)j;

low AFR never occurred in Eastern Ghats Province (No. 3) and was very
uncommon in Garhjat Hills Provipce (No. 2);

E.malariae was gquite common in Province No. 3 and less common in No. 2, but
was found only once in No. 1 and never found in No. 4.

1t secems therefore that the physiographical boundaries are of a considerable

predictive value for identifying areas with high prevalence of P. falciparum and P. malarize.

Further refinements may be done, by identifying substrats within such physiographical
framework, by adding other relevant factors.

2.2.2 Indicator factors

Some factors correlate with malaria, though there is no direct cause/effect relation-
ship between them, e,g. particular ¢rops, particular types of vegetation or prevalence of
particular ethuic groups (e,g. tribes in India).

Therefore, the following approaches to malaria stratification may be justified:

(L

(2)
(3
(4)
(5)

selection of facters of high predictive value (indicators), on the basis of
experience in limited areas or on conceptual basis;

selection of those indicators which may be easily obtained, measured and mapped;
mapping of the indicators and making predictions regarding malariaj
evaluation of the validity of the forecast; and

repetition of the cycle, if needed.

|
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gn these lines, a comparisen of P. falciparum surveillance data from Orissa with
cengus data was done. It was found that P. falciparum prevalence strongly and positively
correlated with the percentage of "scheduled tribes" inm general population. Less streng,
but a significant negative correlation with literacy level was also found, the latter
iz probably of a secondary nature (literacy is low in tribal populatioms}.

2.3 Stratification of malaria in South~East Asia in relation to the rational use of
antimalarials

Experience gained in the course of stratification of the territories in the countries
of South-East Asia in relation to the trational use of aptimalaria drugs, indicated that
the first stage of this exercise should be the formularion of irs objectives and iden-
tification of the priorities, based on whatever available epidemiological data. The
consequent stages could be associated with the data processing, grouping, analysis and
other related procedures, so that on the basis of these studies appropriate variants of
the use of antimalarialg has been designed (see Annex 3).

2.4 Epidemiclogical diversity and malaria control measures in China

The epidemiological approach inm malaria control within the strategy of primary health
care entails the selectionm of antimalaria measures appropriate in the natural pattern of
transmission and local ecology. As an illustratiom, early in the 1950s, malarious areas
in China were divided inte four broad epidemiological zones each with its own characteristic
features. Antimalaria strategies based on these features were formulated and implemented,
Substratification was made in relation to the epidemiclogical diversity of the area
involved and the antimalaria measures selécted were adapted to the local situatiom,

China's experience also demonstrates that stratificatiom is a continusl procegs.
It should he done repeatedly in the course of progress of antimalaria progrvammes.

2.5 Stratification of malaria in Central America

Stratification should be relevant and respond to acute needs, El Salvador im 1978
was faced with a continued, intransient malaria problem characterized by unacceptable
responses to residual spraying and drug administration, Source reductiom, larviciding,
biological control, space spraying and other expensive measures individually and in
combination were contemplated, Reviewing the vast amount of malaria surveillance data
by the smallest population mnit, a significant heterogenicity of malaria in time and space
was obvious. The continuous distributiov of malaria incidence indices so derived was
empirically divided into strata of graded epidemiological and operational importance.
Mnly 10% of villages consistently produced the majority of the cases in the country.
Seasonality was also found to vary dramatically between villages. Four distinct seasonal
peaks were identified amd those villages with similar seasomal patterns had similar
geographical and hydrologic profiles., These results were used by the malaria control
programme to focus combined measures in time and space as well as serving for more
in~depth evaluation of local epidemiological phencomena.

7.6 Stratification of malaria in rural areas of tropical Africa in relation to dynamics
of malaria transmission

Rasically four main ecoepidemiological strata may be recognized inm rural areas
according to the dynamics of tramsmission: permanent, long-—term seasonal (6 momths)
annually, short—term 'episodic' seasonal (2 months) annually, and sporadic.

(1) Stratum I

Where the transmission is perpetual, occurg almost all the year and is very intense
( - 1 infected bites/man/night)} being mainly due to Anopheles gambise s.l1.
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Malaria prevalence increases until about five years of age, then gradually decreases
each year, as does the spleen rate. Seasonal variations of prevalence are relatively few
and perceptible only in children., Due to comtinucus transmission every infant is para-
sitized, but adulrs, adolescents, and even schoolboys, have developed a high level of
immunity (premunitiom), so that they are almost free of any severe clinical attacks.
Malaria morbidity concerns mainly preschool children and constitutes above 307 of the
febrile cases seen by field dispensaries, with very few seassonal variations. Malaria
accounts for about 10Z of the general infant mortality, Malaria mortality seems to concern
mainly infauts less thanm three years old and cerebral malaria is found in less than 1%
of all hospitalized cases in paediatric dispensaries. But death from cerebral malaria
could be high (up to 25%Z), Adults and adolescents are usually resistant to external
plasmodial strains.

Malaria control by vector control is very difficult to realize and hard to achieve.

This stratum corresponds to degraded forest areas of Central Africa and orher areas
where raing oceur throughout the year,

{(2) Stratum IT

Where there is a long-term (six months) seasonal transmission which ocecurs regularly
each year relating to the rains, A, gambiae s.1. followed by A. funestus are the main
vectors and inhabitants received above 50 to 150 infected bites per year according to the
local conditions. Malaria prevalence increases with age, up to ten years of age, then
gradually decreases with 2ge as does the spleen rate, which indicates the acquisition of
premunition. But there can be a difference between parasitic and spleen rates according
to the tragsmission season.

Malaria prevalence shows important seasonal variations. It is at its lowest during
the dry seagson (parasite rate - 507 in children; less than half in adults) and greatly
increases during the rainy season for children and adults (parasite rate - 80% in children).

Malaria morbidity concerns mainly children under 10 years of age and an average of
about 307 of febrile cases reported from field dispemsaries are due to malaria. But
there are great seasonal variations: from less than 107 during the dry season to more
than 507 during the rainy season (and above 807 at the end of trhe rainy season). Due to
the regularity of transmission each year, children develop theiyr immunity so that adolescents
and adults are almost completely free of any clinical attacks.

In the paediatric clinics almost a quarter of febrile cases are due to malaria, but
with great seasonal variatiops: 1% during the dry season, to about 50% during and at the
end of the rainy season, Cerebral malaria occurs (and in this case mortality could be
high (25Z)),even if it appears that it is less frequent than usually reported.

