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EDITORIAL

The use of GIS in leprosy control
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Mapping of diseases has, since John Snow produced his famous cholera maps of London in

1854,1 been recognised as an essential tool in public health. A Geographical Information

System (GIS) is more than mapping diseases: it manages, analyses and presents data that are

linked to geographical locations. GIS enables creation of maps and can present data on

national and regional level, but also on very detailed levels, such as households. Beyond

administrative boundaries it can also present variables such as land use type and altitude. Its

specific strength is that it can visualise, establish relationships and analyse different features

that share the same location. The combination of person, time and space makes GIS a

powerful epidemiological tool for disease prevention and control. In the last decade,

epidemiologists increasingly recognised the importance of GIS. GIS has been applied in

research, prevention and control of several infectious diseases such as malaria, tuberculosis,

and HIV/AIDS.2

The added value of GIS for leprosy control programmes has not yet been recognised by

all. Among people involved in leprosy control one finds those advocating the use of GIS

and those with a critical attitude towards it as they see constraints in its implementation

and no clear benefits. There are some examples of control programmes that use GIS3 and

WHO has also been promoting its use.4 However, programmes often use GIS only on an

ad-hoc basis.

In this editorial we want to discuss GIS in leprosy control: how it has been used so far,

other possible applications, and its added value and limitations.

The main areas of application of GIS in disease control are: (1) research to generate new

knowledge; (2) public health to design focussed interventions; and (3) management to plan

and monitor control programmes. Apart from these three areas there is an important role for

GIS in (4) advocacy.
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Research

In research GIS is used to understand and explain the spatial variation of diseases and its

potential relationship with factors such as geographical, climatological, socio-cultural, and

health system-related factors.2

The main added value of GIS in research is its ability to perform sophisticated spatial

analysis and statistics. GIS can be used to generate new hypotheses and research questions by

overlaying the different factors of interest, or to re-formulate and answer existing

(longstanding) questions, such as whether leprosy transmission is related to certain

environmental factors. A combination of molecular epidemiology and GIS can clarify issues

related to occurrence and transmission of leprosy.5

Basic use of GIS in research is simple disease mapping.6 Most researchers, however, go

one step further: after identification of areas with apparent high numbers of leprosy cases,

they perform spatial (cluster) analysis to find evidence for significant clusters of patients.

In this way, 10 significant clusters were identified in Brazil using a spatial scan statistic

(SatScan) based on the number of patients and population estimate for each municipality.7

On a much lower level, namely on household level, three significant clusters of leprosy

patients were detected by SatScan on five islands in Indonesia.8 In one state of Brazil a spatial

gradient in incidence rates was found using a locally-weighted regression model to smooth

out spatial trends.9

Other researchers have also included time in understanding disease patterns. The spatio-

temporal distribution of leprosy cases in Nilphamari district in Bangladesh was studied over a

15 year period (1989–2003). Based on the home locations of the patients at diagnosis, one

purely temporal and many spatio-temporal clusters were identified.10

It is alsopossible to relate underlying factors to the identified space-timepatterns.UsingGIS,

themarked variation in leprosy incidence rates in northernMalawi could not be related to socio-

economic or cultural factors or population density, but incidence rates increasedwith increasing

distance fromamain road andwith declining distance froma river or lake shore.11 InBangladesh

a regression model showed that leprosy case detection was higher near towns. No relation

with distance to water or clinics was found and the spatio-temporal clusters were possibly due

to an underlying increase in leprosy incidence and could thus be seen as ‘outbreaks’.10

Identification of areas with high case detection rates and a better understanding of

location-based risk factors can guide programme planning and implementation.

Public Health

In public health GIS is used to design appropriate interventions based on either results from

research or space-time analyses of routinely collected data to reveal trends, disease clustering

and potential risk factors. Possible epidemiological indicators for leprosy that can be

visualised are new case detection rate (CDR), leprosy point-prevalence, proportion of child

cases (,15 years), proportion of MB cases and the proportion of patients with a disability

among newly detected patients.

