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Spatial Analysis of the Distribution of Leprosy in the State of
Ceard, Northeast Brazil
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The aim of this study was to describe spatial patterns of the distribution of leprosy and to investigate spatial
clustering of incidence rates in the state of Ceard, Northeast Brazil. The average incidence rate of leprosy for the
period of 1991 to 1999 was calculated for each municipality of Ceard. Maps were used to describe the spatial
distribution of the disease, and spatial statistics were applied to explore large- and small-scale variations of
incidence rates. Three regions were identified in which the incidence of leprosy was particularly high. A spatial
gradient in the incidence rates was identified, with a tendency of high rates to be concentrated on the North-South
axis in the middle region of the state. Moran’s | statistic indicated that a significant spatial autocorrelation also
existed. The spatial distribution of leprosy in Ceard is heterogeneous. The reasons for spatial clustering of disease
rates are not known, but might be related to an heterogeneous distribution of other factors such as crowding, social
inequality, and environmental characteristics which by themselves determine the transmission of Mycobacterium
leprae.
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Leprosy is still endemic in many developing and
undervel oped countries, affecting preferentially individu-
asof the lower socioeconomic stratum (Van Beerset al.
1996). The prevalence of leprosy varies greatly, but most
casesoccur in Indiaand Brazil (WHO 1998). In Brazil, the
disease burden is particularly high in the Northeast re-
gion (Brasil 2001). Whereasimportant progress has been
made in the treatment of |eprosy, its epidemiology is still
poorly understood (Mani 1996). One of the characteristic
facets of the epidemiology of leprosy isthe extremely ir-
regular geographical distribution (Van Beerset a. 1996).
Inthe state of Ceard, for instance, leprosy isendemic, but
the variations in the prevalence and incidence rates are
enormous. There are many municipalities with a preva-
lence of less than 0.1 per 10,000 inhabitants and a few
with a prevalence as high as 25 per 10,000 people (Sesa
1999). Interestingly, municipalitieswith very high preva-
lence are usually surrounded by others with high and/or
intermediate prevalence (Tavares 1997).

The apparent existence of spatial clustersof highinci-
dence and prevalence of leprosy suggests that the spa-
tial distribution of the disease might be influenced by
environmental factors (Sterne et al. 1995, Fine 1997). In
Brazil, two interesting studies approached the problem of
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spatial heterogeneity of leprosy distribution, both focus-
ing on urban areas of the state of Pernambuco (Souza et
al. 2001, Lapaet a. 2001). In these applications of spatial
analysistechniques, investigatorswere ableto detect clus-
tering of areas with high detection rates of the disease.

In this study we used spatial statistical techniques to
identify patterns of occurrence of leprosy in the state of
Ceara To accurately define these patterns it was neces-
sary to examine both large-scale and small-scale variation
in incidence rates (Richardson 1996). Large-scale varia-
tion, or spatial gradient, refers to the trend in the inci-
dence rate in space and can be represented as a function
of the geographical coordinates (Bailey & Gatrell 1995).
Small-scale variation results from clustering of high or
low values across the region and from spatial autocorre-
lation, the property by which nearby areas tend to have
similar values of avariable (Richardson 1996). To study
small-scale variation accurately, it is often necessary to
remove the effects of large-scale variation (Richardson
1996). We combined methods of evaluating large- and
small-scale variation in order to identify high-risk areas
and to generate new hypotheses about the spread of lep-
rosy in theregion.

MATERIALS AND METHODS

Sudy area - The Northeast of Brazil has a semi-arid
climate and regularly suffers from droughts. It is one of
the poorest and less devel oped regions of the federation.
The state of Cearaislocated in the center of thisregion,
with an area of 148,000 km? and population of roughly
7.5 million people (IBGE 2000). It isone of thethree states
of the region that show the highest level of income in-
equality (IBGE 2000). Only 3.7% of the population earn



684

more than R$1300 (~US$450) per month. About 28% of
people elder than 15 yearsold areilliterate. Asto general
poverty it ranks third in the Northeast (IBGE 2000). In
1991 the state of Ceardhad 178 municipalities, which are
the unities of analysisin this study.

Data collection - Data on leprosy cases from 1991 to
1999 were extracted from the records of the Department of
Health of Ceara State (Sesa2002). Thevariablewas calcu-
|ated asfollows. For each calendar year from 1991 to 1999
and for each municipality, the number of new leprosy cases
and the mid-year population (interpol ated by using ageo-
metric growth equation using population data from the
1991 and 2000 census’) were used to calculate incidence
rates. Thus, for each municipality, the average incidence
rate over the nine years was calculated by summing up
the number of new leprosy cases and dividing it by the
sum of the mid-year population estimates. We preferred
to use the average incidence rather than yearly incidence
in order to obtain more stable rates. Besides, it was sup-
posed that variation in the incidence of new caseswithin
amunicipality could arise dueto operational factors, e.g.
personnel of the leprosy program left the municipality
health department and was not replaced for a prolonged
period, whichin turn would have an impact on the annual
detection rate. Incidences were linked to each municipal -
ity onadigital map obtained from the Brazilian Institute of
Geography and Statistics (Instituto Brasileiro de Geografia
eEstatisticaor IBGE).

Statistical analysis - The standard procedure to ex-
plore large-scale variation is to derive atrend surface in
which the outcome variableis expressed as a polynomial
function of thespatial coordinates (Bailey & Gatrell 1995).
Wefitted alocally-weighted regression model (Hastie &
Tibshirani 1990) to the entire trend surface as a single
smoothed function of spatial coordinates, where:

log(rate) = LOESS(longitude, latitude)

and LOESS stands for locally-weighted regression
smoothing; in this analysis, window span was set to 0.5.
The LOESS smoother first identifies the 50% of observa-
tions that are nearest geographically to the target obser-
vation. The smoothed value at the target point is the fit-
ted value from alocally-weighted quadratic fit. Weights
are supplied by atri-cube kernel, which is centered at the
target observation and declineto zero at the furthest neigh-
bor (Hastie & Tibshirani 1990). Since 13 municipalities
had no cases of leprosy inthe period, we arbitrarily added
one case to each region in order to be able to calculate
logarithm of therates.

