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ABSTRACT

Microcomputer support for health care delivery is a
relatively new concept in developing countries,
despite serious shortages of human expertise. In this
light, the concept of microcomputer-based decision
support for patient management at the rural health
centre level in The Gambia is discussed and
developed. Possible methodologies are devised and
evaluated, taking into account constraints imposed
both by feasibility of hardware for the rural African
setting and by appropriate software techniques.

Clinical data were collected for a pilot systemn,
which was implemented using a Bayesian methodology,
and assessed, with encouraging results. Further
sources of data were then considered in order to
generalise the pilot system into a prototype, which
was 1implemented on a portable solar-powered
microcomputer.

The evaluation of this prototype system, and the
difficulties involved 1in undertaking rigorous
evaluations of this type of decision aid, are
described and discussed. Whilst it is not proven that
major health benefits would arise from the widespread
introduction of such systems, the results of this
preliminary study suggest that this type of approach
merits further consideration and development.
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Chapter 1: INTRODUCTION

1.1 Background

1.1.1 Health Care Delivery in Developing Countries

In The Gambia, as in many developing countries,
effective health care delivery is fraught with wide-
ranging difficulties. These include logistic, infra-
structural, financial and manpower problems, amongst
others, all of which combine to result in suboptimal

levels of health care, particularly in the rural
areas.

The much publicised World Health Organisation (WHO)
initiative of "Health for All by the year 2000" [WHO
1981], now half way in the time span from inception
to completion, therefore still appears to have a long
way to go in some parts of the world.

Programmes of action in the search for '"Health for
All" have been planned and implemented in various
guises in different parts of the world. The general
concept of strengthening primary health care, in an
attempt to move away from the over-resourcing of
expensive high 1level care that has frequently
occurred, has been a major feature. The concept of
providing medical care at a community level through
the use of local personnel with moderate training,
rather than advanced university-based education, has
underlied most primary health care schemes. The
importance of the trained doctor acting in a modified
role of supporter for less trained health workers has

page 1.1



Chapter 1: Introduction

been emphasised [Mahler 1983].

One of the most difficult areas in primary health
care in developing countries is that of organisation,
training and management within the health care
system, given a general commitment to devolve health
care delivery to the local community 1level. One
important aspect in this is the enhancement of
central management, as opposed to health care
delivery, facilities [WHO 1988 A]. Infrastructural
and other difficulties in developing countries often
make the management of an extensive, devolved system
very difficult.

A further area of difficulty lies in the planning
and subsequent assessment of primary health care
programmes. Components that should and should not be
included in a national or regional programme are
often determined largely by economic constraints in
poor countries, where per capita expenditure on
health services is typically very low. An objective
approach to programme planning is in any case likely
to be difficult due to poor or inadequate knowledge
of the effectiveness or otherwise of similar previous
programmes. The whole area of the assessment of
primary health care programmes, particularly in
developing countries, is a difficult one [Roemer &
Montoya-Aguilar 1988].

1.1.2 Medical Informatics

Medical informatics is a relatively new discipline
within medicine, which has seen rapid growth 1in

page 1.2



Chapter 1: Introduction

recent years, in parallel with technical improvements
in and increasing availability of computer
technology. Perhaps because of the relatively
innovative status of informatics within medicine,
routine and established applications are relatively
scarce. There does, however, appear to be an
increasing recognition of the ©potential of
informatics applications in health care [WHO 1988 B].

1.1.3 Decision Support Systems in Health Care

One aspect of medical informatics is the area of
the potential use of information technology in a
decision making or advisory role within health care.
Much work in this area has concentrated on the
theoretical basis of potential systems, and on
implementations of large systems, usually on

mainframe computers, that typically cover particular
medical specialities.

It is clear that one major difference between
richer and poorer areas of the world lies in the
availability of qualified medical personnel. It is
also unfortunately true that most research and
development on decision support systems for health
care 1s taking place in, and directed towards, richer
countries. At a recent international meeting, the
Peter L. Reichertz Memorial Conference on EXxpert
Systems and Decision Support in Medicine [Rienhoff,
Piccolo & Schneider 1988] there was a strong
correlation between the number of presentations and
doctor:patient ratio in different parts of the world
(Figure 1.1) [WHO 1988 C]. In fact the work described

page 1.3
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Figure 1.1: Origin of presentations at the
Reichertz Memorial Conference, September 1988, in
relation to the ratio of people:doctors, in different

regions of the world.
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Chapter 1: Introduction

in this thesis was the only presentation relating to
work 1in Africa, despite the very 1low rate of 39

doctors per million people throughout the continent.
Thus there appears to exist the paradox whereby the
region most lacking medical personnel 1is also
receiving the least attention in terms of the
development of decision support for health care.

1.2 Aims

The aims of the studies on which this thesis 1is
based constituted the following:

consideration of the feasibility and potential
usefulness of microcomputer-based decision
support for health care delivery, at the level
of rural health centres in The Gambia

consideration of appropriate methodologies that
could realistically be applied to a decision

SUpport system in this context

compilation, from a variety of sources, of a set of
data/knowledge that would be relevant to such a
system

encapsulation of this information into a prototype
system

bench evaluations of the methodology and data using

the prototype system, followed by a clinical
evaluation

page 1.5



Chapter 1: Introduction

1.3 Locality

These studies have taken place in The Gambia during
the period 1985 to 1990, based at the United Kingdom
Medical Research Council's Laboratories at Fajara
(director Dr. B.M. Greenwood). These laboratories
have been operated in The Gambia by the MRC since the
late 1940s, having previously been used by colonial
medical services and as a military medical facility
during the second World Wwar.

The MRC Laboratories in The Gambia currently have a
main base at Fajara, on the coast near the capital,
Banjul, together with three field stations inland.
The MRC Dunn Nutrition Unit, Cambridge, (director Dr.
R.G. Whitehead) also runs a field station in The
Gambia, at Keneba, which is primarily concerned with
questions of nutritional physiology.

The research interests of the MRC Laboratories have
traditionally been centred on tropical infectious
diseases such as malaria and schistosomiasis. More
recently this scope has widened to include acute
respiratory infections, hepatitis B and AIDS.

page 1.6



Chapter 2: THE GAMBIA
2.1 Introduction

The Gambia is a small country on the coast of West
Africa (Figure 2.1). It is 10,690 km? in area [Times
Books 1987] and the total population recorded at the
census of 15th April 1983 was 687,817 [Central
statistics Department 1987]. It has been an
independent nation since 1965, and is a member of the
Commonwealth. From 1982 until 1989 it was one partner
of the Senegambia Confederation.

