
Using kernel density estimates to investigate
lymphatic filariasis in northeast Brazil

Zulma Medeiros1, Cristine Bonfim2, Eduardo Brandão1,
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After more than 10 years of the Global Program to Eliminate Lymphatic Filariasis (GPELF) in Brazil,
advances have been seen, but the endemic disease persists as a public health problem. The aim of this
study was to describe the spatial distribution of lymphatic filariasis in the municipality of Jaboatão dos
Guararapes, Pernambuco, Brazil. An epidemiological survey was conducted in the municipality, and
positive filariasis cases identified in this survey were georeferenced in point form, using the GPS. A kernel
intensity estimator was applied to identify clusters with greater intensity of cases. We examined 23 673
individuals and 323 individuals with microfilaremia were identified, representing a mean prevalence rate of
1.4%. Around 88% of the districts surveyed presented cases of filarial infection, with prevalences of 0–
5.6%. The male population was more affected by the infection, with 63.8% of the cases (P,0.005). Positive
cases were found in all age groups examined. The kernel intensity estimator identified the areas of greatest
intensity and least intensity of filarial infection cases. The case distribution was heterogeneous across the
municipality. The kernel estimator identified spatial clusters of cases, thus indicating locations with greater
intensity of transmission. The main advantage of this type of analysis lies in its ability to rapidly and easily
show areas with the highest concentration of cases, thereby contributing towards planning, monitoring, and
surveillance of filariasis elimination actions. Incorporation of geoprocessing and spatial analysis techniques
constitutes an important tool for use within the GPELF.
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Introduction
The neglected tropical diseases consist of a group of

infections that affect around one billion individuals,

i.e. one-sixth of the world’s population.1 Among the

parasitoses in this group, lymphatic filariasis (LF)

stands out because of its debilitating characteristics,

the large number of individuals affected and,

furthermore, the socioeconomic losses that it causes.2

LF is endemic in 81 countries and affects approxi-

mately 120 million individuals.2 In Brazil, it is caused

solely by Wuchereria bancrofti. It is estimated that

1 500 000 people live in areas at risk of LF and that

49 000 people are infected.3 Currently, transmission

occurs in seven municipalities in the state of

Pernambuco.4

The World Health Organization (WHO) considers

that LF is a potentially eradicable disease. For this

reason, the Global Program to Eliminate Lymphatic

Filariasis (GPELF) was created. Its target is to

eradicate LF from the world by the year 2020.5

Following the proposal from WHO, Brazil became a

cosignatory of GPELF, with the aims of interrupting

filariasis transmission in endemic areas, through drug

treatment and vector control, and providing compre-

hensive care for individuals with the disease.6

After more than 10 years of GPELF in Brazil,

advances have been seen. These include eradication

of the historical focus in the city of Belém, state

of Pará and the recent interruption of transmission

in the city of Maceió, state of Alagoas.6,7 Nonetheless,

despite these advances, the endemic disease persists as

a public health problem in three municipalities in the

metropolitan region of Recife, State Pernambuco in

Brazil: Recife, Jaboatão dos Guararapes, and

Olinda.4,8

To plan the actions for controlling and eliminating

this parasitosis, mapping of the distribution of the

infection is a fundamental component. Hence, the

aim of the present study was to describe the spatial
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distribution of LF in the municipality of Jaboatão

dos Guararapes.

Materials and Methods
Study area
An epidemiological survey was conducted in the

municipality of Jaboatão dos Guararapes, state of

Pernambuco, Brazil, between 2000 and 2002. This

municipality covers an area of 256 073 km2 and is

divided into 27 districts and 492 census tracts. The

resident population was 581556 inhabitants (98% in

the urban area), according to the 2000 demographic

census.9 Two districts (eight census tracts) were excluded

from this study because of lack of information.