This stratum ocecurs mainly in the savanna (West Africa) and malaria control by
vector control only is very hard to achieve.

In strata T and II, 'malaria parasitaemia’ must be distinguished from 'malaria disease’,
to evaluate malaria morbidity in those strata where there is a stable walaria.

{3} Stratum ITT

Where there is a short-term (two months) episodic seasomal transmission, which occurs
2ach year during the rains and with an almost complete interruption during 10 months, the
inoculation rate is relatively low (2-3 infective bites/man/year).

Usual malariometric rates show great seasonal variations, but algo frem year to year,
according to meteorological conditioms., Parasite and spleen rates increase during the
rainy seazon for children and adults,
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The fact that trapsmission lasts just two months delays the develppment of premunition
0 that not only children but also adelegecents or even adults may have clinical
malaria. Moreover, the great increase of transmission, when the rains start, can produce
cutbreaks among populations that have lost part of their tmmunity. This condition is
especially dangerous after a succession of many years without vain, and epidemics often
greur.,

Control measures have therefore to be taken in the endemo-epidemie stratum, This
stratum is represented by the Sahel, circumgeribed areas among semi-arid regioms such as
the Horn of Africa or middle altitude areas. Such an unstable malaria may require
antivectorial measures.

(4) Stratum IV

Where the transmisgion is sporadic, this may occur under special c¢ircumstances such
as: meteorological, changes in the biotopes, or inm special places near temporary rivers.
In these foci, malaria is therefore epidemic and gevere with a high mortality which could
occur in all age groups, cven in adults. Between the epidemics episodes there iz no obvious
evidence elither of malaria (spleen rate is low — 10%) or of transmission, even at a low level.
Vector and therapeutic measures can control such epidemics, This ecoepidemiological .y
stratum corresponds to high altitude plateaux (Ethiopia) or some desert areas.

2,7 Stratification of malaria inm agricultural development areas (the Ruzizi Valley, Burundi)

The endemicity of malaria in Burundi is not only very different in the Ruzizi Valley
{altitude 800 m) apd in the hills (altitude 1500 - 2500 m), but even in the valley itself
vatious ecotypes may be emcountered. The valley has a dry tropical climate: 850-990 mm
annual rainfall., The dry season extends from June to September and a long rainy seascon

occup%es the rest of the yvear. The average daily temperature is practically constant,
23-2470C,

The present agricultural development is made up of organized farming in a traditional
enviromment. About 36 000 ha are covered with either rice or cotton cultivation. The
rice fields were established alongside the eastern slopes of the valley, where small
streams run down the hills towards the Ruzizi river, Elsewhere in the valley wild
savanna has been replaced by a new, well-ordered landscape of organized cultivated fields,
Maize,  Tudian millet and cotton are also produced.

Anopheles arabiensis, present in the whole valley has a highly variable aggressivity .v
ranging from 3.9 in Katumba to 56,1 bites/man/night in Gihanga. Gihanga {s situated adjacent
to ricefields while Katumba, 25 km south—east, has no nearby permanent water collections,

hut is situated at the edge of Lake Tanganyika and surrounded by cotton fields and cattle
breeding areas. The result is a very different type of endemicity. Ricefields induce a
stability of the transmigssion throughout the year, while in arid surroundings the breeding

of anophelines mainly depends on rainfall anmd great differences are observed throughout

the year and from one year to another. The incidence rate is on average four times higher

in the ricefield areas (0.0120) than in the cotton areas (0.0030) of the valley, The first
ares is defined as stable, the second as unstable epidemic, The vectorial capacity is

150 times lesy important in Katumba than in Gihanga, the two villages being located about

200 km from each other,

1t iz eclear that the appropriate control measures could vary from place to place in
the Ruzizl valley, according to the local endemicity, stability of transmission and
gcological environment; human activities must algo be taken into account, like spraying
of insecticides for agriculiure, cattle breeding, massive immigration and local administrative
structures.
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2,8 Stratification of malaria in a large town (Kinshasa, Zajre)

The rapid growth of the towns in Central Africa may cause changes in transmission
patterns. A study of malaria endemicity within Kinshasa demonstrated sharp differences
in prevalence observed between different areas in the city. These are probably the result
of different seciceconomic levels, or the presence, or ahsence of permanent water collec—
tions, or the accessibility of the area.

At Livulu with the highest endemicity, there is always water at the bottom of the
valley. Bteep clay sides of the valley maintaip permanent water collections as well as
fish breeding ponds. The low . ecomomic status of most of the inhabitants does not allow
them to buy antimalarial drugs, Drug stores and dispensaries are at a distance. Bad
roads make population movements rather infreguent. Barumbu on the contrary presents the
lowest endemicity although the zone is a swampy area alongside a stream. However, the
situation iz peculiar since the area iz covered by several transport and commercial estates.
The population lives scattered between these factories. Generally. the abundant mosquitos
are not Anopheles, Mont Ngafula has almost no npatural water collection being a hill of
sand, However, mosquitos find breeding places in marmade water collections in cultivated
gardens where water runs permanently. The University area represents an outstanding
situation, where children are regularly examined and all have access to antimalarial drugs.
The parents are educated and although no prophylactic treatment is given, fever is treated
without delay. Moreover, mosquitos do not find breeding places, because of the absorption
of rainwater by the sandy soil.

The important differences in malaria prevalence between places situated a few
kilometres apart suggest that the vectorial capacity is & locally derermined function.
Similarly, amopheline density and female mosquitc longevity may vary considerably in each
microclimate. ¥Even if it can be assumed that anophelines are present everywhere im
Kinshasa, the transmizzion will mevertheless be influenced by the socioeconomical status
of the inbabitanta,

2.9 Stratification of malaria in industrial development projects (tnining area in Sangaredi,
Guinea)

This area is situated on the western slopes of the Fouta Djalon mountains, 120 km
from the coast, at less thanm 500 m altitude. The climate is of the moist tropical type
with a long, dry season of abeout seven months. The population in the whole mining site
is about 8000 individuals of which 5000 are employed by the mining company. The others
are either an indigenous population existing before the development started, or people
attracted by business apd trade possibilities,

Epidemiological investigation within the five townsz of the area show the influence
not enly of the vicipity of s dispensary, but alse of the organized comsultations for the
personnel and their families of the mining company. In two towns not directly associated
with the mining company, ponds and permanent water collection caused the malaria situation
te worsen. A true rural area is in a slightly better position because the malaria
situation is not worsened by artificial housing and living conditions.