2.2 History

Islands in the river mouth provided ideal bases for
colonising powers. James Island was occupied by the
Portuguese as long ago as 1456, and Britain first
manned Dog Island in 1661. On the largest island,
Britain established a colony, the town of Bathurst
(now Banjul) in 1816, and the final shape o0f The
Gambia, as a British colony and protectorate, was
defined in 1889. Colonial rule continued until
independence was granted on 18th February 1965, with
Sir Dawda Jawara as Prime Minister. A referendum in
1970 constituted the country as a republic with H.E.
Sir Dawda Jawara as President, a position which he
has held ever since. In February 1982 a Confederation
was formed with the surrounding state of Senegal, but
the strongly British traditions and influences that
persist in The Gambia, with contrasting Francophilia
in Senegal, resulted in 1little genuine integration,
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Chapter 2: The Gambia

Western Sahara

Cote d’lvoire

Figure 2.1: Map of West Africa, showing the
position of The Gambia.
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Chapter 2: The Gambia

and the Confederation was disbanded in 1989.

2.3 Geoqgraph

The geography of the country is dominated by the
river (Figure 2.2), which is saline or brackish as
far inland as the stretch between Farafenni and
Kuntaur, with some seasonal fluctuation. Tidal
variations in the river level extend beyond Basse.
Most of the land surface is composed of sandstone
laid down during the late Tertiary era [Moffatt,
Anderson & Williams 1975]. The predominant pattern of
vegetation is Guinea savanna and secondary forest,
with very 1little primary tropical forest remaining.
The saline reaches of the river are bordered by dense
mangrove swamps.

The Republic of Senegal totally surrounds The
Gambia, apart from the Atlantic coastline, with
relatively undefined borders. At its widest, The
Gambia is 48 km from north to south, narrowing to 24

km inland. The 1length of the country is 330 Kkm,
although actual distances by road or river are

considerably longer due to the meandering nature of
the river.

2.4 Climate

The Gambia is critically situated on the transition
zone between desert to the north and tropical
rainforest to the south. Travelling as little as 100
km in either direction results in major climatic

page 2.3
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Chapter 2: The Gambia

variations. Increasing desertification and associated
Sahelian droughts have therefore had a major impact

on the climate, and consequently on the environment,
in recent years.

The annual climatic pattern consists of a single
rainy season, normally starting in June or July,
peaking in August and ending in October. During the
rainy season the relative humidity is high, and
remains so for about a month after the last rain.
There is then an abrupt transition to relatively cool
and dry weather, from which temperatures gradually
increase towards the next rainy season. Rainfall,
temperature and humidity from March 1987 to June 1988

as recorded at Sapu, near Georgetown, are shown in
Figure 2.3.

The single most important long-term meteorological
parameter for this type of environment is annual
rainfall. Records have been kept at Banjul since 1886
and it 1is therefore possible to look at 1long-term
trends (Figure 2.4). Despite considerable annual
variations, there is a clear trend to lower rainfall,

particularly in recent years [Hutchinson 1982].

2.5 Population

In common with many developing countries, accurate
registration of births and deaths is not undertaken
on a nationwide basis in The Gambia. However, there

have been regular censuses every decade since 1901,
the latest of which was undertaken on 15th April

1983, This revealed a total population of 687,817,
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Figure 2.3: Data from the meteorological station at
Sapu, near Georgetown, from March 1987 to June 1988,

showing (a) maximum and minimum temperature, (b)

maximum and minimum relative humidity and (c)
rainfall.
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Chapter 2: The Gambia

compared with 90,404 in 1901. This represents a high
annual growth rate of 2.5% during this century. 1In
the opinion of the Central Statistics Department,
this high rate of growth is probably partly due to
in-migration [Central Statistics Department 1987].
The 1983 population density of 64 people/km2 is very
high by African standards.

The population is heavily clustered to the west of
the country, in the urban and peri-urban communities
associated with Banjul. The population distribution

by Local Government area, from the 1983 census, is
shown in Figure 2.5.

The age and sex distribution of the population from
the 1983 census is shown in Figure 2.6. This shows

the large proportion of young people in the
population, typical of developing countries. The male
life expectancy at birth has been quoted as 41.3

years, female 44.2 vyears [Central Statistics
Department 1987].

A variety of ethnic groups make up the total
population, with Mandinka, Fula, Wollof and Jola
accounting for 85% of the total population. Serahuli,

Serere, Manjago and Bambara account for a further
13%. The remaining 2% of the population includes a
small group known as Aku, comprising only 0.8%, who
are descended from repatriated slaves following
abolition. They are generally Christians, well
educated, and were extremely influential in colonial

times when they occupied the majority of civil
service positions. Their undue influence has since

waned, although they are still well represented among
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Figure 2.6: Age and sex distribution of  the
population (1983 census).
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Figure 2.7: Ethnic distribution by Local Government

area (1983 census).
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the offices of Banjul. Ethnic distributions vary
considerably by area, as is shown in Figure 2.7.
Religious beliefs were stated as Islamic by 96% of
the population [Central Statistics Department 1987].

2.6 Social Organisation

The origins of current social structures are
somewhat obscure [Lowe 1975]. Circles of standing
stones in many locations on the north bank of the
river are thought to be at least 1,000 years old.
Settlers probably arrived from the Manding empire
after the 12th century. Islam was first introduced

from the north-east to a largely animist population
after the 15th century but did not become widespread
until the 19th century. A traditionally stratified
and hierarchical society persists, based on discrete
villages of variable size, from 20 to 2,000 people.
These consist of discrete compounds, physically
fenced, which contain a number of buildings occupied
by a single extended family. Villages have one or
more central meeting places, known as bantabas, where
older men spend large amounts of time. Each village
has a chief, or alkalo, who presides over village
decision-making.

Both local tradition and Islam sanction polygamy,
and many men have more than one wife. Men usually
marry fairly late - over 30 - when they have
sufficient means to pay for and support a wife. Women
typically marry between 15 and 20, and this age
difference results in the availability of men and
women for marriage being consistent with polygany.
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2.7 Economic Structure

In a country with minimal natural resources 1like
The Gambia, agriculture plays an vital role in the
rural economy. The primary cash crop is groundnuts,
although successful cropping is crucially dependent
on the amount and distribution of rainfall in the

season. Various other crops are grown on a mainly
subsistence basis.

Tourism has increased during the past decade, but
is largely confined to the coastal region. 1Its
economic benefits are limited by extensive

involvement of foreign companies, dependence on
imported commodities and seasonality.

In collaboration with the World Bank and the
International Monetary Fund, the Government decided
to float the currency (Dalasi) on the international
market in January 1986. Although this rapidly
resulted in a devaluation of just over 100%, since
then exchange rates have been stable (at
approximately D12 to £1). This stability coupled with
availability of foreign currency is leading to a
gradual increase in trading and manufacturing
prosperity, although the economy is still crucially
dependent on overseas aid.
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3.1 Introduction

In the 19th century the West African coast acquired
the epithet "the white man's grave" as a result of
the high mortality experienced by government
officials and missionaries in consequence of exposure
to malaria, yellow fever, and other tropical diseases
without the benefits of modern drugs and vaccines,

and without the acquired immunity of the local
population.

