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Space-time analysis of visceral leishmaniasis 
in the State of Maranhão, Brazil

Abstract  This study analyzed the spatial and 
temporal distribution of cases of visceral leish-
maniasis in the State of Maranhão in the peri-
od from 2000 to 2009. Based on the number of 
reported cases, thematic maps were prepared to 
show the evolution of the geographical distribu-
tion of the disease in the state. The MCMC meth-
od was used for estimating the parameters of the 
Bayesian model for space-time identification of 
risk areas. From 2000 to 2009 there were 5389 re-
ported cases of visceral leishmaniasis, distributed 
in all 18 Regional Health Units in the state, with 
the highest indices in the cities of Caxias, Impera-
triz, Presidente Dutra and Chapadinha. The Re-
gional Health Units with the highest relative risks 
per biennium were: Caxias and Barra do Corda 
(2000-2001), Imperatriz and President Dutra 
(2002-2003), Imperatriz and Caxias (2004-
2005), Presidente Dutra and Codó (2006-2007) 
and Imperatriz and Caxias (2008-2009). There 
was considerable geographic expansion of visceral 
leishmaniasis in Maranhão, thus highlighting the 
need to adopt more effective measures for preven-
tion and control of the disease in the state.
Key words  Visceral leishmaniasis, Space-time 
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Introduction

Visceral Leishmaniasis is a serious public health 
problem that is widely prevalent in the world. It 
is currently amongst the seven endemics consid-
ered to be a priority in relation to health actions 
in the world. It is on the list of neglected trop-
ical diseases that should be eradicated by 2015 
according to the World Health Organization 
(WHO)1,2. 

Brazil accounts for 90% of the LV cases in 
Latin America and it is considered the country 
with the third highest rates of the disease in the 
world3. In Brazil, between 1999 and 2008, more 
than one third of districts registered autochtho-
nous cases and in these districts the disease has 
not been considered a priority. Also between 
1980 and 2008 70 thousand cases of LV were 
registered in the country which resulted in the 
deaths of more than 3,800 people4,5.

Amongst all of the Federal states in Brazil, 
Maranhão has recorded the highest number of 
cases of LV. From 1999 to 2005 this state was the 
leader in the number of confirmed cases of the 
disease in Brazil. By 2009, 9,972 cases were reg-
istered with the majority being registered in the 
districts that make up the island of São Luís: São 
Luís, São José de Ribamar, Paço do Lumiar e Ra-
posa6,7.

Although there has been some recognition 
of the magnitude of the problem in Maranhão 
no studies have been done over the last decade 
covering the scale of the problem and the num-
ber of new cases. It also should be remembered 
that many studies6-8 were done with a view to 
understanding LV’s epidemiology in the districts 
that make up the island of São Luís (São Luís, 
São José de Ribamar, Paço do Lumiar e Raposa), 
however we do not have any data regarding the 
progression of the disease in the state of Mara-
nhão. Therefore we believe that a good grasp of 
the nature of the problem or the risk hot spots 
within the regions is essential for designating ad-
equate resources to combat the disease and for 
taking appropriate health care actions. 

Different Bayesian saptio-temporal models 
have been used to get a better understanding of 
the dynamics involved in the transmission of LV. 
This type of modeling allows for the obtaining 
of stable estimates of the spacial variations of the 
relative risks or the disease incidents9-11. However 
when the number of cases and the population at 
risk in an area over a specified period of time are 
low, it becomes difficult to obtain risk estimates 
that are near to reality. But it may be more bene-

ficial to use information from surrounding areas 
to estimate the relative risks. 

The use of these models in the area of epide-
miology have been present in a number of stud-
ies. Vieira et al.12 described the spatial-temporal 
behavior of LVH in Birigui (SP). Other studies 
used the same model for other endemic diseas-
es, such as that of Souza et al.13. They analyzed 
the spatial distribution of leprosy in the city of 
Recife. This was also done by Nobre et al.14. They 
analyzed the number of malaria cases in Pará be-
tween 1996 and 1998. 