2.10 A typolopy of malaria situations in Africa, likely to be meaningful for stratificationm
for malaria control

2,10.1 Stratification according to relatively stable characteristics of transmission

The tentative listing which follows results frow anm attempt to take into account the
experience accumulated by many malariologists in Africa, in control programmes and in
research projects. An attempt has been made to define each stratum by a few important
characteristies, without trying to be exhaustive or systematic, The characteristics used
include some environmental, epidemiological, social, economic, demographic factors. Two
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characteristics are common to all the strata: the deminant parasite is P. falciparum, the
dominant (or exclusive) vectors are very effective fresh-water breeders, depending mainly

on rainfall, directly or indirectly. Tramsitions between strata are likely to be gradual,
even though for control purposes a clearcut delimitation.mayeventually be required.

The proposed typology uses on the one hand the characteristics of transmission or
some of its major determinants and, on the other hand, the response of P. falciparum to
drugs; with respect to transmission, a primary axis of classification goes from perennial
stable malaria to seasonal stable malaria te two varieties of unstable malaria associated
respectively with aridity and altitude; to this are added two mammade ecotypes, namely
urban areas and irrigation and three special groups; nomadic pastoralists, temporary
aggregations of labour, amd nonimmune temporary residents.

Furthermore, as already indicated, strata may be geographical areas or population
groups, thus allewing for some overlap between strata.

(1) Rural areas with traditional agricultural systems and stable peremnial trans-
mission; this is typical of rural areas within the egquatorial forest belt;
incidence and prevalence of infection are high; morbidity and mortality are
concentrated im infants and young (preschool) children; adults are relatively
immune elinically; towards coastal areas and estuaries the situation may be
modified by the addition of salt-water vector species, although the importance
of their contribution to transmission is not well known and may be only minor;
towards the savanna thig stratum merges into the next (2).

(2) Rural areas with traditiomal agricultural systems and stable geaconal transmission;
this is typical of savanna areas, merging towards the equator into the peremial
transmission of the previous stratum (1) incidence and prevalence of infection
and disease are similar to those of the previous stratum, with seasonal variationm
added; vector populatioms and entomological inoculation rates typieally build
up very fagt to very high peaks in the wet season; Jway from the equator, this
stratum merges into the next (3).

(3) Arid rural areas with traditional agricultural systems and unstable transmission,
the instability being due majnly to aridity; morbidity fillness) may extend into
adult age groups and may vary greatly from year to year; there is the
possibility of recurrent epidemics of malaria when meteorological conditions
(rainfall) are favourable for transmission; traditiomal oases ave part of this
stratum.

(4) High altitude rural areas with traditional agricultural systems and unstable
transmission; in this situation also there is the posaibility by recurrent
epidemics.

(5) Fopulations of nomadic pastoralists; they may form {or belong to) more than one
stratum: come are fully nomadic pastoralists, moving over wide areas following
erratic rainfall; others move in and out of settled areas (e.g. areas included
in strara (2), (3) and (6), 1in which they may be settled and engaged in
agriculture part of the year.

(6) Modern irrigation schemes in regular operation; special features: extension of
rransmission season (increasingly important as ope moves away from the equator);
frequently use of insecticides for agriculture, which may reduce transmission
but also select insecticide resistance; frequently seasonal migration of labour,
which may increase the parasite reservoir and the supply of susceptibles,
depending on the local risk, the origim of the labourers, the location, shelter
and drainage conditions of their settlements, often promoting man/vector contact).
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(7) Temporary development projects and the associated aggregations of labour
special tisk features: increase in vector breeding and man/vector copntact,
immigration of nonimmune labourers.

(8) Urban and suburban areas,

(9) HNonimmune visitorg or temporary regidents (nationals or eéxpatriates) in endemic
areds,

2.10.2 'Two important qualifyivg variableés; thé drug regponse of P, faleiparum and the
mortality from malaria :

The drug response of P. falciparum should modulate policies concerning the use of
antimalarials and is therefore of paramount importance for malaria control programmes
resting mainly on the use of drugs., It fs however not proposed to include drug-response
as & variable for stratification, becauge (i) it may change too fast; and (ii) it leads
to adjustment within a given control strategy, rather than to a change of strategy.

Mortality from malaria ig important in getting priorities between strata (and in
evaluation); it i=, however, not proposed explicitly as a variable for the initial
stratification because it is too little known, What is suggested is (i) to collect
and use whatever information iIs available on mortality from malarjia and (ii) to develop,
improve and standardize such meagurements of mortality as are feasible with the resources
that are of can be miade available. The selection and sdaptation of different control
methods in relation to the different strata, and following the primary health care
approach is emphazized (see Annexes 6 and 7).

3. Definition of objectives of stratification and e¢laboration of an approach

3.1 Objectives of stratificatien

In many malaria control programmes the same degree of reduction of the disease
cannot be achieved simultaneously throughout a national territory due to administrative,
operational, technical and financial constraints, Also the same level of effort is
not needed throughout a territory to achieve a uniformly lower endemicity. Delineation
of homogeneous strata having similar epidemiological, geophysical, socioceconomie and
ecological characterisrics will allow the formulation of appropriate objectives, targets,
and the selection of intervention measures gpecific to each stratim,

3.2 Essential features of modern control programmes

Modern long-term control programmes are expected to differ from both pre—eradicaticnmal
control programmes and eradication programmes in their egsence.

These control programmes should incorporate the following major priwnciples:

(1) Precise formulation of long and medium-term objectives and targets and opera-
ticnal flexibility appropriate to the local gituation and available resources.

(2) Selection of appropriate measures based on stratification of the malaria problem
and geographical areas, taking into consideration epidemiological, operational,
sotioeconomic criteria and administrative and financial capabilities of the
country.

(3) Ready access to antimalaria treatment based on total coverage in space and
time for every inhabitant of malarious areas,
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(4) Metheds for monitoring intervemtionms and cartying out impact assessment of the
control approaches adopted in relation to the objectives and targets,

(5) Appropriate diagnostic and treatment activities conducted through the primary
health care delivery system and preveutive activities carried out through the
specialized antimalaria epidemiological services within the overall structure
of the health gervices,

(6) The epidemiological services, with applied research and training compeonents
should be capable of identifying and defining the problems, plamning comtrol
activities, monitoring and evaluating operatioms based on the principle of
appropriate celective coverage in time and space. The peripheral structurse of
epidemiclogical services ghould correspond to malaria status and its potential
instability including the risk of re—establighment of transmission.