This situation is now reversed; it is foreigners
and a local elite who have relatively unlimited
access to medical care and treatment, while the
majority of the indigenous population still suffer
from high morbidity and mortality rates.

3.2 Health Services

The Ministry of Health delegates responsibility for
delivering health care to the Medical and Health
Department, which is headed by the Director of
Medical Services. The Department divides the country
into three regions, West, Central and East. The
regional headquarters (Banjul, Mansa Konko and
Bansang) each have a hospital with in-patient
facilities, though the Royal Victoria Hospital at
Banjul also acts as a national referral centre. :Each
region then has a network of health centres, which
vary in size and in the facilities they offer. A
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minority of these are run or supported directly by
outside agencies.

Until 1988 health care in the Government system was
given free of charge. However problems frequently
arose of non-availability of supplies, and various
outside agencies including the World Bank set up in
1988 the National Health Development programme. This
provided initial funding for supplies on the basis
that charges would be levied, and the proceeds used
to maintain a revolving fund for future purchases.
Fixed charges for consultations, prescriptions,
hospital admission, etc. have been defined, and a
number of patient groups, notably children, exempted.
At this stage the long-term effectiveness of the
revolving fund arrangement cannot be assessed.
However, the local reaction to the concept of paying
for health care seems to be favourable provided that
treatment is genuinely more readily available.

In addition to Government health services, there
are a number of private practices in operation. 1In
Banjul these are often run by highly qualified
medical practitioners for whom available remuneration
in Government service would be very unattractive. In
provincial towns there are also a number of private
clinics and dispensaries operated by generally less
well qualified people. Nevertheless they often serve
a useful function in providing treatments
temporarily unavailable in the Government system.

The Royal Victoria Hospital (RVH) at Banjul dates

back to colonial days, and is still the national
referral centre. It offers a reasonable range of
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surgical facilities, adult and paediatric medical
wards, laboratory facilities, etc. A large proportion
of the senior staff are non-Gambian, many supported

by overseas agencies such as the British Overseas
Development Administration (ODA).

In addition to conventional '"western'" health care
there exists a considerable and active group of
traditional healers (Fig. 3.1). Many traditional
beliefs and practices have become integrated with the
Islamic religion, to the extent that charms and jujus
often contain Koranic texts. In seeking health care
it i1s not wuncommon for people to consult
both traditional and "western" practitioners.

3.3 Problems of Health Care Delivery

Apart from general under-resourcing of the health
services by international standards (prior to the
National Health Development programme the annual
Government drug budget was $220,000, approximately
$0.30 per capita), there is also a shortage of
suitably qualified staff. This is compounded by
problems with conditions of Government service, and
also a general disinclination among trained staff to
reside appreciable distances away from Banjul.

Problems of communication and transport cause
further difficulties and make, for example, in-
service training very difficult to arrange
effectively. Similarly, referral to larger health
centres 1is often difficult and dangerous. A study of
maternal mortality around Farafenni  showed that
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Figure 3.1: A sisebulandilo assesses whether a child

has a respiratory infection by comparing the
distance from the shoulder across the head to the

other shoulder with chest circumference.
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deaths generally occurred either at home or on the
way to a health centre [Greenwood A.M. et al. 1987].

The appropriateness of health care delivery is
difficult to assess objectively. It is the general
opinion of clinical personnel at the higher levels of
the health system that in many cases patients are
inappropriately managed at earlier consultations,
either due to 1lack of suitable drugs or of
understanding of the patient's condition. It is hard
to substantiate this other than at the anecdotal
level however since investigating patterns of patient
management at a small health centre would almost
certainly alter the normally pertaining situation.

3.4 Mortality

The lack of effective death registration makes
accurate assessment of mortality rates on a
nationwide basis difficult. Based on the 1983 census,
indirect methods of mortality estimation lead to an
infant mortality rate (IMR) of 167 per thousand and
life expectancy at birth of 42 years [Central
Statistics Department 1987]. This is substantially
lower than in the 1973 census, though methodological
differences preclude an exact comparison. However, it
is clear in both censuses that the IMR at the western
end of the country is approximately half that at the
eastern end. There is a clear long-term trend towards
lower infant mortality; in the early 1950s IMR in a

group of villages around Keneba was found to be 420
per thousand [Gamble 1952].
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More precise estimates of mortality rates and also
of cause-specific mortality are available from
studies within particular areas. In a rural area
around Farafenni (total population 12,500) during a
one-year period 1982-3 the infant mortality rate was
142 per thousand live births and child mortality rate
(1 to 4 years) 43 per thousand per year [Greenwood
B.M. et al. 1987 A]. In this study causes of death
were retrospectively assessed by a verbal post-
mortem. (The accuracy of this technique was
indirectly assessed separately [Alonso et al. 1987]).
Of infant deaths, 47% occurred in the neonatal
period. In the children who were 1 month to 6 years
old at the time o0f death, 20% of deaths were
attributed to acute respiratory disease, 18% toO
malaria, 12% to meningitis, 11% to malnutrition
and/or chronic diarrhoea, and 10% to acute
gastroenteritis. Seasonality of deaths was very
marked, with 71% occurring between June and November.
Only 12% of deaths occurred in a hospital or health
centre, and a third of these were in neonates whose .
mothers had been admitted before delivery due to
complications of pregnancy.

In contrast to child mortality in the rural
community, cause-specific mortality data for
paediatric admissions to. RVH during 1988 has malaria
accounting for 27% of deaths, malnutrition 17%, acute
respiratory infections 11% and meningitis 8% |[D.
Brewster, personal communication]. Children admitted
to the RVH are clearly a selected group; they
represent the severe end of the disease spectrum and
are not geographically representative, although some
will travel long distances to be admitted. However,
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it is clear from these data that, unlike national
referral centres in other parts of the world, a large
proportion of the paediatric mortality at RVH 1is
attributable to a similar group of causes as
mortality in the community.

3.5 Morbidity

Major causes of morbidity, particularly among
children, are the same group of infectious diseases
that constitute major causes of mortality. As with
mortality, in adults morbidity is not well
quantitated. In children, most assessments that have

been made are disease-specific and often confined to
a particular part of the country.

3.5.1 Malaria

Malaria is one of the most investigated diseases 1in
The Gambia, starting with work in Keneba as far back

as the early 1950s [McGregor & Smith 1952]. At that
time, malaria appears to have followed a classic
holoendemic pattern, since even at the time of
McGregor's survey in April/May 1950, during the dry
season, 92% of children aged 1 to 10 years were
infected. Infants benefited from maternal immunity,
with an infection rate of 63%, while from 11 to 30

years of age 88% were infected, and over 30 years
only 20%.

More recently, in the Farafenni area in 1982, a
cross-sectional survey of malaria parasitaemia at the
end of the rainy season - a periocd of maximum
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prevalence - only found an infection rate of 33%
among children under 7 years of age [Greenwood B.M.
et al. 1987 B]. In the same area in 1985 cross-
sectional parasitaemia was 9% in the dry season and
43% at the end of the rainy season [Snow, Rowan &
Greenwood 1987].

