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Background  
Visceral leishmaniasis (VL) is a neglected tropical disease endemic in several countries, 
with as much as 97% of cases in the Americas attributable to Brazil. Despite considerable 
investment in disease control, Belo Horizonte is one of the Brazilian municipalities with 
the highest mortality rates. The present study aimed to investigate the association 
between climatic variables and the increase in the number of VL cases in Belo Horizonte. 

Methods  
The study analyzed 1,897 laboratory-confirmed cases of VL registered by the 
municipality’s Epidemiological Surveillance from 1994 to 2019. The climatic variables 
were obtained from the National Institute of Meteorology. 

Results  
The first reported VL case was detected in 1994, and since then, the disease has spread 
throughout the municipality. The disease was most common in the very young age 
groups, 1 to 4 years, and older groups, 40 to 49 years old. Approximately 63% of detected 
cases were men. A peak number of cases were observed in 2004, 2006, 2008 and 2017. 
Total precipitation was significantly associated with the number of VL cases, with more 
cases depending on rainfall (P=0.006), thus confirming that climate contributes to the 
disease spread. 

Conclusions  
These results demonstrate the need for the actions of the Visceral Leishmaniasis 
Surveillance and Control Program to be reinforced in years with above-average rainfall, a 
situation that is increasingly more frequent in Southeastern Brazil due to global climate 
change. 

INTRODUCTION 

Visceral leishmaniasis (VL) is present in 12 countries on 
the American continent, with 97% of the cases reported in 
Brazil with an incidence rate of 2.0 per 100,000 inhabitants 
and a fatality rate of around 7%.1 The etiological agent in 
the Americas is the protozoan Leishmania infantum, which 

is transmitted by the phlebotomine Lutzomyia longipalpis, 
with dogs serving as the main reservoir in the urban envi-
ronments.2 

Climate and socioeconomic changes were suggested to 
have a role in the expansion of VL.3 Several studies have 
already investigated the relationship between the distribu-
tion and expansion of the disease with socioeconomic fac-
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tors, indicating a strong relationship between VL and less 
favoured locations with low income and poor infrastruc-
ture.4–6 There is growing evidence of the climate change 
impact on vector-borne diseases.7–11 For example, changes 
in temperature and humidity, especially in endemic areas of 
the disease, can aggravate leishmaniasis, as these changes 
are directly linked to the natural cycle of the disease and 
the vector’s ability to survive.12,13 The present study in-
vestigates the hypothesis that climatic factors are respon-
sible for the variation of VL cases, with the prediction that 
warmer and wetter climates may have contributed to in-
creased cases over the last decades. We tested this hypoth-
esis in an endemic area of the disease in Brazil, using reli-
able data from the last three decades. 

METHODS 
ETHICS 

This study was approved by the Research Ethics Committee 
of the Federal University of Ouro Preto (Report No. 
3,291,628) and by the Ethics Committee of the Municipality 
of Belo Horizonte (Report No. 3,343,825). 

STUDY DESIGN 

This was a time-series study of VL carried out in the city 
of Belo Horizonte, capital of the state of Minas Gerais, in 
the southeastern region of Brazil. It is Brazil’s sixth most 
populous city, with an area of 331,354 km². It is located 860 
meters above sea level and has an estimated population of 
2,521,564 in 2020. It presents dry winters and rainy sum-
mers with a predominantly tropical climate. 
All known VL cases of residents in the municipality in 

the period from 1994 to 2019, confirmed by the Epidemio-
logical Surveillance sector of the Municipal Health Depart-
ment, were included. Confirmed cases were those with at 
least one positive laboratory diagnostic test. The environ-
mental variables, average temperature, maximum temper-
ature, minimum temperature, the maximum and minimum 
temperature in the dry and rainy seasons, total precipita-
tion, number of rainy days, precipitation in the dry and 
rainy seasons, and the relationship between precipitation 
and rainy days were obtained from the National Institute of 
Meteorology.14 As we used the annual data, monthly fluc-
tuations were not assessed. 