(7) A built-in response capability to meet emergency situations (& reserve for
outbreaks).

(8) Commupity participation in antimalaria operations,

3.3 Criteria of stratification

The specific eriteria to be used for stratification will vary depending upon the
country or area to be stratified and the perceived nature of the malaria problem thereof.
Consequently, this elaboration of the criteria is restricted to general categories and
important features to be comsidered, The general categories for criteria are: (i) epid-
emiological, (ii) operational, (ifi) sociceconomic., The intent of stratification will be
to explore the diverziry of each selected or relevapnt eriteriom and to order rhe malaria
problem according teo those perceived to Be most relevant,

3.3.1 Epidemiological criteria

- Initial endemicity levels;

- the present situation including current eademicity levels, levels of incidence,
morbidity and mortality, seasonal distribution;

- the species of malaria paragite present;

- the digtribution of wvarious vector gpecies both primary and secondary with at
least =z qualitative agsegsment of density;

-~ the instability potential which is the tendency of the situation to change or
to maintain its endemic level irrespective of the continued presence or absence

¢f control meagures;

- the rate of regsurgence in situations where malaria had heen reduced to a low
level {during previous eradication or control campaigns);

= the degree and extent of parasite resistance to antimalarial drugs being used;
~ the distribution of insecticide resistance among each of the vector speciesy

—- basic physiographical strata including hydrolegic, climatological, topographical
and ecological regions; and

- ecological interventions that may result in a change of malariolegical potential
(urbanization, irrigation, deforestation}.
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3.3.2 Operational criteria

- Coverage in case detection and treatment;

~ coverage in antivector measures;

- effect of antivector measures;

- effect of antiparasite measures;

- accessibility to cperations;

- cost of various types of measures per 1000 populationj

- representation of coverage iu terms of density per person or area of general
health services, primary health care workers, malaria-specific health workers
(both drug and vector control operations);

- rthe gtructure of logistic support and administrative services in terms of the
probability of logistic constraints and the potential for administrative
flexibility; and

- 2 plan for improvement and expansion of antimalaria operations.

3.3.3 Sociceconomic criteria

~ The impact on various socloeconomic groupe;
- the seagsonality of migrarion in relation to local transmisgion;
= the present statug of health services and plans for national health development;

- major economic¢ activities, national development plans and priority geographical
areasi and

- the resources (including financial, manpower, equipment, infrastructure,
communications) available or mobilizable and their geographical distributiom.

3.4 The process of stratification

3,41 In countries with long-term, well~developéd malaria contiol progranmes

= Collection of pertinemt data;
— processing of data for each criteriong

~ grouping of dara should be first done in a matriz format with each basic unit
{i.e. village, district, country) upnited to its set of characteristics;

- interpretation of data;

- setting of the stratum limits, display to express ahd facilitate understanding
of rhe overall stratificarion resulr;

— field testing; and

- performance analysis and restratification if needed,
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For more details see sectionm 3,1 above.

3.4.2 In countries in which there have been no larpe-scale long—term vector control
activities (mainly tropical Africa)

The process of stratification of the country for malaria control will include the
following:

(1) amalysis of available loeal information with emphasis on geographical
distribution;

(2) comparison of that analysig with the general kind of broad malaria typology
(or classification system) proposed for Africa (see Section 2,10 above);

(3) on the basis of the above, an interim operational srratification (or
re-gtratification); this combines the appreoaches "from below" (the Iocal
information) and "from above" (the typology); it includes the identification
of relevant gtrata from among thoge included in the typology, as well as of
other locally relevant subdivigions;

(4) identification and performance of required additional analyses of available
information, if any;

(5) planning of the collection of relevant information (i.,e, information allewing
refinement and updating of the stratification) as part of the control activites;
and

(6) identification and collection of required additional data, if any,

3.5 Implementation of the medjum—term plan

A medivm-term plap of malaria control measures for the whole country should be
worked out based on the operational stratification with reference to the general and
specific objectives for each type of area, The plan should include a section for areas
bhelonging to different administrative units (state/province), listing their specific
objectives and indicating the distribution of material resources among adminmistrative
units.

Operaticnal stratification is a process of analysis and synthegis of available
information on all aspects mentioned above. This should lead to the selection of
homogeneous strata, for which specific objeqtives, targets and target dates must be
establighed and methods of Intervention chosen accordingly,

Amual evaluation of the regults obtained in particular areas should allow a more
precise determination of the volume of work needed for the next year, depending on the
dynamics of malaria. This ensures implementation of the feedback prineiple, a
characteristic feature of the system approach to organizing measures based upon the
stratification data.

Stratification for planning malaria control actions needs to be tested first in
a few countries, BSuch field studies would allow its oprimization as well as disclosure
of all potentials for use in modern long-term control programmes.
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4. Logistic aspects of stratification, steps apd résponsibilities and resource

requirements

4.1 Steps and responsibilitieg

The first step is taken by those responsible for malaria control at the central
(natiopal) level and consists of a preliminarvy stratification (or re-stratification afrer
eritical review of the current stratification) on the basis of the information readily
available to them.

Information may be found in archives, libraries, academic inmstirutions {including
some outside the country), WHO and other international organizations (UN for demography,
FAOY.

The sources of information may include:

~ publighed literature, including, for example, results of malaria field research;
- wunpublished reports, including, for example, consultant reports;

- persons with experience of malaria and its control in the country;

- past and current statistieal returns from the health services and from the other
relevant services (e.g., agriculture, demography) ; and

- existing peographical descriptions and maps (e.g. of altitude, rainfall,
population),

During this process further needs for information may be identified, as well as
the pogsible sources or ways to collect it if necessary. In addition the need for
cooperation with other health programmes and other sectors (e.g. agriculture, educaticm),
ways to achieve it, and the need for an interdisciplinary approach to stratification
{e.g. public health administratiom, epidemiology, geography, social sciences, economics,
data processing, statistics, management) may become spparent, Multidisciplinary and
intersectoral workshops may be necessary.