We then used the residuals of this model to explore
the second-order component of variation. We used
Moran's| asameasure of spatial autocorrelation toiden-
tify the degree of spatial clustering of rates of leprosy
(Cliff & Ord 1981).

Moran’s| statistic isdefined as (Cliff & Ord 1981):
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where nisthe number of regions; X; and X; arethe values
of the variable of interest at regionsi andj; and W,; isa
measure of connectivity between all pairsof regions(i,j).
In this study, we used afirst order adjusted connectivity
matrix, inwhichregioni isconsidered neighbor of region
j if they share a common boundary or if the distance be-
tween their centroids is less than the average distance
between the centroids of region i and the centroids of all
regions that share a common boundary with region i.
Whenever apair of regions(i,j) are considered neighbours,
then V\/ij =1, otherwise, V\/ij =0.

Moran’s| issimilar to the Pearson correlation coeffi-
cient with valuesranging from—1to +1. When thereisno
spatial autocorrelation its value equals zero. Clustering
leadsto positivevaluesof I, while negative autocorrelation
leads to negative values.

Under the assumptions of normally distributed vari-
ables and constant variances, the distribution of Moran’s
| under H, (no spatial autocorrelation) is normal with a
known mean and variance, and its significance can be
calculated by computing standardized normal variables
(Cliff & Ord 1981). The residuals of our smoothed trend
surface were approximately normally distributed, and in
any case, the autocorrelation statistic presented here is
robust to departuresfrom normality when the samplesize
is greater than 20 observations (Walter 1993). Statistical
analysiswas carried out using S+Spatial Stats (M athsoft,
Seattle, WA).

RESULTS

Fig. 1 showsthe averageincidencerates of leprosy in
themunicipalities of Cearafor the period of 1991 to 1999.
Areaswith high incidence rates cluster in the northwest-
ern, center, and southeastern regions of the state.

Fig. 2 showsthetrend surface produced by the LOESS
model. Sincethereisatendency of higher incidencerates
to concentrate along the North-South axis in the middle
region of the state, there seems to be an interaction be-
tween latitude e longitude, A statistically significant spa-
tial autocorrelation was identified in the residuals of the
LOESSmodd (Moran’s| =0.37, p-value< 0.001).

DISCUSSION

The spatial distribution of leprosy inthe state of Ceara
isextremely heterogeneous. In this study we were ableto
identify clusters of highincidence ratesin the northwest-
ern, center, and southeastern regions of the state. The
reasons for spatial clustering of disease rates may lay in
the heterogeneous distribution of underlying factors such
as crowding, social inequality, access to health services
or environmental characteristicsthat determinethetrans-
mission of M. leprae and hence the incidence of leprosy
inagiven area(Kerr-Ponteset a. 2004).

Surprisingly, the regions with the highest incidences
are among the most urbanized and economically devel-
oped of Ceara. This seemsto be paradoxical, but one ex-
planation is that, although the population of these mu-
nicipalities has better absol ute economic indicators, they
aresubject to higher levelsof social inequalities, whichin
turn is thought to increase susceptibility to infectious
disease (Kerr-Pontes et a. 2004). Incomeinequality may
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Fig. 1: annual incidence rates of leprosy per 10,000 inhabitants by
municipalities of the state of Ceard, Brazil.

log rate
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Fig. 2: trend surface showing smoothed incidence rates of leprosy as
a function of spatial coordinates. Rates are expressed as the loga-
rithm.

have a negative impact on self-esteem, causes stress and
unhappiness, and lowerssocia cohesion, factor that might
negatively affect the health of an individual (Wilkinson
1997).

Another explanation for the observed spatial irregu-
larities is based on the massive population movements
having occurred in Ceard during the last decades, par-
ticularly towards existing urban centers. Uncontrolled ur-
banization usually results in disorganized settlement of
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the periphery of the cities. Such poor neighborhoodstend
to maintain some characteristics of the rural hinterland
such as bad housing, lack of sanitation, presence of gar-
densfor horticulture and keeping livestock (Mani 1996).
This, in turn, is expected to provide non-human reser-
voirsfor M. leprae and/or to increase the number of indi-
viduals susceptible to the infection with M. leprae. Ac-
cordingly, it may not be by coincidence that heavily ur-
banized areas were found to have higher levels of inci-
dences of leprosy than districts with alow urbanization
rate.

On the other hand, municipalitieswhich are economi-
cally better off tend to have more efficient health services
and by consequence should be able to detect new cases
of leprosy more efficiently. Therefore, another explana-
tion would be that the heterogeneity in the distribution of
disease rates might simply reflect distortions provoked
by municipa surveillance systems of different quality.
However, as the mean incubation time of leprosy is al-
most five years and our study comprised a period of nine
years, differences between municipalities in active case
finding should be level ed out during time of observation,
since new patients will report positively to health units
once their symptoms cannot be ignored anymore.

Spatia analytical techniques were mainly devel oped
to approach problemsin geology, plant and animal ecol-
ogy, and agricultural field trials(Marshall 1991). Applica-
tionsfor epidemiol ogical research on disease patternsare
still being devel oped. In thisstudy, weidentified patterns
of variation of incidence of leprosy that suggest hetero-
geneities in the underlying factor determining the trans-
mission of M. leprae and/or the detection of new cases of
leprosy between administrative districts.
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