DATA ANALYSIS 

The incidence of VL along the time series was initially de-
scribed through the absolute number of cases and relative 
frequency per 100,000 inhabitants. To calculate the inci-
dence rate per year, the population estimates were obtained 
by the Instituto Brasileiro de Geografia e Estatística.15 

The explanatory variables chosen to be tested were: total 
precipitation, the maximum and minimum temperature in 
dry and rainy seasons, number of rainy days, and precipi-
tation/rainy days ratio. The correlation and collinearity be-
tween them were verified, and the following variables were 
excluded: average temperature, maximum and minimum 

temperature, and precipitation of dry and rainy periods. 
Next, a stepwise multiple linear regression was performed 
to test the effect of the remaining variables on the distrib-
ution of the number of cases (log-transformed to meet nor-
mal distribution requirements). Total annual precipitation 
was the only variable retained in the model, thus reduced 
to a simple linear regression model. All analyses were per-
formed using Minitab 19 software, with significance set at 
P<0.05. 

RESULTS 

Among the 1,897 cases in this study, the disease was the 
most common in children 1 to 4 years old (n = 344; 18.1%) 
and adults 40 to 49 years old (n = 249; 13.1%). Approxi-
mately 63% (n=1192) were men; in terms of the disease out-
comes, 75% were completely cured (1,418), followed by 105 
(5.5%) deaths and 374 (19.7%) censored cases. 
The first case reported in the city occurred in 1994, and 

there were substantial variations in the rates in the follow-
ing years (Figure 1). In the 90s, the highest incidence rate 
was recorded in 1996 (2.39/100,000), followed by a decrease 
in the next years, with 1998 being the year with the lowest 
number of cases and incidence rate of the series. Notice-
able increases in the number of cases occurred from 2003, 
leading to a peak in the number of cases in 2004. In the 
subsequent years, fluctuations in the number of cases were 
observed, but the series remained with high values. An-
other two peaks were observed, in 2006 and 2008, the lat-
ter with the highest number of cases (161) and incidence 
(5.08/100,000) recorded in the city’s history. Until 2010, the 
number of registered VL cases remained high, but in 2011 
a significant decline was observed, with a slight increase 
in 2017. Still, values in 2017 were lower when compared to 
2004 to 2010. 

CLIMATIC FACTORS ASSOCIATED WITH THE EXPANSION 
OF THE DISEASE 

The variation in the number of VL cases during the study 
period showed a clear correspondence with total precipita-
tion, increasing the infection burden in wetter years (Figure 
2). 
Indeed, yearly precipitation explained significantly the 

number of VL cases (F1;24 = 9,14, P = 0.006; Figure 3). Even 
along the period with less rainfall variation, between 1994 
and 2005, with most of the years ranging from 1500 mm to 
1600 mm, the two rainfall peaks, 1800 mm in 1995 and 1950 
mm in 2004, resulted in increased numbers of VL cases. 
From 2001 onwards, an extremely accelerated increase in 
cases of the disease was observed, and from 2003 it started 
to follow the rainfall variation tightly, until a severe decline 
along with rain decline starting in 2010 until 2014, followed 
by a subtle increase of both in the next years. 

DISCUSSION 

In the last three decades, there has been a considerable 
fluctuation in the number of VL cases in Belo Horizonte. It 
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Figure 1. Incidence of visceral leishmaniasis in Belo Horizonte, Brazil, 1994 – 2019.            

Figure 2. The relationship between the natural      
logarithm number of cases and total precipitation.        

was evidenced that the rainfall partially drives the number 
of disease cases. 
A recently published systematic review showed that so-

cioeconomic, environmental and climate variables were as-
sociated with disease incidence in vulnerable human popu-
lations of arid and tropical developing regions. In addition, 
socioeconomic and climatic changes usually play a signifi-
cant role in the presence and distribution of the disease.3 

Several studies have already investigated the relationship 

between the distribution and expansion of the disease with 
socioeconomic changes, indicating a strong relationship 
with VL.6,16 Currently, new evidence is emerging relating to 
the impact of climate on vector-borne diseases.9,10 In this 
study, we found that total precipitation partially explained 
the variation in the number of cases, an important factor in 
the spread of the disease. 
Previous studies showed that temperature and rainfall 

are fundamental factors for spreading this disease.9,17,18 

Studies conducted in Brazil showed an association between 
VL incidence and annual precipitation.18–20 The effects of 
rainfall in the growing number of VL cases might be related 
to the vector’s transmission cycle, as the phlebotomine 
needs high temperature and humidity to reproduce.21 