Parasitological survey
The population data for this study were based on a

sample from the total of 111 666 permanent private

households in the municipality. The sample size was

calculated by estimating a rate of positive findings of

6% among the households in the survey area and

taking the acceptable error to be 5% for each 95%

confidence interval.10 Through this, a sample of 5915

households was obtained.

Fourteen permanent private homes were registered

in each of the 484 census tracts, taking into

consideration possible refusals to participate in the

survey. These households were selected from the

census tract maps. The tracts were manipulated by

defining their quadrants and applying straight lines

along the diagonals (second and third quadrants),

thus joining the opposite quadrants. After locating

the midpoint in each quadrant (second and third),

two street addresses were selected, and seven house-

holds were investigated in each street, thus totaling 14

households per census tract. A total of 28 612 people

were registered to participate in the survey, but 4939

of them (17.26%) did not undergo the test.

The biological sampling consisted of drawing

approximately 50 ml of capillary blood, using dis-

posable syringes, between 23:00 and 01:00 hours.

Thick smears were prepared from these samples.11

After hemoglobin removal, the smears were stained

with eosin and counterstained using Giemsa. Quality

control on the slide readings were carried out on

100% of the positive cases and 30% of the negative

cases.12

Data analysis
The data collected were stored and analyzed using

version 6.04d of the EpiInfo. Statistical comparisons

were made using Student’s t-test, whenever appro-

priate. A P value of 0.05 was considered indicative of

a statistically significant difference.

To determine the relative effect of explanatory

variables on the prevalence of microfilaremia was

fitted a generalized linear model with binomial

logistic link function, using the variables: basis of

home occupation (proportion of households that are

not owner-occupiers or living in rented or assigned

property); number of people in the household

(proportion of households consisting of 10 people

or more); inadequate water supply (proportion of

households with water supply from wells or springs

only in the yard of the property, not piped, and

other forms of water supply); inadequate sewage

disposal (proportion of households with sewage

disposal into a rudimentary cesspit, ditch or gutter,

or into a river, a lake or the sea, and without a

bathroom); inadequate garbage collection (propor-

tion of households in which garbage is burned,

buried, dumped on vacant land or in rivers, or other

destinations); schooling level (proportion of heads of

households with not more than 1 year of schooling)

and income level (proportion of heads of households

with an income of half to one minimum monthly

salary).

To classify the areas according to the microfilar-

emia prevalence rates, the criteria suggested by WHO

were used. In these, rates lower than 5% defined areas

of low prevalence; rates between 5 and 9% corre-

sponded to the intermediate (medium) level; and rates

greater than 10% were deemed to represent high

prevalence.13

The positive cases of filariasis that were identified in

the parasitological survey were georeferenced in point

form by using a global positioning system (Garmin

eTrex Summit) tracking device. A kernel intensity

estimator was used to identify clusters of greater

intensity of cases. This is an exploratory analysis

method for spatial data that makes it possible to view

exposed localities and identify different degrees of

intensity within a given area.14 Kernel estimation

involves a technique in which a symmetrical surface is

overlain over the points and, based on a mathematical

function, the distances from the points to a reference

position are assessed and then the values for all the

surfaces for this reference point are summed. This

procedure is repeated for all positions.14

Ethical clearance
Biological samples were collected only after the in-

formed consent statement had been signed. All the

subjects who were found to present microfilaremia

were treated with diethylcarbamazine.12

This study was approved by the Ethics Committee

of the Aggeu Magalhães Research Center, Oswaldo

Cruz Foundation, Recife, Pernambuco (CAAE no.

0034.0.095.000-07).

Results
Out of 6507 households that were investigated, 255

had one or more individuals with microfilaremia

forming part of the household. Figure 1A presents the

distribution of the individuals with microfilaremia
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according to the districts in which they lived. Positive

individuals were identified in 88.0% (22/25) of the

districts, with prevalence rates ranging from 0.1 to 5.6%.