4.2 Resources requirements for and feagibility of carrying out stratification

An asgessment of available resources is necessary to enable implementation of the
stratification process. The availability of human resources including technical expertise
should be first sought in the intermal malaria epidemiological service, However, it is
appreciated that at presenmt the national epidemiological services are often labouring
under great cemstraints, and external assistance may be required,

The feasibility of conducting a weaningful stratification will depend to some extent
on the availability of records, including operatiomal data, malaricmetric data and maps,
as well as sufficient fund allocation to do the job properly,

3.  Methodological and procedural approaches to stratificatrion

5.1 Aspects related to the basic concept

In the following sections dealing with methodological and procedural aspects,
stratification is taken in its most general perspective: a way of clas=ifying objects
in subjets that are relatrively homogeneous with respect to certain eriteria. In this
context stratificarion could take place under three basic different forms:
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(1)

(2}

H

of situationg linked to a position in a given area, thus producing stratified
maps;

0f situations not linked to a position in a2 given area, thus producing tables
of different kinds of groups;

of populations (or other local variableg) where the stratification could
produce several strata at a given site, They may or may not be presented
45 mMaps.

5.2 Aspects related to the level of analysis

Once the different criteria (that iz, propertieg that are attached to the gituation
being analyzed) are identified and — hopefully - givem a certain weight, there are many
ways that the actual information about them can be processed in order to perform
stratification. What follews does not pretend to be either a presentation of techmical
possibilities nor a liat of all possible procedures available; it is intended to serve
only as an indiecator of the wide range of potential ways of performing analysis for
stratification,

(1)

(2)

(3

Primary procedureg

- Desecriptive tables (organized data presentation);

- =synthesized tables (with some gort of quantified amalgamation of information);
- descriptive maps (medical cartography by gingle characteristics);

- guperimposed maps {(compounding of geographical maps);

— synthesized mapping (cartographic presentation of quantified amalgamation
of information).

Statiatical procedures

- Simple statistical analysis (stacistiecal digpersion measures, correlation,
regression);

- multivariate analysis (numerical taxonomy, principle component analysis);
- exploratory data apmalysis (EDA),

Mathematical procedures

- Information theory classifications;

probability distribution analysis;
- Fuzzy-set theory;

- mathematical modelling.
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The separation between "statistical™ and "primary", as well asg between "statistical”
and "mathematical"™ is for convenience, There will be borderline cases, probably sharing
two types of procedures. Furthermore data-bases and data banks, used in conjunction with
the powerful data-base management programmes avalilable, can also be of help in strarifica-
tion.

5.3 Aspects related to the tools for apalygis

The tools to be urilized are, obvicusly very much in relatien to the level of the
analysis prescented in (2). However, a certain spectrum of possibilities exists, such g

~ paper and pencil

- caleculators

- microcompulers

=~ minicomputers

- mainframe computers

Table 2 shows a tentative relationship between tocls and levels of analysis (this
is a very broad and general possible relationship, for there will he many intermediate

situations).

5.4 Aspects related to the nature of the analysis

The different levels analysis (see above) provides different degrees of intevpretation
of the situation. However, for any given degree of interpretation achievable, we can
attach to it astatic of a dynswic nature. The former implies that we will be inclined to
take the results and its interpretation as a were (but neverthelegs ugeful) dasgseription of
the situation. Thedynamic approach actually involves two typest a time-dynamic
representation, apd a process—dynamic representatfon. The former refers to a deseription
of change in historic time, the latter to the structuring of our knowledge in terms of a
dynamic model. Only mathematical modelling serves to this last nature of amalysis. All
the others serve in different degree to either description of the situation or description
of the changes.

3.5 Aspects related to disciplinarjty

The need for interdiseiplinary or multidisciplinary teams of work is commonly stated.
However, many times it is not done, or if intended, rarely is productive in terms of
effective decigions or specific results; in the end much interdisciplinary work ends with
a disciplinary product. Using dynamic as the "dymamic process" concept presented above,
table 3 shows a way of relating it to disciplinarity, in ferms of the malaria problem.
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Table 2
Tools
A B c D E
Level of Paper and Calcula- Miero- Mini= Mainframe
analysis pencil tors computers computers computers
1, Descriptive
tables * *
2, Synthesized
tables *
3. Descriptive "
waps #
4. Superimposed
maps * * *
5. Synthesized
mapping * * *
6. Simple graris-
tical apnalyvsis * *
7. Multivariate
analysig * *
8, Exploratory
data analysis * *
9. Information theory
clagsification * *
10, Probability dis- w
tribution analysis * *
1l. Fuzzy-set theoryl * *
12. Mathematical
modelling # # *

lFUZZY"SEt theory is one of geveral current mathematically defined
approaches to the processing of vague and uncertain information which does not
lend itself to classical probabilistic treatment.
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Table 3:
Nature of effort
Time—dynamic Process—dynamic

1 2
Disciplinary Malaria control Malariz epidemioclogy

3 4
Multidigeiplinary Workshop stratification Workshop for adaptive

approach by mathematical
simulation modelling

Box 1 describes the classical efforts based om the application of control meagures
te specific gituations with rare or no interaction of disciplines, and with a
relatively fixed scheme of work, that is, no attempts for prediction or adaptation
to future events,

Box 2 degecribes the efforts towards modelling the transmission of malaria, both in
general and for specific cases, acquiring by this approach a highly process—dynamic
nature, but restricted, in higher or lesser degree, to one discipline, or a few
digciplines intimately related, McDonald's model is more restrictive to a single
digeipline while the Garki model resorts to a wider number of connected disciplines
{e.g., Lwmunology and comtrol).

Box 3 reflects the present efforts in stratification, The multidisciplinarity is
imbedded in it by its own nature; although up to now probably this has not been
carried out in such a way, a workshop style of production might have to be developed.

Box 4 describes the combination of boxes 2 and 3, under the additional approach of
an adaptive attitude to problem-solving and decision—making, The multidisciplinarity
of the stratification approach is taken one step forward from the time-dynamic approach
to the process—dynamic one; or if one prefers so, we can say that the process-dynamic
malariz epidemiological models ave fortified by a multidisciplinary approach., The
adaptive nature of box 4 is given by the following particular features: (a) a geries
of simulation models interfaced with laboratory and field research, that feed cgne

to the other in progressive improvement in knowledge by identifying the main gaps
that have prierities in research, (b) an incorporation in the workshops of people

of all relevant fields related to the problem, particularly local decision—making

and local decision-implementing personnel, and (¢) specific oriemtation of the
$imulation models towards operational real-world problemsolving of the malaria
situation.
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6. Identification of possible research on development and eévaluation of stratification
methodologies

6.1 Stratification methodeology

Measurements useful for stratification belong mainly to two categories: those that
assess biclogical factors and those that assess social, economic and behavioural factors;
both categories of factors are determinants of the malaria situation and of what can be
done about it,

A "stratification methodology' includes all the individual methods applied to an area
or 2 population to divide it into strata, i.e. the varisbles selected, the sampling and
measurement methods used to assess them, the levels selected as diagnestic, the combina—
tion and weighing of different variables,

To be really useful, stratification should be flexible to the extent justified by
the rate of change of the relevant variables: some of them can vary relatively fast,
¢.g. the response of malaria parasites to drugs or the geographic distribution of the
human population,

The scale of stratification will be a balance between what might be technically
justified apd what is operationally practical.