In this present study the aim is to analyze spa-
tial-temporal distribution of LV cases in Maran-
hão between 2000 and 2009.

Methods

This is an ecological study looking back at the 
history of LV cases that were registered according 
to the residents in the state of Maranhão between 
2000 to 2009.

The state of Maranhão, that has as its cap-
ital São Luís, is located in the western region 
in the north east of Brazil. It covers an area of 
331.933,3 km², and it has a population estimated 
at around 6.184.538 inhabitants15,16. Maranhão is 
bordered by the following: the Atlantic ocean to 
the north, the state of Piauí to the east, the state 
of Tocantins to the south and south east and the 
state Pará to the west. The state has: 217 districts, 
5 mesoregions, 21 microregions and 18 region 
health units (URS). 

In this study the spatial units that were an-
alyzed were the regional health units represent-
ed by a group of neighboring districts that had 
similarities in relation to their: geography, cli-
mate and socio-economic position. They all also 
had a political/administrative office of the state 
Ministry for Health in Maranhão with the task of 
improving health care in the state. These regio-
nal health units were: Açailândia, Bacabal, Balsas, 
Barra do Corda, Caxias, Chapadinha, Codó, Im-
peratriz, Itapecuru-Mirim, Pedreiras, Pinheiro, 
Presidente Dutra, Rosário, Santa Inês, São Luís, 
São João dos Patos, Viana and Zé Doca15,16.

The population in the state of Maranhão be-
tween 2000 and 2009 was affected by all of the 
cases of Visceral Leishmaniasis. The information 
was collected from the Information System for 
the Notification of Diseases (SINAN) database. 
This was from the Secretary of State for Health 
in Maranhão. We excluded all information that 
could possibly be used to identify participants in 
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the study in order to respect their privacy. We also 
took out information which was: inconsistent, 
imprecise, incomplete or duplicated (i.e. two or 
more registers of the same case). We included 
cases where the individual presented symptoms 
of LV such as: a fever for more than two weeks, 
hepatoesplenomegaly, and/or a confirmed diag-
nosis of the disease through a bone marrow as-
piration showing positive for Leishmania sp. We 
also considered the area for URS, suggesting au-
tochthony for the disease. 

Information from the Brazilian Institute for 
Geography and Statistics16 was used to estimate 
and calculate the density of the population in 
each period for URSs. 

The number of incidents of LV was calculated 
based on the total amount of cases registered in 
each URS. We then divided the estimated densi-
ty population in each URS and multiplied this 
number by 100,000. In this way we were able to 
ascertain the number of those stuck down by the 
disease per 100,000 inhabitants.

We used the bayesian spatial-temporal model 
in order to obtain relative risk estimates for LV. 
Y represented the variable which was the num-
ber of LV registered cases at the URSs (i-ésima) 
during t year. i = 1,...,18 and t = 1,..., 10 (years 
2000 to 2009). For y

it
 we used the Poisson distri-

bution with an average µ
it 

= e
it
ρρ

it 
or in a logarith-

mic form log(µ
it
)= log e

it 
+ log ρ

it
, being e

it
 which

was the number cases expected at the URSs i in 
time t and ρ

it 
o the relative risk at the URSs i in

time t. 
The number of expected cases e

it
 were known 

quantities obtained from the population of each 
URS in the period between 2000 and 2009. This 
was calculated by ρ

it
, multiplied by the number of

cases at the URSs and i by the total population in 
all of the URSs. This was the equation: 

Using this method in this study the relative 
risk ρ

it
 was estimated through the use of the

Bayesian spatial-temporal model that was adapt-
ed by Nobre et al.8. The model used assumed that 
log(ρ

it
) = β

t 
+

 
b

it
 , and temporal effort β

t 
= β

t – 1
 +

v
t
 , for t=2, ..., 10. This model considers that the 

relative risk is related to the temporal effect β
t
, 

which is dependent on the effort for the previous 
year with a random error of v

t
, and a spatial-tem-

poral effort b
it
.. Apart from this, the random er-

ror v
t 
is normally distributed with an average of 

zero and an unknown variant       , designated by 
v

t 
~Normal(0,     ), and β

1
 ~Normal(0,      ). 