In terms of clinical morbidity, however, it 1is
clear that the presence of parasitaemia has 1little
predictive value. There is a general association
between high parasite densities and acute clinical
malaria, characterised by high fever and generalised
illness, but there are many exceptions (Fig. 3.2).
Weekly surveillance for episodes of clinical malaria
(achieved by weekly measurement of temperature and
examination of thick blood films taken from children
with a fever of 37.5°C or greater) was undertaken
during the rainy season in the same cohort of
children found to have a parasite rate of 43% at the
end of the rainy season [Snow, Rowan & Greenwood
1987]. This showed a mean rate of 25 clinical
episodes per 1,000 observations during the 7 week
peak of malaria infection during the rains, and an
estimate of 0.25 episodes per child per year.
However, other estimates have been made indicating
higher levels, around 1 episode per child per year

[Greenwood B.M. et al. 1987 B; R.M. Downes, personal
communication].

As far as treatment goes, most malaria in The
Gambia is sensitive to chloroquine, although there is

limited evidence of emerging resistance [Menon et al.
1987].
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Figure 3.2: Relationship between malaria

parasitaemia and axillary temperature in 607 Gambian
children studied in a cross-sectional survey in
November 1982 (data from Greenwood et al., Trans.

Roy. Soc. Trop. Med. Hyg., 81, 478-486.)
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3.5.2 Acute Respiratory Infections

A cohort of approximately 500 children aged 0 to 4
years in a rural area around Basse were monitored
weekly for a period of one year for respiratory
disease. During this surveillance, 222 acute lower
respiratory infections, as defined by WHO criteria,
were detected [Campbell et al. 1989; World Health
Organisation 1985]. Of these cases, 81 showed
radiological signs consistent with lower respiratory
infections and 25 showed lobar consolidation.
Aetiological classification of such disease is not
easy at the community level. However it is clear that
there are major bacterial and viral causes of
respiratory disease. There is also considerable minor
morbidity from upper respiratory infections; in the
same cohort a further 4,310 episodes of less severe
respiratory disease were recorded, amounting to
approximately 9 episodes per child per vyear. It is
unclear at present whether particular types of upper
respiratory infections tend to lead to acute lower

respiratory infections.
3.5.3 Diarrhoeal Disease

Diarrhoeal disease morbidity is difficult to
evaluate since, in addition to having multiple
aetiologies, diarrhoeal symptoms are frequently
recorded in other diseases such as acute respiratory
infections and malaria. Reports of diarrhoea have
been recorded four times more frequently in children
with respiratory disease than in those who were well
[Campbell, Byass & Greenwood 1990]. In terms of
primary diarrhoeal disease, both viral and bacterial
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aetiologies are common. Rotavirus disease, with its
characteristically well-defined annual epidemics, has
been investigated [Hanlon et al. 1987 A] in the peri-
urban community of Bakau. During one of these short
intense epidemics, a high proportion of previously
unexposed infants may develop the disease.

A general study of aetiology in the same community
[Goh-Rowland et al. 1985] found enterotoxigenic E.
coli, campylobacter, salmonella and shigella to be
the major identifiable bacterial causes of diarrhoea.
However, diarrhoeal pathogens were only identified in
28% of diarrhoeal episodes investigated.

3.5.4 Meningitis

Meningitis is a particularly significant disease in
rural communities where its rapid onset, particularly
when it occurs at night, often means that there is no
possibility of travelling to health facilities
sufficiently quickly, or indeed, in many cases,
before a child dies. Meningococcal meningitis is
typically a dry season epidemic disease, not
occurring every year. In an epidemic in a rural area
around Farafenni in 1982-3, population attack rates
were on average 12 per thousand, although in some
villages it was up to 8 times higher [Greenwood B.M.
et al. 1987 C]. Haemophilus influenzae type B is also
an important cause of meningitis, typically affecting
infants in the first few months of life, with high

case fatality and neurological sequelae rates.
[Bijlmer et al. 1990].
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3.5.6 Pregnancy

Pregnancy is a major cause of morbidity among adult
women, given that many women will experience 8 or 10
pregnancies during their reproductive years. The high
maternal mortality (22 per thousand) identified
around Farafenni [Greenwood A.M. et al. 1987] mainly
followed postpartum haemorrages and infections.
Susceptibility to malaria infection during first
pregnancies is known to be high, and was reported
many Yyears ago [McGregor & Smith 1952] although the
precise immunological mechanisms underlying this
phenomenon are still not clearly understood.

3.5.7 Malnutrition

Malnutrition in young children is a further cause
of morbidity, particularly during the "hungry season"
of the rains, when previous food stores tend to run
out before the growing crops are ready. Weaning,
which typically continues into the second year of
life, often presents a nutritional crisis. In the
first few months of life, however, Gambian mothers'
proficiency in breast feeding actually gives higher
mean weights than international standards [Rowland et
al. 1985]. This advantage is normally lost after 6
months of age, although significant differences
between weaned and non-weaned infants through a range
of ages has been shown. Malnutrition, occurring
independently of other specific diseases, accounted
for 14% of admissions to the RVH paediatric ward in
1988 [D. Brewster, personal communication].
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4.1 Introduction

In recent vyears a number of large scale
interventions in health care have been implemented
and assessed in The Gambia. Some of these have been
aimed at specific health problems, while others have

sought to influence the general health of the target
population.

4.2 The Keneba Experience

From the early 1950s [McGregor & Smith 1952] the
health and demography of Keneba and surrounding
villages has been monitored, in one of the longest-
standing longitudinal studies of its kind. Original
observations were made by establishing a non-
residential field station in Keneba village, which
was visited from time to time by scientists from the
U.K. Medical Research Council laboratories at Fajara,
near Banjul. In the early stages of this surveillance
there were no significant interventions, and very
high rates of mortality and morbidity were observed,
as presumably pertained in other parts of The Gambia
at that time [Billewicz & McGregor 1981].

In 1974 the field station was taken over by the
Dunn Nutrition Unit, Cambridge, U.K., to undertake
studies of nutritional physiology amongst the local
population. As part of this arrangement, it was
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agreed that the field station should provide what is

essentially a U.K.-style general practitioner service
for Keneba and the two adjacent villages, Manduar and

Kanton-Kunda. This includes a daily surgery operated
by a U.K. physician, and a U.K. midwife to coordinate
maternal health. Both of these posts are a part of
the research team, but a substantial proportion of
their effort has been devoted to medical services.
The effects of this substantial intervention over a
ten-year period from 1974 to 1983 have been reported
[Lamb et al. 1984]. Infant and child mortality rates
for the whole period are shown in Figure 4.1. 1In
comparison with contemporary figures from other parts
of The Gambia, the low rates achieved in Keneba in
the early 1980s are impressive. An indirect estimate
of infant mortality for Lower River Division, in

which Keneba is situated, based on the 1983 census,
is over 200 per thousand.