A broad definition of research is applicable here to research on stratification
methodologies, ineluding all activities aiming at the development or evaluation of strati-
fication methodologies, as long as an objective method of evaluation is agreed upon in
advance, This could include the introduction of a stratification methodology in a control
programme, on & trial basis, and its evaluatiom: such trials would tend to be larger
than and rather different from field research projects in the strict sense, but they are
likely to be more meaningful with respect to the final putrpose of stratification (better
control).

6.2 The evaluation of current stratification methodologies

In deciding whether or not research in this particular area is desirable and possible,
and in trying to design a relevant research project, the following questions have to be
addressed:

(1} Vhat are the available and clearly defined stratification methodologies
which require research?

(2) To what whole would the stratification methodology be applied?

(3) Would there be a comparison, and if o, what would be compared? A control
programme before and after the introduction of stratification, or different
programmes {or parts of programmes) with apd without stratification or with
different stratificarion methodologies?

(4) What would be criteria of evaluation? The process, cost and direct output of
the stratification exercise (including, for example, the a prigri evaluation of
the resulting control plan)? Or, much more ambitious and more difficultr, the
cost, efficiency and effectiveness of subsequent control activities,

e
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6.3 The development of new general stratification méthodologies

Many relevant experiences are deposited in publications, unpublished reports or human
memories. It may be worthwhile to retrieve those experiences and to try fteo translate them
into explicit, relatively general and transferable stratification methodologies. Evaluation
would be either a priori (e,g. by a panel of experts on malaria and its comtrol), or aleng
the lines suggested above (see paragraph 6.2 above), or as learning material (see
paragraph 6.7 below).

6.4 Development and evaluation of a stratification methodology as part of a particular
malaria control plapning exercise, without collection of new field data

One would start without an explicit gtratificarion methodology from a particular
current malaria situeation, The design of an investigation would have to address the
following questions:

{1} What are the steps and responsibilities for arriving at the formulation of one
or more stratification methodologies eligible for evaluvarion? The application
and evaluation of some modern managerial technigqees may be relevant here,

(2), (3) and (&) aé above in 6.2.

6.5 Development and evaluation of a stratification metlhiodology as part of a particular
malaria control planning exercise with collection of new field data

This is similar to paragraph 6,4, except that the identification of crucially missing
field obgervarioms, their actual collection and their utilizarion are added to the steps
and responsibilities for arriving at the formulation of one or more stratificarion
methedologies, Otherwise, the questions to be addressed in designing an investigation
are the same as under paragraph 6.4,

6.6 Evaluation of individual assessment methods potentially usgeful fér strarificarion

6.6.1 General considerations

Given that certain variables have been accepted as relevant for stratification, there
is room for research on their assessment in the field, aiming at getting informatien that
is adequate in quality and quantity at a winimum cost}; adequacy would be evaluated in terms
of alloving meaningful stratification and/or in terms of comparison with an accepted
gtandard method of assessment; in addition to measurement methods as such, the research
may be concerned with gampling schemes and with the kinds of personnel responsible for
asgeggment, (A related possible area for regearch is concerned with data processing,
see paragraph 6.8).

Merhods potentially eligible for this kind of research are many and varied, consider-
ing the number and variety of variables that may be relevant for the diagnosis and
stratification of a malaria situation, Relevant variables may belong to such widely
different categories as the physical enviromment, the biolegical factors of host, vector
and parasite, and social, economic and behavioural factors. Relevant methods may belong
to such widely different categories as questionnaires, biological laboratory methods, and
remote sensing. The next section (6,6,2) congiders only a very limited and biaged set of
examples,

6.6.2 Some examples

Considering the importance of drug-response of P, faleciparum in relation to stratifica-
tion, the first three examples are concerned with its assessment,
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(1)

(2)

(3)

The

(4)

(5)
(6)
(N

The

(8)

(9)

The

(10)

JWP/85.0

Evaluation of simplified in vive tests, e.g, using only three or even two
meaguréements of parasite density; the following evaluation methods could be
used, possibly combined: evaluation of usable information actually lest when
using only two or three data points from 28 or 7 days tests; evaluation of a
simplified test, introduced as such in a programme, inm terms of feasibility,
information obtained and cost (see also (3)),

Ivaluation of simplified in vitre tests, e,g. using fewer, or even only one,
concentration per drug tested; here also two kinds of evaluation methods,
analogous to those outlined under (1), could be usged,

Evaluation of the response to treatment, within the regular activities of the
health services, as a first line assessment of the drug response; the method

to be evaluated could include both the clinical response of all "cases" and the
collection and examination of a blood film in a sample; with respect to the
latver, a cost/effectiveness comparison could be made between different kinds
of gample: 'clinically typical cases" (to be defined), or apparent clinical
drug failures, or a systematic sample,

fout next examples are concerned with the use of serology for strarification:

Evaluation of serolegical surveys at first admission in a sample of schools,
as a tool for mapping intensity of transmissiom.

Evaluation of pocled gera as a screening device in case detection.
Evaluation of antibody titres as an index of the intemsity of transmission.

Evaluation of antisporczoite antibodies as an index of the intensity of
transmission,

next two examples are concerned with mortality and morbidity:

Comparison of death registration in the population, mortality of in-patients,
and questiomnaires on mortality, as alternative indicators of mortality
from all causes and from malaria.

Evaluation of the clinical diagnosis of malaria as an indicator of malaria
morbidity, through objective evaluation (to be defined - it is not the same as
a positive bleod £ilm) of a sample of the diagnoses.

last example is concerned with remote sensing:
Given that strata have been tentatively defined in envirommemtal terms,

evalvation of availabvle outputs of vemote sensing as a tool for mapping the
strata.

6.7 Development and evaluation of teaching/lesrning sids and methodologies concerned

with stratification

Some of the materials that ceuld be considered:

(1)
(2)

A course outline, including glides and exercises (individual orcollactive).