With the Bayesian approach is it necessary to 
specify the a priori distribution for the model pa-
rameters in the study. For the parameter b

it
, an a 

priori autoagressive conditional distribution was 
primarily used (CAR) with a variant     , as pro-
posed by Besag and Kooperberg17, denoted by b

it
 

~
 
CAR (    ), which determines the structure of 

the spacial correlation, given by: 

Where δ
i
  is the entirety of an area consid-

ered to be neighboring the i-ésima area accord-
ing to the criteria for neighbors;      represents 
the variability in the t and w

ij
 corresponds to the 

weight of the neighbor from the area j and for the 
area i, which defines the matrix for the neighbor-
hood18,19. Sometime afterwards b

it
 was considered 

for normal distribution with an average of zero 
and variants         , in other words, without con-
sidering the spatial correlation structure.

In order to define neighboring areas in spe-
cific areas i, and its respective weight, we used the 
adjacency criteria that allows for the consider-
ation of neighbors from other areas i limited to 
that bordered. In relation to defining the weights 
w

ij 
we considered for w

ij 
binary values, meaning 

w
ij 
is going to be equal to 1, if the URS i and j are 

adjacent and 0 if it is to the contrary17-19. 
Finally for the hyper-parameters 1/       , 1/                   
and 1/     , were considered a priori indepen-

dent distribution gammas with an average and 
variance equal to one14. Estimates of the param-
eters and hyper-parameters of interest were ob-
tained from the Monte Carlo Method via the Mar-
kov Prison (MCMC) where the WinBugs (Win 
Bayesian Inference Using Gibbs Sampling) version 
1.49 statistical program has been implemented. 

Three prisons were used simultaneously 
starting from different points, with each param-
eter monitored after a burn-in of 5,000 iterations 
and these simulations were discarded. After-
wards, 10,000 distribution values a posteriori for 
each parameter was generated. The criteria for 
convergence was based on a visual inspection of 
charts from Markov Prison.

Maps giving risk estimates from the Bayesian 
model were created in the TerraView Program 
version 3.5 and was presented biennially.

Σ
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Following ethical norms involving research 
of human beings, in accordance with Resolutions 
196/96 and 466/12 of the National Council for 
Health, the study was examined and approved by 
the Ethics Committee on Research at the Univer-
sity Hospital at the Federal University of Mara-
nhão. 

Results

Between 2000 and 2009 5,389 cases of LV was 
registered, with the highest numbers of incidents 
at the URSs: Caxias (36,1/100.000 Inhab.), Im-
peratriz (30,8/100.000 Inhab.), Presidente Dutra 
(10,8/100.000 Inhab.), Codó (10,4/100.000 In-
hab.) and Barra do Corda (9,8/100.000 Inhab.). 
The cases were registered in all of the URSs, with 
the reemergence of former hotspots for the dis-
ease such as at the following URSs: Caxias, Im-
peratriz e São Luís (6,5/100.000 hab.). There 
was the emergence of new hotspots for cases at 
the following URSs: hapadinha (5,7/100.000 
hab.), Itapecuru-Mirim (5,5/100.000 hab.), 
Balsas (5,7/100.000 hab.), São João dos Patos 
(5,5/100.000 hab.), and Pedreiras (5,5/100.000 
hab.). See Table 1.

Upon evaluating the number LV cases per year 
(Table 1) we noted that from 2007 (5,5/100.000 
Inhab.) and 2009 (5,6/100.000 Inhab.) there was 
the lowest numbers of LV incidents and in 2000 
(15,6/100.000 Inhab.) we recorded the highest 
numbers. On the other hand a completely dif-
ferent situation was seen at the URS in São Luís. 
790 absolute cases were registered putting it in 
third place and the number of incidents was 
6,5/100.000 inhabitants (in sixth position). This 
showed an important reduction in the main fo-
cus of the disease in the state (Table 1). 

