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Abstract

Introduction: The knowledge of the relationship between Visceral Leishmaniosis and climatic aspects is already well established in the literature of other
countries, but lack data of this relationship in Brazil. Objective: This study aimed to describe the seasonal distribution of hospitalizations for Visceral
Leishmaniosis (VL) in a referral hospital for infectious diseases located in an endemic area of the semiarid in the Northeast of Brazil. Methods: The number
of monthly hospitalizations between 2003 and 2012 was recorded retrospectively and was correlated with climate variables. Results: During this period
1,302 patients were hospitalized. We observed an inverse relationship with the monthly amount of precipitation (r = - 0.725; p = 0.008), the number of
days per month with precipitation (r = - 0.683; p = 0.0144) and relative humidity (r = - 0.746; p = 0.005) when compared with the monthly number of
hospitalizations due to VL. Inversely, there was a direct relationship with the maximum monthly mean temperature and the number of hospitalizations due
to VL (r = 0.643; p = 0.024). Conclusions: The rainy season, characterized by more rainfall and higher humidity, was correlated with fewer hospitalizations
for VL. Conversely, in months with higher temperatures the number of hospitalizations for VL was higher.
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Resumo

Introducéo: O conhecimento da relagdo entre Leishmaniose Visceral e aspectos climaticos ja é bem estabelecido na literatura em outros paises. Entretanto,
esse tipo de avaliacdo carece de mais evidéncias no Brasil. Objetivo: Descrever a distribui¢cdo sazonal das internagdes por Leishmaniose Visceral (VL)
em um hospital de referéncia para doengas infecciosas localizadas em uma area endémica do semiarido no Nordeste do Brasil. Métodos: o nimero de
internagdes mensais entre 2003 e 2012 foi registrado retrospectivamente e correlacionado com as variaveis climaticas. Resultados: Durante esse periodo,
1.302 pacientes foram hospitalizados. Observou-se uma relagdo inversa entre o volume mensal de precipitagdes (r = - 0.725; p = 0,008), o numero de dias
por més com precipitacdo (r = - 0.683; p = 0,0144) e a umidade relativa (r = - 0.746; p = 0,005) quando comparados com o numero de hospitalizacdes
mensais devido a VL. Inversamente, houve uma relagio direta com a temperatura média mensal maxima e o nimero de internagdes por VL (r = 0,643; p =
0,024). Conclusdes: a estagdo chuvosa, caracterizada por maior precipitacdo e maior umidade, foi correlacionada com menos internag¢des por VL. Por outro
lado, em meses com temperaturas mais elevadas, o nimero de hospitalizagdes por VL foi maior.

Palavras-chave: Clima. Hospitaliza¢do. Leishmaniose Visceral.

INTRODUCTION

Visceral Leishmaniasis (VL) is a zoonosis of significant burden  of the most relevant diseases worldwide’ 8. VL is considered
that was first described by Leishman and Donovan in 1903%,  endemic in 98 countries and, according to the World Health
hence the name of its causing protozoal parasite: Leishmania  Qrganization (WHO) estimates, there are 350 million people at
donovani. It is transmitted to humans through the bite of an ik of infection, another 12 million people currently infected
mfectes:l female phlebotomine sandflie gf the Ph!ebotomus and 2 million new cases occur annually. In Latin America, Brazil
genus, in the Old World; and of the Lutzomiya genus, inthe New s the country with the highest incidence of the disease, mostly
World?®. In Brazil, VL has mammals of the Canidae family as its  concentrated in its Northeastern area’.

main reservoir hosts®. Clinical presentation includes prolonged

fever, fatigue, weight loss, liver and spleen enlargement and | the municipality of Fortaleza, state of Ceara, Brazil, 5,606
increased risks of hemorrhage and bacterial infections. Its  cases of VL were registered between 2003 and 2012, when 316
incidence is arising in urban areas representing the second most  (5.6%) of which resulted in death®. Difficult access to health
common cause of death among all parasitic diseases and one  care system, diagnosis and treatment delays may contribute to
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such high mortality rates™'.

The dynamics and incidence of VL transmission is considered to
be closely related to social and economic factors® '3, as well
as environmental®** and climatic ones**> ¢, The latter includes
use of land, soil coverage, topography, rainfall indexes, relative
humidity, temperature and vegetation. Temperature and
humidity play a major role on the vector mosquito’s survival,
development and activity; being sensitive to temperature
changes, they prefer areas where thermal amplitude is
smaller®™?’, Although a few species live inside trees and trunks,
species geographically close to human houses live inside walls,
especially breathable ones, which retain humidity during
the night and gradually lose it during the day*°. Additionally,
climate also influences host distribution and local vegetation®.
Moreover, rainfall may increase disease distribution by allowing
phlebotomine transportation to new areas®®.