This intervention has, however, been the subject of
some controversy. The direct costs involved amount
merely to the expenditure on drugs, etc. used in the
clinic, and in 1983 this amounted to £6,470 for over
13,000 consultations, an average of £0.34 per
consultation, or approximately £2 per capita per
annum. This however neglects the costs relating to
the personnel and facilities at Keneba which have
been responsible for the intervention, but are funded
as part of the research programme there. These costs
would be of the same order, and possibly higher, as
those of a single physician general practice in the
U.K., based on supporting expatriate staff.

Nevertheless, the dramatic effects of the
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Figure 4.1: Mortality in Keneba 1951-83.
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intervention must not be eclipsed by arguments that
general implementations on similar 1lines would be
unrealistic in rural Africa. There is some truth in
these arguments if one excludes the possibility of
economic and political changes on a global basis.
However, it has been clearly shown in Keneba that
there is the technical potential, given sufficiently
intensive medical interventions in Africa, to bring
mortality rates closer to the pattern observed in
developed <countries, and this refutes the
propositions that rural African populations are
either inherently unhealthy or cannot benefit from
European-style medical care.

4.3 Primary Health Care

During the early 1980s a number of schemes were
devised and implemented in developing countries
world-wide under the general description of "primary
health care'". The general aim of most of these
systems was to bring low-level, but effective,
curative and preventative health services to large
sectors of the community. Most programmes were
designed to rely on personnel with little or no
formal training.

In The Gambia, a national plan for primary health
care (PHC) was devised, and implemented starting in
1981. The general structure of this plan is shown in
Fig. 4.2. The programme involved the selection of an
individual from villages of 400 or more people to Dbe
designated as the Village Health Worker, who was
given basic training and a small supply of simple
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Structure of the Primary Health Care system in The Gambia
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Figure 4.2: Structure of the Primary Health Care
system in The Gambia.
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drugs. The rest of the village were expected to
compensate his efforts for their health care by
providing assistance on his farm, and he was
authorised to make small charges for drugs to fund
stock replenishments. Existing women in the village
who had traditional roles as birth attendants (TBA)
were also identified and given basic training.

A study of the effects of this intervention in
North Bank Division, in villages around the town of
Farafenni, was undertaken by the Medical Research

Council in 1982, prior to the implementation of PHC
in that area. The chronology of this study is shown
in Fig. 4.3 [Greenwood B.M. et al. 1989 A].

Infant and child mortality rates in both the PHC
(over 400 population) villages and the smaller non-
PHC villages were assessed before implementation in
1982/3, and after, in 1984/6. Small but non-
significant reductions were found, which probably did
not amount to more than the gradual national trend to
reduced mortality rates which has been observed over
some decades. Both PHC and non-PHC villages showed
similar reductions. Cause-specific analysis of
mortality also showed no significant differences.
Only 30% of the children that died in PHC villages
had consulted the VHW during their final illness,
suggesting some lack of enthusiasm for the scheme
among participating communities, although it was
frequently stated that this was due either to the
VHW's unavailability or lack of drugs.

Morbidity in infants and children was assessed
using monthly interviews. A significantly beneficial
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Figure 4.3: Chronology of the MRC study of the
Gambian Primary Health Care programme.
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effect was found only in the case o0f severe
respiratory disease and diarrhoea/vomiting. No
beneficial effects were shown for other disease
categories, nor for  nutritional status or
vaccination.

In parallel to studying the effects of the PHC
programme on children, the impact of the trained TBAs
on maternal health was assessed [Greenwood A.M. et
al. 1989]. This part of the study involved
identifying and following all pregnancies in the same
group of PHC and non-PHC villages. Ante-natal clinic
attendance and tetanus toxoid immunisation rates did
not 1increase significantly with PHC. However, women
in PHC villages did make use of the trained TBAs, and
more were referred to qualified midwives, health
centres and hospitals than from non-PHC villages.
Decreases in maternal mortality in PHC villages were
not greater than in non-PHC villages however. Whilst
some benefits in terms of reduced neonatal deaths
after the first week were observed in PHC villages
compared with non-PHC villages, stillbirth and
perinatal rates did not show a similar effect.

Overall therefore the impact of the Gambian PHC
programme on the health of this rural population
cannot be regarded as major. Indeed, it is arguable
that some of the beneficial changes observed may be
due to coincidental interventions such as the
provision of a regqular bus service to the area,
enabling people to seek health care more effectively.
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4.4 Malaria Control: Treatment or Prevention?

Although many people 1look forward to the
development and use of effective malaria vaccines,
for the time being the available options for handling
malaria at a public health 1level are either
treatment, or prevention through vector control or
chemoprophylaxis.

4.4.1 Community-based Chemoprophylaxis

As an additional component in the evaluation of PHC
(vide 4.3), half of the children and mothers in PHC
villages were randomised to receive Maloprim
(pyrimethamine and dapsone) or placebo, delivered by
VHWs and TBAs fortnightly. A special recording system

was devised for these basically illiterate people to
record delivery of the drug [Greenwood B.M. et al.
1987 D}. As part of the PHC programme, VHWs had
chloroquine available for symptomatic treatment, and
so this trial of the use of Maloprim enabled a
comparison to be made between treatment alone, and
chemoprophylaxis with treatment. Treatment alone had
no impact on child morbidity and mortality from
malaria, when compared with the smaller non-PHC
villages [Greenwood B.M. et al. 1988]. However, a
reduction in mortality among the Maloprim group was
observed which approached statistical significance,
and observed clinical episodes of malaria among the
Maloprim group were 2 per thousand monthly
observations, compared with 10 per thousand in the
placbo group, a highly significant difference. Cross-
sectional surveys found lower rates of splenomegaly
and parasitaemia, and higher packed cell volume,
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among children taking Maloprim. Criticism of
chemoprophylaxis as a malaria control strategy has
highlighted the possibility of impairment of normal
immunological development during the protected
period. When the children stopped taking
chemoprophylaxis at age 5, they were therefore
carefully followed to compare their immunological
status and clinical protection with children in the
placebo group. No evidence of any detrimental effect
has been found [Otoo et al. 1988].

Among pregnant women, Maloprim was given to a 50%
randomised sample in PHC villages from the time the
pregnancy was detected until delivery. Since it was
already known that otherwise immune women become
particularly susceptible to malaria during their
first pregnancy, it was not surprising to find that
the major benefits of Maloprim during pregnancy
accrued to primagravidae. Primagravidae taking
Maloprim had a higher mean packed cell volume, a
lower parasite rate, and a higher mean birth weight
[Greenwood B.M. et al. 1989 B]. There were similar
trends, but less marked, among multigravidae. The
question as to whether a woman protected by Maloprim
during a first pregnancy then becomes an
immunological '"primagravida" during her second

pregnancy is currently under investigation at
Farafenni.