Figure 1 and Figure 2 shows the temporal bi-
ennial progression of LV at the URSs in the study. 
The following URSs over two years showed the 
highest estimated relative risks: Caxias, Barra do 
Corda, Imperatriz and Presidente Dutra from 
2000-2001 (RR = 0,8-5,2) and 2002-2003 (RR = 
0,9-4,3). The following URSs over the next two 
years showed the highest risks: Imperatriz, Cax-
ias, Presidente Dutra and Codó from 2004-2005 
(RR = 1,2-3,7) and 2006-2007 (RR = 1,4-3,1) to 
greatest risks. Also the following URSs registered 
the highest risk for 2008-2009: Imperatriz, Caix-
as, Codó and Itapecuru-Mirim with relative risks 
that varied between 1,9 and 2,6. 

Discussion

This study showed that there was an accentuat-
ed geographical distribution of LV amongst the 
region health units in Maranhão between 2000 
and 2009. Aside from the appearance of new 
hotspots, previous hotspot areas continued to 
show occurrences of the disease. This demon-
strates that the existing control measures have 
not been sufficient to neither control LV endemic 
areas nor to prevent the outbreaks in areas that 
were then considered safe. 

LV is a recognized public health problem in 
the state of Maranhão since 19808,20. During the 
period of this study we observed an expansion of 
the disease not only in the areas with the greatest 
concentration of cases such as São Luís, Imperatriz 
e Caxias, but also in other regions. Various factors 
may have contributed to the spreading of this dis-
ease in the state. Among them, we can highlight 
the intense inter-municipal migratory flux which 
has also occurred at interstate level. This is the 
case for cities near to the Vale de Rio Doce railway 
line or Teresina (PI). This is also the case for cities 
with a large amount of deforestation. 

These types of population movements facil-
itate the introduction of LV etiological agents in 
once disease free areas. It also makes endemic ar-
eas even more susceptible to the disease. Many 
families that have migrated from rural areas have 
settled on the outskirts of the cities which vary 
in size. They lived in densely populated areas 
where there is little infrastructure or basic sani-
tation. This was the case in São Luis (MA) in the 
80s where intense migration occurred due to the 
beginning of big industrial projects. This sparked 
an epidemic6,7.

However we observed rises in cases in munic-
ipalities on the continent that did not previously 
register the disease. There was a considerable fall 
in the number of LV cases in the districts on the 
island of São Luís in the 90s6,7,9 up to the pres-
ent day. Other studies that evaluated the spatial 
temporal distribution of LV in various Brazilian 
regions, utilizing different methods, also showed 
a high number of cases in locations that had not 
registered the disease21-23. This geographical ex-
pansion of the disease could be associated with 
the low impact of the control measures that were 
used. It may also be due to the way how the dis-
ease is diagnosed and the registration system. 
This could also be the case in relation to the mo-
bility of the people. 
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In spite of the number of new cases that re-
mained high through the study, we noticed a re-
duction in the incidents and an increase in the 
geographical distribution of LV in Maranhão 
with variations among URSs. Furlan24 observed 
that the differences of the incidents among the 

regions maybe to do with the different contexts 
for each region which subsequently influenced 
the spread of LV.

Certainly there were other factors that must 
have influenced the geographical progression of 
LV in Maranhão. It seems that the majority of 

Table 1. Cases and Incidents (100,000 Inhab.) of Visceral Leishmaniasis per Regional Health Unit (URS) in 
Maranhão in the period from 2000 to 2009.

Source: SINAN. 
* Inc=incidents. 

São Luis
Rosário
Itapecuru-Mirim
Chapadinha
Codó
Pinheiro
Viana
Santa Inês
Zé Doca
Açailândia
Imperatriz
Balsas
S. João dos Patos
Presidente Dutra
Pedreiras
Barra do Corda
Bacabal
Caxias
Total

Cases 

155
0. 
8. 