Several studies'™'%22 performed in different countries have
found an association between climatic variables and VL
incidence. Little is known on this issue in the state of Cear3,
although VUs urbanization process is relatively new in our
country and climatic factors may have played a role in such
phenomenon?®. Furthermore, we are currently going through
a process of climate change worldwide, which to some extent
may have an impact on the distribution of seasonal distribution
of infectious diseases?. The aim of our study is to investigate
if there is similar correlation of climate and seasonality on
the number of patients admitted with VL in Fortaleza, Cear3,
Northeast Brazil between 2003 — 2012.

MATERIAL AND METHODS

Data collection — We performed a retrospective, descriptive
study using the data available in Hospital Sdo José for Infectious
Diseases, the reference hospital for infectious diseases in
Fortaleza, Ceard, Brazil. Our study included every patient
diagnosed with VL admitted in this hospital between January
1, 2003 and December 31, 2012, coming to a total of 1.302
patients. Patients are referred from different municipalities
of Ceara, most of them from Fortaleza and neighboring
cities (80.0%, according to the hospital’s Epidemiological
Surveillance Unit). We used the public domain data provided by
the National Meteorology Institute (INMET) regarding monthly
maximum, mean and minimum temperatures; monthly rainfall
distribution and monthly relative air humidity in Fortaleza
during that period. There is no data regarding the climatic
variables representative of all municipalities in the state of
Ceara.

Study area — Fortaleza is an urban area located on the seaside
of the Atlantic Ocean, in Northeastern Brazil, within the latitude
of 3243’02"”S and 3232’35”S. It has a mean altitude of 21 meters
(68 feet) and 34km (21 miles) of urban beaches. The city has an
area of 313,8 km? (121 mi?) and, according to the 2012 census,
is populated by 2.5 million people (25). The mean overall year
temperature is around 262 C and the rainy season goes from
January to May.

Data analysis — Spearman’s rho coefficient test was used
to determine possible correlations between the number of
monthly hospital admissions of patients with VL and climatic
variables (monthly mean temperature, relative air humidity and
rainfall) over the 10 years of the study. (IBM® SPSS® Statistics
Version 20)

Ethics — Ethical Committee approval was obtained (CAAE
27736914.4.0000.5044).

RESULTS

Between 2003 and 2012, 302 patients with VL were admitted in
our hospital, representing 22.1% (1,302/5,884) of the reported
cases in Ceard, Brazil®®. The mean (range) annual and monthly
number of hospitalizations due to VL was 108.5 (92 — 131) and
10.9 (3.6 — 17) respectively. During that period, the average
number of yearly hospitalizations due to VL increased from 98.4
to 162.0 (64.6%) when we compare 2003-2007 and 2008-2012.
The mean (range) annual and monthly number of days with: a)
precipitations were 152.4 (116.0 — 175.0) and 12.7 (7.2 — 19.0)
days; total precipitation were 1661.1 (1,033.3 — 2,369.5) and
138.8 (86.1 — 196.6) mm; maximum temperature were 31.2
(30.3 —32.1) and 31.2 (30.5 — 32.2) °C; minimum temperature
were 23.7 (20.6 — 25.3) and 23.7 (21.4 — 24.6) °C and relative
humidity were 77.2 (70.4 — 85.1) and 77.2 (73.7 — 80.9) %.
(Table 1).

Table 1. Climate variables between 2003 and 2012, Fortaleza-
Ce, Brazil

Climate variable Annual Monthly

Mean (range) Mean (range)

Days with 152.4 12.7
precipitations (116.0-175.0) (7.2-19.0)
o 1661.1 138.8

Total precipitation (1,033.3 - 2,369.5) (86.1 - 196.6)
Maximum 31.2 31.2
temperature (2C) (30.3-32.1) (30.5-32.2)
Minimum 23.7 23.7
temperature (2C) (20.6 — 25.3) (21.4-24.6)
77.2 77.2

1 idi 0,

Relative humidity (%) (70.4 - 85.1) (73.7 - 80.9)

The number of days with precipitations, total precipitations
and relative humidity were higher between January and June
than between July and December 19.1 (13.9 — 23.8) days, 248.3
(135.5 - 394.7) mm, 81.4 (78.4 —84.4) % vs 6.8 (4.9 — 9.5) days,
27.1 (8.3 — 68.1) mm, 73.2 (70.9 — 76.9) % respectively. Mean
maximum temperatures > 31° C were observed between August
and February and mean minimum temperatures > 24° Coccurred
between November and February. During that period, all those
climate variables remained stable, without any tendency of
increase or decrease. There was an inverse relationship with
the monthly amount of precipitation (r = - 0.725; p =.008), the
number of days in the month with precipitations (r = - 0.683;
p = .0144) and relative humidity (r = - 0.746; p = .005) when
compared with the number of hospitalizations due to VL (Figure
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1, Figure 2 and Figure 3).