In the households investigated, 23 673 individuals

and 323 cases of microfilaremia were identified, with

a mean prevalence rate for the municipality of 1.4%,

the interval prevalence was 1.22–1.52% with con-

fidence interval of 95%. Among the positive indivi-

duals, 117 (36.2%) were female and 206 (63.8%) were

male, with prevalence rates of 0.9 and 2.0% respec-

tively (P,0.05) (Table 1).

Individuals presenting microfilaremia were found in

all the age groups studied (Table 1). The mean age

among the individuals with microfilaremia was

29.6 years (ranging from 6 to 82 years). Analysis on

the distribution of the individuals with microfilaremia

according to sex and age group showed that among

females, the highest prevalence rate was observed in

the age group between 10 and 19 years, while among

males, it was in the group from 20 to 29 years. In

general, the highest prevalence was among the

younger population between 20 and 39 years of age

(Table 1).

The logistic regression model demonstrated that

income of between half and one minimum monthly

salary for heads of households, water supply only in

one room of the home, water supply only in the yard

of the property, other nonstandard methods of water

supply and the presence of 10 or more people in the

household increased the prevalence of microfilaremia

by 0.34, 0.15, 0.48, 0.23, and 5.53%, respectively.

Out of all the individuals investigated in the survey,

741 reported some type of clinical manifestation.

Among the 323 positive cases, only 12 reported signs

or symptoms of filariasis. Among these individuals

with complaints, six presented hydrocele and six had

erysipelas.

Through the kernel intensity method, the areas of

greatest intensity and lowest intensity of cases of

filarial infection were identified (Fig. 1B and C). It

was observed that the cases were distributed hetero-

geneously across the municipality.

Figure 1 Microfilaraemia distribution (A); density of the cases (B); strata of density of the cases (C) Jaboatão dos Guararapes,

Pernambuco, Brazil.

Table 1 Prevalence of microfilaremia according to age group and sex in Jaboatão dos Guararapes, Pernambuco, Brazil

Female Male

Total
Age group
in years

No.
examined

No.
microfilaraemic Prevalence

No.
examined

No.
microfilaraemic Prevalence

Odds
ratio X2 P

1–9 1854 5 0.3 1806 6 0.3 3660 1.23 … 0.96
10–19 2862 48 1.7 2679 49 1.8 5541 1.09 0.1 0.74
20–29 2396 25 1.0 1815 68 3.7 4211 3.59 32.11 0.00
30–39 2218 16 0.7 1414 41 2.9 3632 4.02 24.22 0.00
40–49 1774 10 0.6 1115 16 1.4 2889 2.55 4.79 0.02
50–59 1089 7 0.6 732 12 1.6 1821 2.55 3.22 0.07
60–99 1171 6 0.5 696 13 1.9 1867 3.65 6.5 0.01
Unknown 22 … … 30 1 3.3 52 … … …
Total 13 386 117 0.9 10 287 206 2.0 23673 2.28 52.08 …
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Discussion
The first epidemiological survey in the municipality

of Jaboatão dos Guararapes was conducted in the

1950s. It identified the presence of positive cases of

filarial infection, but these were allochthonous cases

coming from Recife.15 At that time, LF was not

considered to be a public health problem, and

surveillance actions were not implemented. Thus,

transmission in this municipality was allowed to

become established. The results from the present

survey show that LF is now endemic in this

municipality, given that positive cases were found in

88.0% of the districts. By applying the WHO (1988)

classification to the districts in which positive

individuals were detected, it could be seen that 17

districts were in the low prevalence stratum, while

two (Floriano and Cavaleiro) were in the intermedi-

ate prevalence stratum. Therefore, these last two

districts need to be prioritized by GPELF for mass

treatment.