Precipitation drives the availability of nutrients for lar-
val development and the suitability of the environment for 
reproduction.22–24 Therefore, environmental disturbances 
caused by the flooding of urban rivers, trash accumulation 
due to flash floods, and sewage overflow, particularly in 
areas under poor sanitarian conditions, may be neglected 
causes of VL outbreaks in very rainy years. Although the 
yearly rainfall is not as high as around 2008-2011, the rain 
regime has changed, and the city is experiencing more rain 
volumes and storms per rainy day than before.25 Such years 
need close monitoring, as disruptive rains could exacerbate 
epidemiologic scenarios, especially with Brazil returning 
to a situation of great populations experiencing extreme 
poverty.26 Poverty and poor infrastructure are already 
known to affect the presence of VL. A study in Belo Hori-
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Figure 3. Number of cases of visceral Leishmaniasis and total precipitation in Belo Horizonte, Brazil, 1994 - 2019.                 

zonte identified a relationship between income and educa-
tion indices with the risk of VL infection.27 

It is already established in the literature that several vec-
tors, phlebotomine species, have activities such as biting 
and mating impacted by the climate.28 As identified in the 
present study, precipitation is associated with an increase 
in the number of cases, and the study carried out by Ra-
jesh & Sanjay demonstrated an association between rainy 
periods and the presence of large numbers of sandflies.12 

With the increase in the number of vectors, consequently, 
there is an increase in the number of cases in endemic ar-
eas. Many studies indicate that temperature as a variable 
correlated with VL.17,29,30 The temperature also affects the 
insect’s metabolism, so defecation, oviposition, and devel-
opmental stage changes are much slower at low tempera-
tures.31 Besides a sufficient correlation between hot days 
and rainy days, after 2007, the region where Belo Horizonte 
is located has experienced high temperatures both in sum-
mer and winter.11 These continuously hot years may un-
dermine any possibility of detecting a quantitative effect of 
temperature in the cases. 
In addition to climate issues, a study in the city deter-

mined that from 1993 to 2007, VL showed a tendency to 
grow, probably due to the discontinuity of control programs 
and the delay in removing seropositive dogs. It also associ-
ates the form of urban space occupation as an influence in 
the risk of cases.32 According to Morais et al, the use of one 
information system to assess control actions may have con-
tributed to an improvement in the effectiveness of activi-
ties leading to a reduction in canine seroprevalence and the 
incidence of human cases in the years 2008 to 2011.33 Al-
though another work carried out in the municipality shows 

that the surveillance and control program was not very ef-
fective in reducing incidence rates, it emphasizes that if 
this did not exist, the epidemiological situation could be 
even more serious.34 

A possible limitation of our study was the changes in VL 
diagnostic methods over the period evaluated. VL diagno-
sis is performed through a combination of clinical criteria, 
parasitological and serological tests. Bone marrow aspirate 
parasitological tests, immunofluorescence test (IFAT) and 
rapid diagnostic tests (RDT) are the main tests performed 
in Brazil.35 Throughout the historical series, new tests with 
greater sensitivity and specificity were introduced.36 How-
ever, these changes may have little impact on the data pre-
sented since the cases are not diagnosed by active search in 
epidemiological surveys, as in canine visceral leishmania-
sis, but by demand when the patient seeks the health unit 
with clinical manifestations of the disease that are later 
confirmed in the laboratory. 
The historical series evaluated demonstrates the en-

demicity of the disease and indicates the possibility that 
new epidemic periods of the disease may occur. Climate is-
sues can influence these outbreaks.3 Extreme climate and 
poverty may interact more intensively in years under high 
rain volume, leading to an increase in VL cases. Thus, the 
use of meteorological data for epidemiological surveillance 
can contribute to better planning of their actions, intensi-
fying interventions in periods and years of greater rainfall, 
avoiding an increase in the number of vectors and conse-
quently in cases of the disease. 
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