The added value of GIS is that various epidemiological indicators and potential risk

factors can be analysed together and specific techniques can be used to identify disease

patterns and explanatory factors.9,12 The modelling ability of GIS can be used to predict high

risk areas and thus take appropriate action.13
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Leprosy control strategies could be more cost-effective and sustainable when the

control activities are linked to the epidemiological situation in a country. A simple GIS can

categorise regions based on their case detection rates into regions with high, moderate and

low case detection rates. Leprosy control can be adjusted to the situation from a blanket

approach in areas categorised as ‘high’ to an outbreak approach in areas categorized as

‘low’.14 Based on the spatial analysis of the epidemiological indicators over time, control

programmes can plan specific active case finding activities such as Leprosy Elimination

Campaigns (LEC), Rapid Village Surveys (RVS), mass surveys, school surveys or house-

hold screening.

In an urban municipality in Brazil GIS was used to select areas for active case-finding

campaigns. The home location of newly detected cases in the period 1998–2002 was geo-

referenced: based on a density map, four areas were selected with the greatest concentration

of cases to carry out active case-finding campaigns, under the assumptions that these areas

represented areas with higher transmission risk resulting in more new patients.15

Management

In management of disease control programmes GIS can be used for planning, monitoring and

evaluation to improve programme performance. In leprosy control GIS can be used to

identify areas that are poorly covered, performing or reporting.

Areas with low CDRs could indicate areas with low leprosy endemicity or areas with a

poorly performing leprosy control programme (little awareness among population, patients

not recognised as leprosy suspects, poor diagnosis). The other epidemiological indicators

could give an indication of the most likely explanation: the quality of health care, based on

factors such as the proportion of patients with grade 2 disabilities among new cases, treatment

completion rate, or results from quality control exercises, can be presented in maps, together

with CDR. Areas with poor performance, but high CDR could be identified as priority areas

for leprosy training.

Accessibility to leprosy diagnostic and treatment services can be studied. With GIS the

distance from residential areas to health facilities can be calculated. Buffers around health

centres can be used to calculate coverage: the percentage of villages or population that fall

within a certain buffer. Results can be used to justify the creation of a new health centre in

areas of low accessibility.

Advocacy

In order to influence policy and decision makers, clear presentation of the burden and

problems of leprosy in an area is required, making GIS an important tool for advocacy and

programme planning.

The visual character of GIS makes it a preferable tool for presenting data to various

audiences. The added value of GIS above more traditional disease mapping techniques is that

the maps produced with GIS can be more easily communicated; GIS is able to visualise

challenges such as high CDRs that cross administrative boundaries, which may not be picked

up when data are presented in tables. The maps stimulate discussion when different indicators

are presented together and may raise new questions to be explored.
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Discussion

The added value of GIS in leprosy control cannot be denied anymore. Still its use is very

limited. Implementation should be carefully planned at national or sub-national level. With

leprosy being integrated into general health services it may be more sustainable to develop an

integrated GIS system for infectious diseases. The purposes and the users of the system must

be well defined as this will determine the design of the system. Adequate resources must be

available to establish and maintain the required hardware and software, human resources and

data collection mechanism. Data integrity must be ensured at all levels. Developing and

regularly up-dating spatial datasets is expensive, but should be seen as a long-term investment

for the health system.13 The choice between freely available applications such as

HealthMapper or commercially developed software such as ArcGIS depends on the level of

implementation and the expected application of GIS.

As leprosy is a rare disease, with even in high endemic areas usually not more than 10

patients per 10 000 inhabitants per year, data analysis at sub-district or lower level usually has

the problem of small numbers and appropriate data analysis methods have to be selected.

Conclusion

GIS must be considered as a tool for disease control and not as an end-product. Disease

control is not complete anymore without visualising the spatial elements of disease

occurrence and its determining or related factors. On lower administrative levels the old-

fashioned hand-made maps may still be sufficient, but on higher levels the added value of

GIS cannot be ignored anymore. GIS has become an essential tool to be used with care

and wisdom to establish the burden of disease, identify risk factors, and to plan, monitor and

evaluate control interventions.
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