A self-teaching programmed instruction manual.
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(3) A strarification game simulating, through a group discuggion, the interacricn
of responsibilities and disciplines inmvolved in stratification,

(4) Interactive computer simulations relating the cost of information, the cost of

contrel, alternative decisioms about stratification, and effectiveness of the
PLOgYammea,

Evaluation of the materials could be considered in terms of knowledge gained in a
given time perlod as asgessed by pre- and post-—tests, and in terms of subaequent
performance in a real life stratificatiom exercise,

6.8 Development and evaluation of data processing methodologies sensu lato concerned
with strarification

There may be room for research concerned with economic and effective colleetiom,
recording and processing of data relevant for strarification; effective display of the
outcomes of stratification, and methodologies for producing and updating such displays
rapidly and economically,

Some of the methedologies developed by medical geographers may be relevant here,
such as computer mapping, including the identification of clustering, significant
deviations and assoeciarions.
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Annex 1

Agenda

1. The conceptualization of stratification and its practical implications.

2. Definition of objectives of gtratification and elaboration of approaches.

3. Techniques, measurement methods and critevia of stratification.

4.  The resource requirements for and feasibility of carrying out stratification.

%,  Differentjation of malaria control measures for delineated strata
{practical application).

6. Methods of expressing and documenting stratification for dissemination of
information and for training.

7. Practical considerations of malariological stratification as an integral
component of stratification for the control of locally endemic diseases
within the primary health care strategy.
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ANNEX 3

LIST OF WORKING PAPERS

Number Title ‘ Author

1. Draft Agenda
List of Working Papers
List of Participants

The concept of stratification of tarritories Dr V.8, Orlov et al.
and its practical implications

Operational stratification of malarious areas Dy V.53. Orlov et al.

Bagic stratification of malarious areas Dr V.5, Orlov et al,

Practical approaches to the delineation of Frof, M. Wéry
malarious areas in tropleal Africa

Quantification and epidemioclogical diversity F. Carnevale

of malaria mortality in Africa - practical J. Vaugelade
experience

Epidemiological diversity and selectiom of C. Yang
measure for malaria control within the ‘

strategy of primary health care = an

illustratlion of some experience in China

Integrated vector control and selection of r R. Fontalne
teasures suitable for specifie epidemio-
logical conditions

Approaches to malaria stratification in A.V. Koondraghin
relation to the rarional use of anti-
malaria drugs

Identification of possible research on L. Molineaux
development and evalvuation of stratifi-
catlon methodologies

Stratification of malaria situnations in R.L. Kouznetsov
troplcal Africa for the development of L. Molineaux
malaria control through primary health P.F, Beales
care :
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ANNEX 7

THE USE OF ANTIMALARIAL DRUGS IN AREAS OF TROPTCAL AFRICA WITH OR WITHOUT P. FALCTPARUM DRUG RESISTANCE

Treatment groups

Level of
clinical
competence

Arcas where
P, felciparum
continues to be
gensicdive to
thloroquine

Areae where
E. faleiparym
has a low grade and/
ot 4 low fregquency
of registance to
chloroquine

1L

Ar¥ean wherae
E. falciparum
has o high levael apd/
or high frequency
of renistince to
chloroguine

IT17T

Arens where in addi=
tion te high rosigt-
ance of P,fuleiparvm
te chloToquine the
paragites are also
registant to sullano-
mide/pyrimathaming
combination:

Iv

A: Treatment of

1.1 Mild and moderate
malaria
infections,

1.2 Mild and mederate
melaria infoo~
tions not respondd
ing te initial
treatmont,

1.3 feverc malaria

cnges,

B: Chemoprophylaxia
{onee a waek).

C: Mases drui adwini~,
stration” {(period-
icity depending on
epidemiologionl
conditione),

Primary health
carce lovel,

Referral level

Referral level

1.3.1 Where
facilities for
intravenous
are available,

1.3.2 Where
facilities for
intravenous
infusion are
not available.

Chloroquine orally
(25 mg base/kg) over
3 days.

Quinine 20 mg =alc
{loading dese) in

10 ml/kg isotonic
saline ot 5% dextrosze
infusion over 4
hours, then 10 mg
zalt/kg over 2 to 4
houts, 8-hourly until
patient can swallow
tablets, te complete
7 daye treatment, or,
chleroquine 5 mg
base/kg in 10 ml/kg
igotonie saline or

57 dextrose t,v.
infusion over 4 hours
then 5 mg basc/kg
over 2 to 4 hours,
11=haurly to total
doso 25 mg base/ kg.

i.v,

Quinine 10 mg salr
i.m, 8=hourly until
the patient can
swalley tablets to
complete 7 days
treatment, or,
shloroguine 5 mg
bage/kg i.m. 12-
hourly to a total
doze 25 mg base/kg,
ot ag divided dozes
2.5 mg base/kg,
followed with another
dose 2.5 mg base/kg
then gama dose may be
repeated every 11
hours to a total

dore 25 mg base/kg.

Chlorogquineg 5 myg
bage/mg .

Chloroquine 10 mg
base/kg and prima-—
quine 30 - 45 mg.

Chloroquine orally
(25 mg base/kg) over
3 days.

smodiagquine orally
{25 mg/kg) over 3
daye or et nop=
immune subjocts sul-
fadewine or sulfalene
(1500 mg} and
prrimethamine (75 mg)

Ag in I A, 1.3.1 hut
only with quinine, as
goen a8 patient can
awallow tablets, a
gingle doze of szulfa-
doxine or sulfalene
(1500 =g} and
pyrimethamine (75 mg)

Az in L A, 1.3.2 hur
only with guinine, as
soon 23 patient can
swellewe tablots, a
single dose of gulfa-
doxine ot sulfalene
(1500 mg) =nd pyri-
methamine (75 mg).

Amediaguine 5 mg
baze/kg.

Chleroquine or
amodiaquine 10 mg
base/kg and
primaquinge 30-45 mg,

Amediaquine (25 mg
base/kg) over 3
days,

Sulfadoxine or
gulfalens (1500 mg)
and pyt imethamine
(75 mg),

As in T A&, 1.3.1.

Ag in IT A, 1,3.2,

Ag in II B. for
special groupe and
conditions see taxt
4.3,

Amodisquine or chlor-
cquine 10 mg baze/kg
and primaquine 30 -
45 mg.

Amodiaquine (25 mg
bane/kg) over 3 dayg.

Mefloquine (750 mg)
oT quinine 1800 mg
for 7 days and tetra-—
cycline (5 mg/kg) 4
times a day for 7
daye.