From these studies it is clear that there are
substantial benefits to young children, and women
during their first pregnancies,  of regular
chemoprophylaxis. The effects of taking Maloprim
fortnightly were much greater than the entire .impact
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of the PHC programme, suggesting perhaps that the
whole PHC programme as implemented in The Gambia was
rather too basic to have major effects.

4.4.2 Vector Control

For a long time attempts have been made to reduce
the impact of malaria by controlling the Anopheles
family of mosquitoes which are crucial to 1its

continued transmission. Spraying programmes have not
been totally efficacious, and may have undesirable

environmental consequences. In recent years interest
has arisen in the use of bed nets -~ not a new idea
[Lindsay & Gibson 1988], but one which had not
previously been seen as a strategy in community
health. In many parts of The Gambia nets of some kind
are widely used, particularly by Mandinkas. This
enabled a retrospective study to assess their impact
on malaria morbidity [Bradley et al. 1986]. Although
not conclusive, the results suggested that there were
benefits associated with the use of nets in terms of

less episodes of clinical malaria, lower rates of
parasitaemia and splenomegaly, and higher mean packed
cell volume. A further retrospective study in another
part of the country confirmed these findings
[Campbell, Byass & Greenwood 1987}, and a major
intervention programme was undertaken. In the first
phase existing nets in a large Mandinka village were
randomised to be treated with permethrin or placebo.
This resulted in a reduction of clinical episodes of
malaria among children sleeping under treated -nets
[Snow, Rowan & Greenwood 1987]. A subsequent trial in
a group of small Fula hamlets, where nets were not
already in use, randomised entire communities to
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receive or not receive nets, without insecticidal
treatment. This showed only relatively modest
benefits of net use [Snow et al. 1988 A]. Lastly, the
same group of villages, in the following malaria
season, were randomised to permethrin treated nets or
placebo treated nets. The process of actually
impregnating nets in the field is shown in Figure 4.4
[Snow et al. 1988 B]. This intervention was the most
effective [Snow et al. 1988 C], finding a 2.5X
greater clinical attack rate for malaria among
children in villages with placebo treated nets.

Other traditional methods of reducing the nuisance
of insects are practiced "in rural communities,
based on having certain aromaﬁic woods and resins
smouldering in pots within- ciwellings. However, an
evaluation of the effectiveness of this approach
failed to detect any changes in malariometric

parameters as a result of burning churai [Snow et al.
1987]. i

In view of the encouraging results for malaria
control arising from both the use of chemoprophylaxis
and insecticidal bed nets, a trial is being

undertaken to investigate the combined effect of a
dual intervention.

4.5 Immunisation Programmes

The Expanded Programme for Immunisation started in
The Gambia in 1980 [Fitzgerald & Gowers 1983], with a
schedule consisting of BCG vaccination at the first
clinic visit, oral polio and triple vaccines at 2, 3
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Figure 4.4: Delivering low-technology health care:

impregnation of bed nets with insecticide in a

Gambian village.
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and 4 months, and finally measles and yellow fever
vaccination at 9 months. Coverage rates have since
been monitored regqularly and found to be high [Hall
et al. 1989], though coverage tends to be slightly
lower in more remote areas of the country.

Despite the good coverage, in 1986 there was an
outbreak of paralytic poliomyelitis resulting in a
number of cases of long-term paralysis. Some of the
cases had received a full course of vaccinations,
however, suggesting that seroconversion to all three
polio serotypes was less than adequate [Hanlon et al.
1987 B]. A vertical nation-wide vaccination programme
was rapidly instituted, which probably played a role
in curtailing the epidemic. On reviewing the
situation, immunisation policy was changed to include

5 doses of oral polio vaccine (one dose at every
scheduled vaccination).

Despite vaccination, outbreaks of measles were
still relatively common, until a vertical mnmeasles
vaccination campaign was undertaken in 1987. §Since
then very small numbers of measles cases have been
reported from any part of the country, in almost all
of which there had been contact with the disease in
other countries. The current lack of measles in The
Gambia is a notable achievement for the immunisation
programmes, given the serious manifestations of
measles to be found in many developing countries.

Several vaccines that are not part of the normal
EPI schedule have been used on a trial basis in The
Gambia. One of the problems of measles vaccination is
that the normal measles vaccine is highly susceptible
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to interference from maternal antibodies, and for
this reason cannot be satisfactorily given until 9
months of age, by which time many infants may have
been infected. However, trials of the new high-dose
Edmonston-Zagreb measles vaccine [Whittle et al.
1988] have shown that comparable protection to the
normal regime can be achieved with a single dose at 4
months of age, thereby greatly reducing exposure to
infection. It seems likely that this vaccine may be
used in immunisation programmes in many parts of the
world in the near future.

In 1985 a new bovine rotavirus vaccine (RIT 4237)
was tested in the peri-urban community of Bakau.
Although rotavirus infection accounts for a
relatively small proportion of infant diarrhoea, it
is considered to cause more severe disease than other
aetiological agents, and for this reason an effective
rotavirus vaccine could be of use in developing
countries. The vaccine had previously been shown to
have a high efficacy against rotavirus disease 1in
Finland [Vesikari et al. 1984]. However, in the trial
in Bakau [Hanlon et al. 1987 C], the protective

efficacy was only 33%, which would certainly preclude
the general use of this particular vaccine. It has

been speculatively suggested that the generally high
load of gut pathogens in Gambian infants, compared
with those in Finalnd, may account for this much
lower efficacy. A further component of this trial
studied interference between oral rotavirus vaccine
uptake and oral polio vaccine uptake by including a
group who received killed polio . vaccine
intramuscularly. The interference effect was not
found to be statistically significant, although there
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was some evidence of an interaction. This could
further prejudice the general adoption of rotavirus

vaccine, since from a delivery point of view a
successful vaccine would need to be mixed with oral
polio vaccine.

A major project to investigate the interaction
between hepatitis B infection and subsequent
development of hepatocellular carcinoma (HCC) has
involved experimental nationwide introduction of
hepatitis B vaccine into the general schedules over a
> year period from 1986. The hypothesis under test is
that infantile infection with hepatitis B (infection
being almost universal, and asymptomatic, by the age
of 5 years) may lead to increased risk of HCC,
particularly in individuals who become chronic
carriers of hepatitis B. By vaccinating at birth, it
is hoped to block transmission in a nationwide cohort
of infants, and, by setting up a cancer registry, to
assess 30 or 40 years later whether the vaccinated
group develop less HCC [Hall et al. 1987]. This is
the first community intervention against cancer by
vaccination, and is being carried out by the

International Agency for Cancer Research (IARC),
Lyon, France.