21. 
27. 

0. 
1. 
0. 
4. 
3. 

233
10
9. 

38. 
16. 
41. 

3. 
285
854

Inc*

14.7
0. 

3.0
6.7

10.7
0. 

0.3
0. 

1.6
1.5

57.3
5.4
4.0

17.5
7.90
18.0

1.2
70.8
15.6

2000

Cases 

37. 
0. 

12. 
18. 

7. 
3. 
0. 
1. 
4. 
2. 

142
5. 

14
16. 
10
11
9. 

201
492

Inc

3.4
0. 

4.4
5.7
2.7. 
0.9

0. 
0.3
1.6
1.0

34.8
2.7. 
6.1
7.3
4.9
4.8
3.5

49.6
8.9

2001

Cases 

37. 
0. 
1. 

16. 
22
3. 
1. 
0. 
0. 
5. 

239
2. 
8. 

31. 
3. 

18. 
5. 

185
573

Inc

3.2
0. 

0.3
5.0
8.0
0.9
0.3

0. 
0. 

2.1
55.6

1.0
3.5

14.1
1.4
6.9. 
2.0

43.4
9.9

2002

Cases 

78. 
1. 
8. 

36. 
32
0. 
1. 
1. 
1. 

11
221
21. 

7. 
27. 

7. 
18. 

9. 
296
769

Inc

6.6
0.5
3.0

11.2. 
11.6

0. 
0.3
0.2
0.3
4.6

51.1
11.0

3.0
12.2

3.4
6.9. 
3.7. 

68.8
13.1

2003

Cases 

110
3. 
8. 

21. 
24. 

3. 
2. 
0. 
2. 

10
132

17
6. 

12. 
21. 
35. 

4. 
119
508

Inc

8.8
1.6
3.5
6.3
8.4
0.9
0.6

0. 
0.7
3.9

29.9
8.6
2.5
5.3

10.0
13.0

1.6
26.9

8.4

2004

Cases 

124
1. 
5. 

15. 
50
0. 
2. 
1. 
4. 
6. 

74
13. 
16. 
14
13. 
25
7. 

138
495

Inc

10.3
0.5
2.2
4.6

18.0
0. 

0.6
0.2
1.5
2.4

16.9. 
6.7
6.9. 
6.3
6.2
9.5
2.9

31.8
8.4

2005

São Luis
Rosário
Itapecuru-Mirim
Chapadinha
Codó
Pinheiro
Viana
Santa Inês
Zé Doca
Açailândia
Imperatriz
Balsas
S. João dos Patos
Presidente Dutra
Pedreiras
Barra do Corda
Bacabal
Caxias
Total

Cases 

37. 
0. 

12. 
18. 

7. 
3. 
0. 
1. 
4. 
2. 

142
5. 

14
16. 
10
11
9. 

201
492

Inc

3.4
0. 

4.4
5.7
2.7. 
0.9

0. 
0.3
1.6
1.0

34.8
2.7. 
6.1
7.3
4.9
4.8
3.5

49.6
8.2

2006

Cases 

69. 
1. 

16. 
16. 
22
1. 
2. 
1. 
0. 

11
52
15. 

4. 
20. 

3. 
15. 

4. 
92

341

Inc

5.2
0.5
6.9. 
4.6
7.5
0.3
0.6
0.2

0. 
4.1

11.6
7.4
1.6
8.8
1.4
5.5
1.6

20.4
5.5

2007

Cases 

69. 
6. 

30. 
9. 

35. 
4. 
0. 
4. 
2. 

15. 
69. 

6. 
35. 
29
18. 
30. 
18. 
60

421

Inc

5.2
3.2

13.1
2.6

12.0
1.2

0. 
1.0
0.7
5.6

15.4
2.9

14.2
12.8

8.5
11.0

7.4
13.3

6.8

2008

Cases 

27. 
7. 