Explanatory models for the endemicity of LF in

the municipality need to take into consideration the

complexity of social phenomena and their relation-

ship with the infectious cycle. Socioeconomic condi-

tions associated with insufficiency or lack of basic

sanitation, inadequacy of housing and cultural

and educational factors are factors that favor

proliferation of the vector mosquito (Culex quinque-

fasciatus).16

In this municipality, 65.4% of the districts presented

inadequate sewage disposal systems.16 The deficient

coverage of the sewage system is depicted by the

presence of rudimentary septic cesspits and drains,

along with excrement left out in the open air. These

significantly favor proliferation of the vector mos-

quito. A study conducted by Bonfim et al.,16 showed

that 73.0% of the cases of microfilaremia were located

in the areas of worst socioenvironmental conditions,

thus signifying that the risk of occurrences of filariasis

in such areas was 4.86 times greater than in areas with

better conditions.

In the present study, 323 individuals with micro-

filaremia were identified (1.4%), distributed in 255

households. Family-based surveys conducted in

India17 and in Brazil18 suggested that the environ-

ment within households is an important factor in

maintaining transmission. These studies indicated

that family aggregation and the presence of naturally

infected vectors within the household environment

were conditioning factors for new cases of parasitosis

to arise.

Analysis on the distribution of filariasis according

to sex and age group showed that the prevalence

among men was greater than the prevalence among

women, in the general population (P,0.05). These

data were similar to what was seen in previous studies

in Brazil,19 Haiti20 and Samoa21 which also found

higher prevalence among males.

The stratification according to age group made it

possible to see the same profile among individuals

aged 20–39 years, i.e. within this age group, men had

a greater chance of contracting filarial infection than

did women. The age group from 1 to 9 years stood

out as the group with the lowest prevalence, while the

highest prevalence was among individuals aged 20–

29 years. This pattern resembled what was described

by Bradin,22 Maciel et al.19 and Bonfim et al.10 in

investigations in areas endemic for LF areas. These

authors demonstrated that the pediatric population

presented relatively low microfilaremia rates, while

the rates were higher among young individuals of

productive age.

From an epidemiological point of view, special

attention needs to be paid towards investigating

individuals aged over 65 years. Such individuals play

an important role in maintaining the infection, given

that mass treatment actions do not consider these

populations.18 In the present study, 10 infected

individuals were identified in this age group, thus

indicating the need to implement a policy for super-

vising these individuals, within GPELF.

Among the clinical complaints reported, it was

observed that 741 (3.1%) of the individuals investi-

gated mentioned one or more signs of filariasis.

However, among these, only 12 individuals presented

microfilaremia. Investigations conducted in endemic

areas have noted that most of the microfilaremic

individuals are asymptomatic.10 A survey carried out

in the Philippines found that 14% of the individuals

with microfilaremia presented some type of chronic

manifestation. Hydrocele was observed in men aged

16–80 years and seven cases with lymph scrotum,

aged 26–64 years were identified on outpatients from

Brazil.23 It is estimated that around 15% of the

individuals infected will develop a clinical form of the

filariasis.24

The kernel intensity estimator identified spatial

clusters of cases, thus indicating localities with greater

concentration of cases. It therefore contributes towards

planning, monitoring and surveillance of actions for

eradicating LF. Studies conducted in Africa25,26 and

India27 characterized spatial analysis as a tool for

planning GPELF actions. Analysis on the spatial

distribution of individuals with microfilaremia indi-

cated that there was greater concentration of cases in

areas bordering the city of Recife, an area that

historically has been endemic,15,19,28 and bordering

the municipality of Cabo de Santo Agostinho, an area

showing recent endemicity.29

These data demonstrate the complexity of the process

of controlling and eradicating this urban endemic

disease. They also indicate the need to investigate new
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areas, particularly those that border localities that are

considered endemic for the disease, since so far, there

are very few studies characterizing the limits between

endemic areas and areas free from LF. There is no

consensus regarding the dynamics of investigating

endemic areas and their surrounds. The main advan-

tage of this type of analysis is that it enables rapid and

easy viewing of areas with greater concentration of

cases. It therefore incorporation of geoprocessing

techniques constitutes and important tool for use

within GPELF.
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