Investigations have also been carried out into
attitudes towards vaccination, and factors
influencing compliance [Hanlon et al. 1988]. By
comparing a group of poorly vaccinated children with
a group of fully vaccinated children in the same

community, it was possible to show that poorly
vaccinated children tended to have less-well educated

mothers and poorer fathers. Their mothers were less
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inclined to bring children to the health centre for
non-curative services, had less understanding of
scientific causes of disease, and had more children.
This information may prove useful in targeting groups

for health education, or for encouragement to bring
their children to clinics.

page 4.17



Chapter 5: MEDICAL INFORMATICS

5.1 Introduction

Medical Informatics is a relatively new science on
a worldwide basis, bringing together the disciplines
of both medicine and information science, as the
latter has developed technologically to the point of
becoming useful to the former. The International
Medical Informatics Association (IMIA) now holds
regular triennial congresses known as MEDINFO, which

have become major international forums for workers in
the field.

5.2 Historical Backgaround

Since the early 1970s the field has been in
exponential development mainly because of the
increasing availability of less expensive hardware
and increasingly powerful software. The last 20 years
have seen the advent of microprocessor-based personal
computers, development of digital communications and
networks and so-called fourth and fifth generation
software, geared towards expert systems and
artificial intelligence. Within medical informatics,
the proportion of effort devoted to expert systems
and decision support has increased markedly since the
mid-1980s [van Bemmel & Shortliffe 1986].
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5.2.1 Medical Expert Systems

Academic interest in the application of computers
to clinical medicine has increased steadily since the
early 1950s. At that stage, the practical feasibility
of using computers was very limited due to their very
restricted capabilities, but it was perceived that
there was considerable potential in the general
possibility of so doing. As long ago as 1959 Ledley
and Lusted wrote '"Reasoning Foundations of Medical
Diagnosis" [Ledley & Lusted 1959], stating that they
wished "to analyse the complicated reasoning
processes inherent in medical diagnosis" because of
"the increasing interest in the use of electronic
computers as an aid to medical diagnostic processes'.
They argued that a more systematic and 1logical
approach to medical decision making might in fact be
preferable to clinical "feelings".

Some early attempts at computerising medical
decision processes involved the mechanisation of what
were essentially elaborate sets of flowcharts, or
binary trees ([Kleinmuntz 1968]. In the 1late 1950s
interest in Bayesian statistics [Bayes 1763] as a
decision making method was raised [Savage 1954].
Later, OSavage stated that the "Bayesian viewpoint
forms a good framework in which to discuss and
develop a language for diagnosis that is sensitive to
the complexities of diagnostic decision making"
[Savage 1972]. A number of examples of the possible
uses o0f Bayesian statistics in medical decision
making emerged [Warner et al. 1961; Pryor & Warner
1972]). The difficulty of estimating probabilities was
a problem [Elstein & Bordage 1979]. Clinicians tended
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to introduce errors in their estaimations for several
reasons. Event frequencies could be wrongly estimated

through the event having common features with other
events. Overestimation may occur if a particular

event, by chance, has occurred frequently in the
immediate past and is therefore more available to
memory. Clinicians have also been found to be more
sure of the accuracy of their estimates than is
warranted [Fischhoff, Slovic & Lichtenstein 1977].

For a variety of reasons, medical expert systems
did not advance particularly fast during the 1960s

and 1970s. There was a feeling that computer expert
systems were not a sufficiently reliable medium to be
trusted with decisions that would influence patient
care [Kleinmuntz 1984]. Nevertheless interest
continued among various research groups, most of
which worked towards systems using data from large
hospital record databases. Various medical record
systems were developed with a view towards
facilitating access to this kind of data, for example
the MUMPS system [Barnett et al. 1981]. Several large
systems were developed during the 1970s, the best
known of which is perhaps INTERNIST [Miller, Pople &
Myers 1982]. This system sought to model American
hospital-style internal medicine diagnosis, using
artificial intelligence methodology. Evaluation of
its clinical "judgement" was reasonable, though
judged insufficiently reliable for live clinical
applications. It also required major mainframe
computer resources to run. Because of the enormous
Size and complexity of a system designed to cover'as
wide an area as INTERNIST, to American standards of

health care, many other experimental systems have
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concentrated in specific specialities. An example is
the MYCIN system, specifically geared to the
selection of antibiotic therapy, working on a rule-
based artificial intelligence approach. Nevertheless,
artificial intelligence has not proved to be the
ultimate solution that some had envisaged; as
recently as 1982 the lack o¢f common sense

capabilities in expert systems was specifically
commented on [Kolata 1982].

Whilst these (largely American) projects towards
artificial intelligence solutions of major complexity
had been in progress, other approaches had been
developeci elsewhere. In Leeds, de Dombal and
colleagues, working with what now seems very basic
technology, designed a system based on Bayesian
statistics to deal specifically with the diagnosis of
acute abdominal presentations [Horrocks et al, 1972].
This system proceeded ¢to a «c¢linical trial
[de Dombal et al. 1972] with encouraging results. The
computer system achieved a 1level of diagnostic
accuracy of 92%, compared with a group of senior
clinicians who achieved 80%.

In recent years the increasing power of both
software and hardware has led to new systems that
come closer to clinical acceptability, although there
is still very little widespread utilisation of such
systems. Nevertheless, the increasing availability of
microcomputers of reasonable power has stimulated
interest 1in clinical decision making systems, since
there now seems to be at least a possibility that
facilities based in ‘consulting rooms rather ‘than
computer centres might be viable. de Dombal in 1984
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[de Dombal 1984] made the point that almost every UK
school had microcomputer facilities, to say nothing

of 11% of households - but that the a priori argument
for clinical care being an overwhelmingly human,
rather than computerised, activity was still current
in relation to medical decision making systems. de
Dombal has consistently argued however that a

computer system designed to aid medical decison
making should be another clinical tool, like X-rays,

for example, which can make an important contribution
to the whole patient consultation, diagnosis and

management setting, but which does not replace in any
sense the final judgement of a clinician.

5.2.2 Informatics in Developing Countries

Given the relatively new status of medical
informatics worldwide, it is not surprising that
devlopments in the field within developing countries
have been severely limited. Nevertheless, since one
of the major problems facing health services in
devloping countries is a shortage of suitably trained
and skilled manpower, the possibilities of using

informatics to enhance the efficiency of available
personnel are exciting.

It has been argued [Ochoa 1983] that importing
computer technology does not bridge the developmental
gap. On the other hand, [Byass 1987] technology has
been found to play a major role in development
processes, provided that implementations are locally

appropriate. Microcomputers in particular have
introduced possibilities not previously: considered.

Although medical informatics world-wide is expanding
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rapidly, the position of developing countries in new
developments is frequently ignored [Mill 1986;
O'Brien & Channing 1986] and so the gap between
utilisation in developing and developed countries may
in fact increase rather than decrease.

Futuristic developments such as the use of
satellites in computerised health systems [Gillett
1987; Cross et al. 1984] currently seem remote
options, but they may constitute a component of
future implementations.