Ag in IT A, 1.2.1 but
enly with quinine, ag
KOOU as pALieAr camn
swallow tabletn, a
single doge of
mefloquine (750 mg) or
quinine 1800 mg a day
until day 7 in conjun—
ction with tetracyeline
{5 mg/kg} 4 times &
day far 7 days.

Ag dn IT A, 1.3.2 but
only with quinine, as
goon &8 patient can

twallow tablets as
abave.

Not proposed, since
no effective and safe
druga are at prescnt
rocommended.  For
protection of special
ZYouphk Bee text 4.4,

Not proposed, since
no effective and safe
drug or combination
of drugs are at
preasant rocoumended .

Tt is assumed that thie will only oceur in combination with effecrive antivector measures and
the period of mass drug adminigtration iz limited to 2 very short period rogquired to contral

an apidemic,
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INTEGRATED VECTOR CONTROL AMD SELECTION OF MEASURES
SUITABLE FOR SPECTIFIC EPIDEMIOLOGICAL MEASURES

Introduction

Integrated vector control (IVC) is the utilization of all appropriate technolegy to hring

about an effective degree of vector control, for the suppression of diseases, and requires as
a basis, sound ecological understanding, cousidering the enviromment as well as public
health. Implied is a careful prehestration of individwal methods to achieve the required
goal, While implying that multiple measures of vector control are needed, IVO should not
exclude the intentional application of a single measure where knowledge of naturally ocecuring
biotic and abiotie population controls and vector habits indicate that the single applied

measure alene may suffice. Stratificatiom of a malaria problem may aid integrated vector
contrel, by accurately classifying a set of local background conditions, facilitating

preparation for action and selection of the correct mixture of measures,
IVC encompasses six essential characterigtics:
(1) A sound ecological understanding of the target vectors.

(2) A quantitirive analysis of the costs and benefits of a programme in terms of its
impact on man and his environment.

(3) Implementation of source reduction programmes wherever possible.

(4} Development and implementation of a supplemental programme invelving an integration
of complementary control measures.

(5) Development of a monitering system that will detect changes in the effects of the
mosquito control programme.

(6) A constant update of the control programme to meet changes in the ecologles of the
target mosquitos,

Ecological background comtrol measures and surveillance require some further elaboration.

1. Ecological background

For any given vector species or strain it can be assumed that a set of natural biotic and
abiotic factors and genetic variability iafluence its distribetion, abundance and respouse to
control measures. However, our current knowledge of these natural controls for any mosquito
species is limited. Our ability to accurately describe the true niche of a glven species and
the catastrophic or density-dependent factors which reduce populations will esnable us to
further 1limit the extent and refine the methodology of control measures, The understanding
will improve with time and research, Meanwhile, our attempts to control veetor abundance and

man=hiting behaviour will continue to be partially integrated, partially selective, and
somewhat of an overkill,

An analogy with integrated pest management for agriculture may help our understanding of
the relationship of eco-epidemiological stratification of malaria to IVG. Agricultural pests
reach abundance within homogeneous strata, These consist of uniform resources designed by
man for man, the crop. Thus, zgriculturalists study pest ecology and design control within
these preformed strata, The resource supporting the population of a single strain of
mosgquite vector (even mammade problems) is rarely distributed uniformly in time or space,

S0 in one sense the topographical and cultural diversity of any area presents a confusion
which might be better understood after stratification, If successes of lntegrated pest
management ¢an be partically sttyibuted to the simplicity of the resource, then
stratification will certainly aid integrated wector control.
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2. Control measures

Vector contral programmes are now confronted with numercus physical, chemical,
biological, and genetic control measures. Avajlable measures are similarly compiled in
technical manuals and these in turn are revised periodically. While there is no grear npeed
to further understand control measures over and above an increased understanding of the
eco~epldemiclogical situation where they are applied, the use of multiple measures will bring
up questions of sequencing, timing, and interaction, While the sequence of source reduction
followed by complementary methods, may not be appropriate inm all settings, it does Imply that

these two classes of measures be considerad carefully when integrating them. They should
often be applied in order rather than by blanket coverage and their interaction with

simultansously applied or existent natural controls must be considerad.

3. ﬁHfVEillaEEE

With malaria control, the goal of integrated vector contrel = an incidence threshold,
acceptable to the community - should serve as the ultimate standard for sutvelllance
operations, but not as the immediate indicator for antivector measures, Facrtore, which
accurately forecast the risk of transmission should therefore be chosen for monitoring,
Anopheline density, longevity, man-biting habit and length of the sporogonie cycle can all
influence malaria transmission alone or inm combination. Dengity survelllance iz =Implest and
In many but not all situations may be most appropriate. Additionally, demsity monitoring is
the unavoldable first step to monitoring efther longevity or man-biting habit, Where
longevity or man-biting habir do vary sufficiently uunder natwral conditiona, particulariy for
species whose density tends toward stability, the monitoring of zll three factors should he
considered. Often interventions are intentionally designed to alter longevity or man-biting
tates, thereby requiring some sort of periodic assessment of these varlables. Where ambfent
temperatures characteristically reach a lower extreme, Plasmodium development in the vector,
ambient Lemperature monitoring would ¢ertainly aid an integrated vector control programme,
The setting of these thresholds followed by surveillance allows concentration of control
efforts in time and place, and an immediate evaluation of the measures implemented.

The diversity of control measures used will also prescribe certain supplemental
gurvelllance measures. Larval control must be conplemented by surveillance of larval
habitats and threshold levels of toleramce conceived to be associated with production of
critical levels of adult anophelines. When pesticides are used, perlodic reassessment of
susceptibility should also be incorporated into the surveillance programme. More
sophisticated control measures will require additional secondary monitoring. While 5 large
variety of secondary monitoring systems may have to be considered, the numbers im a practical
control programme must be limited to those which are truly essential,

In conclusion, surveillance for integrated control takes several forms with several
purposes. The methods used will naturally vary ip accordance with trhe eco—epldemiological
siteation. Understanding the vector ecolopy and disease ecology will naturally assist in
choosing among various surveillamce measures, The selection of the type of survelllance
measure as well as their geographic distriburion and density may similarly be modified hy a
preliminary and ongoing stratification of the problem.

Current Integrated vector system for malaria control

Accounts of intepgrated vector systems for malaria control are very sparse, particularly

in comparison to the frequency of reviews or presentations of the principles of Integrated
vector contrel. Several are in small, relatively homogeneous areas obviating the need for a

major eco~epidemiological stratification. Pregumably, many malaria control programmes

currently have IVC underway which for various reasons remain incomplete or incomplately
documented,
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