39. 
16. 
25
6. 
0. 
1. 
2. 

22
67. 

7. 
25
30. 
16. 
32
4. 

39. 
349. 

Inc

2.0
3.7. 

17.0
4.6
8.6
1.8

0. 
0.2
0.7
8.2

14.9
3.4

10.1
13.2

7.5
11.7

1.6
8.6
5.6

2009

Cases 

790
19. 

132
188
289
20. 

9. 
9. 

20. 
90

1338
110
129
240
115
254

70
1567
5389

Inc

6.5
1.1
5.5
5.7

10.4
0.6
0.3
0.3
0.8
3.7. 

30.8
5.7
5.5

10.8
5.5
9.8
2.9

36.1
9.1

Total
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cases are associated with anthropic pressure on 
the environment and the disorderly occupation 
of areas. Another important aspect is the capac-
ity of the sandfly Lutzomyia longipalpis (Diptera: 
Which can be found in practically the entire 
state25. 

The elevated relative risk in the decade that 
the study covered in the Imperatriz e Caxias 
URSs, reinforce the idea detailed by Dantas-Tor-
res and Brandão-Filho22 that beating the disease 
which is typically prevalent in rural areas can 
and has been achieved in urban and peri-urban 
medium and large cities. On the other hand, the 
destruction of nature for the construction of so-
cial housing and to widen roads may have con-
tributed to the increase in the vector density in 
the URSs, particularly in Imperatriz. This was 
due to the population increases because of the 
soya plantation and the extraction of wood in the 
pre-amazon region. 

Mestre e Fontes21 identified the wide geo-
graphical expansion of LV in Mato Grosso, af-

fecting urban and peri-urban areas in various 
districts. This was also the case for the suburbs 
in the state where the spread of the disease went 
hand in hand with the disorderly occupation of 
urban areas and migratory flux. As was the case 
in Maranhão Werneck et al.26 blamed the lack of 
an effective and permanent monitoring system 
with human resources and the lack of sufficient 
finances to aid in the control of LV in urban cen-
ters.

One of the major problems found during 
this study was the lack of or inconsistencies in 
the information which resulted in variations in 
numbers which could not be explained. The data 
that was filled in was understood as the result 
of routine activities in health services. In spite 
of the work of Epidemiological Monitoring De-
partments in the districts, little contentment was 
registered. 

Despite the aforementioned limitations, the 
results of the study allowed for a diagnosis of 
the geographical expansion of LV in the state 

Figure 1. Spatial Temporal analysis of the areas of risk 
for Visceral Leishmaniasis (LV) for Regional Health 
Units (URS) in the state of Maranhão, bieannial: 
2000-2001 (A), 2002-2003(B), 2004-2005(C).

Relative risk 

Relative risk 

Relative risk 
< 0.23

0.23 a 0.50

0.50 a 0.93

> 0.93

< 0.14

0.14 a 0.40

0.40 a 0.78

> 0.78

< 0.32

0.32 a 0.62

0.62 a 1.16

> 1.16

B

A

C

Figure 2. Spatial Temporal analysis of the areas of risk 
for Visceral Leishmaniasis (LV) for Regional Health 
Units (URS) in the state of Maranhão, bieannial: 
2006-2007 (A), 2008-2009 (B).

Relative risk 
< 0.43
0.43 a 0.76
0.76 a 1.42
> 1.42

A

B

Relative risk 
< 0.58
0.58 a 0.97
0.97a 1.93
> 1.93
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of Maranhão. We were able to map the areas of 
risks for occurrences and incidents of the cases. 
We hope to have contributed to the planning of 
health actions and in the design of a state plan for 
management in this area which is more closely 
aligned to the epidemiological and social reality 
of the state.

The number of cases of LV in Maranhão is 
still very high and can be found throughout all of 
the URSs. This is specially the case in areas where 
the population has grown during the period of 
the study. However what is needed are more ef-
fective prevention and control measures to con-
trol the disease in the state.
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