Current problems of implementing informatics
systems 1in developing countries have been recognised
as including lack of standardisation, lack of skilled
manpower, existing organisational problems,
reliability problems and infrastructural difficulties
of communication [Shires et al. 1983]. The need for
systems to be adapted to local requirements, to
enhance acceptability and usefulness, have been
stressed [Agbalajobi 1983]. Despite the availability
of informatics systems, many considerations of health
services in developing countries ignore the potential
contribution of informatics [Morley 1987; Cumper
1987; Chen 1986]. This continues to happen despite
reports of successful implementations at peripheral
levels of health services [El Kholy & Mandil 1983}
and the finding that computer technology from the
developed world can make a positive impact in less
sophisticated situations [Gillett 1987]. For example,
a nationwide data collection system for previously
unavailable health data in Egypt has been documented
[Gomaa 1983]. Problems in familiarising and training
staff to use a health information system in
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Bangladesh have also been resolved [Gould & Frerichs
1986], and there are slowly increasing numbers of
projects using microcomputers for analysing field
data [Kanté, Brinkmann & Bocoum-Maiga 1986], and, in
some cases, small portable hardware for data
collection [Reitmaier, Dupret & Cutting 1987]. Very
little work on expert systems and decision support in
developing countries has been reported. A team from
Médecins sans Frontieres working in Chad [Auvert et
al. 1985; Auvert et al. 1986] have reported
developing a computerised version of previously
developed flowcharts [Essex 1980] for diagnosis of
tropical diseases. There has also been some work on
medical decision support for people in particularly

isolated environments such as submarine personnel and
astronauts [Robinson et al. 1983; Grams et al. 1986],

which are in some ways analogous to the particular
problems of developing countries.

5.3 Informatics in The Gambia

The first computer installation in The Gambia, a
PDP minicomputer, was commissioned for the Hydromet
department in the late 1970s, to collate
meteorological data and in particular to provide the
necessary information on weather conditions for
international air traffic. The Central Statistics
Department followed with a Wang mini, and from the

early 1980s onwards the number of installations has
grown rapidly.
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5.3.1 Appropriate Hardware

The question as to what hardware is most suitable
for use in tropical conditions has not been
intensively studied. The advent of microcomputers
considerably increased the feasibility of using
computers 1in an environment where servicing
facilities are not readily available. Some
microcomputers were modified in an attempt to
increase their durability [Anon. 1984]. Experience in
the operation of computers in tropical conditions is
slowly being gathered [Byass 1987], but it will
continue to be difficult for organisations and
governments to operate computers in developing
countries to the standards expected in other parts of
the world until more direct technical support is
generally available locally.

5.3.2 Epidemiological Applications

At the U.K. Medical Research Council's (MRC)
laboratories in The Gambia, until 1981 data arising
from epidemiological and other studies were either
analysed by hand or sent to European centres,
particularly the London School of Hygiene .and
Tropical Medicine, for computer analysis. In 1981 the
feasibility of on-site data processing was
considered, and, although the viability of such an
idea was not completely known at that stage, a pilot
project was agreed whereby initially two
microcomputers would be "tropicalised" [Anon. 1984]
and used at Fajara. From 1982 to 1984 these machines
worked well, and apart from the useful work they did
during this period, they established the usefulness
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and feasibility of local data processing.

In the light of this experience, a larger and more
powerful system was installed in 1984, with hard disc
storage and networked discless workstations [Byass

1987]. This facilitated considerable potential for
epidemiological data management and analysis.
However, there was little recorded experience of
applying computers to field studies in epidemiology
at that time, and methodologies that were appropriate
both to the technology and the special considerations
of epidemiological field studies in a developing
country had to be developed.

Because of the off-line methods that had previously
been in use, some re-thinking of epidemiological
methods, particularly of questionnaire design, had to
be considered to facilitate the transition from
thinking in terms of records on punched cards to
records in an on-line database [Byass 1986]. This
also had implications for subject identification, a
notoriously difficult aspect of tropical
epidemiology. Ethnic and associated 1linguistic
difficulties also arise, whereby apparent ethnic
differences may in fact be attributable to variations

in the translation of questions into different ethnic
tongues.

Having improved our epidemiological methods to this
extent, we had a good system for retrospective
analysis of epidemiological data. However, the
success of the computer system in this respect

prompted us to consider the possibility of having
computer facilities at rural field stations, to allow
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virtual on-line processing facilities in real time as
data were collected [Rowan, Byass & Snow 1987]. Thus,
in the context of a study of insecticide-treated bed
nets [Snow, Rowan & Greenwood 1987], a system was set
up at the MRC field station in Farafenni to receive
and process weekly surveillance data within the week.
Although it was not feasible to design a trial
whereby only part of the data was handled in this
manner, an analysis of the quality of data obtained
showed the methodology to be highly effective.
Because the computer system was able to monitor
movements in and out of the study cohort, an up-to-
date list of children for interview could be produced
each week, and as a result field workers successfully
completed 99.8% of all interviews.

The weekly questionnaires were relatively simple,
with a total of 44 characters per form, in 20 fields.
All of them were doubly entered to trap Kkeyboard
errors, which were thus detected at a rate of 0.6% of
fields entered. After correcting these errors,

logical checks performed by the computer revealed a
further 0.3% of errors. As a result of the prompt
data processing, it was possible to correct 96% of
these detected errors by reference to field workers,
and where necessary, interviewees, with the result
that an exceedingly clean database was immediately
available for analysis at the end of the field
surveillance period. Similar projects in developing
countries had previously noted the bottle-neck effect
that data processing can easily generate in such
projects [van Ginneken & Muller 1984], and the

success of this project represented an important
methodological advance.
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Subsequently further refinements have been made to
the general method, such as the printing of self-
adhesive labels for use on questionnaire forms, and
used in a number of other studies [Snow & Byass 1988;
Byass 1989 A; Byass 1989 B].

5.3.3 Demographic Applications

A further problem facing field investigators 1in
developing countries is often the lack of accurate
information on 1local populations at the individual
level. This <causes difficulties in actually
identifying study subjects, and so it is often
necessary to undertake basic demographic surveillance
to solve this problem. A computerised method of doing
so has now been devised at Farafenni [Stephens et al.
1989] which facilitates the maintenance of a 1local

population census, with regular updates to record
vital changes in the population.

5.3.4 Clinical Trial Management

In organising community based clinical trials in
developing countries, many similar considerations
apply as to epidemiological studies, particularly in
terms of personal identification, etc. In addition
there are further requirements, dependent on the

design of the trial, such as calling subjects to
clinics at predetermined intervals. .

In our clinical trial of rotavirus vaccine [Hanlon

et al, 1987 C(C], there was a requirement to
continuously register newborn infants in the study
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area, and to call them for vaccination and follow-up
at certain times, some of which were age related, and
others to intervals since previous attendances. With
a total of almost 500 children in the trial, it would
have been a major clerical effort to organise
manually, and hence a computer system was established

for use in the management of the trial [Byass et al.
1988].
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