Figure 1. Mean monthly Viceral Leisshmaniasis hospitalizations
and average rain fall between 2003 and 2012, Fortaleza, CE,
Brazil.
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Figure 2. Mean monthly Viceral Leisshmaniasis hospitalizations
and average days with precipitations between 2003 and 2012,
Fortaleza, CE, Brazil.
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Figure 3. Mean monthly Viceral Leisshmaniasis hospitalizations
and maximum temperature between 2003 and 2012, Fortaleza,
CE, Brazil.
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Inversely, there was a direct relationship with the maximum
monthly mean temperature and the number of hospitalizations
due to VL (r=0.643; p =.024) (Figure 4). The number of monthly
hospitalizations due to VL didn’t correlate with the minimum
monthly temperature variations (r =-0.141; p =.661).

Figure 4. Mean monthly Viceral Leisshmaniasis hospitalizations
and average relative humidity between 2003 and 2012,
Fortaleza, CE, Brazil.
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DISCUSSION

There is a growing interest in understanding the interaction
between climate and infectious diseases. Although the state
of Ceard stands out in the number of VL cases in Brazil, little
has been described so far about possible interactions between
the disease and climate, which could be useful in planning
health actions to control this endemic disease. Between
the first and the second half of the 10 year period analyzed
in our study, there was a significant increase (64.6%) in VL
hospitalizations in Hospital Sdo José, which accounts for
about one quarter of reported cases of the disease in Ceara.
It seems therefore reasonable to infer that our hospital could
represent a mirror of seasonal variations in the distribution
of VL cases in our region, although the fact that this hospital
constitutes reference for more severe cases may represent a
bias. Another possible weakness of our study is that we didn’t
investigate the incubation time, in view of difficulties such as
the onset of symptoms of the patient’s consciousness itself.
In agreement with this inference, the official epidemiological
data also showed an increase of VL cases in the same period
(10). In turn, between 2003 and 2012, although with expected
fluctuations, the regimen of precipitation, maximum and
minimum temperatures and relative humidity demonstrated
no significant trends of changes. In line with historical climate
records in Ceard, the rainy season is concentrated in the first half
of the year, when it is also observed a higher relative humidity.
Higher temperatures are concentrated between November and
February (FUNCEME Database).

Our study denotes that months with higher precipitations
records and humidity levels were associated with a decrease in
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the number of VL cases. This may be due to a lower reproduction
capacity of the vector under these conditions. In agreement
with this, Andrade et al.,(2012) had studied phlebotomine
fauna by capturing sandflies. They demonstrated a higher
burden of Lutzomyia longipalpis infestation after the rainy
season and recommended that control measures should be
reinforced in such seasons?®. However, these data are not in line
with other series of reports also in the Brazilian Northeast; they
can be assigned to other climate variables?”. Although vector
larvae need a humid environment to grow, first instar larvae
are not resistant to water submersion, and thus rainy periods
show a smaller chance of instar transition due to accumulated
water. Alternatively, increased levels of infestation by the Aedes
aegypti mosquito on this period of the year may, in theory,
pose a competitive disadvantage for Lutzomyia longipalpis
mosquitoes. Since this time period of the year also shows lower
temperatures, which in turn were not associated with changes
in number of hospitalizations for VL, this climatic variable does
not seem to be critical for the reproduction of the kala-azar
vector. On the other hand, there is evidence that most sandflies
species’ biting activity happens at twilight and may continue
through the night, which are naturally cooler periods of the day.
This shows that such vectors have a higher affinity for dark, cool
environments?,

One additional question is whether the well-known
socioeconomic aggravations and consequent increase of
malnutrition caused by periods of drought could be related or
not to further predisposition infection fragility of the human
host, especially in children, which could represent an issue for
new studies to assess this plausible relationship.

According to our data, higher maximum temperatures were
significantly correlated with an increase in the number of

hospitalizations for VL. This is probably explained by the fact
that environment warming favors vector reproduction. In
addition to this, an accelerated process of urbanization is
associated to poor socioeconomic conditions?, in geographic
spaces characterized by poverty, child malnourishment,
garbage accumulation and abandoned animals. This results
in a potential habitat for vectors, and thus contributes to
disseminating Leishmaniasis. This evidence leads to a reflection
on how the expanding endemics in Brazil and the increase in
the number of VL cases that followed the rapid urbanization
process in the country in the last two decades would be related
to the elevation in mean temperature seen in the larger cities.
While studying the interaction among Lutzomyia sandflies sp
and specific chemical compound, Silva and colleagues found
that carbonic acid was a chemical attractant for phlebotomine
flies (30). Moreover, such evidence leads to questioning, on a
future perspective, the impact that climate change related to
global warming may have on VL incidence, as it predisposes the
geographic expansion of VL and a rise in the number of VL cases
in already endemic areas.

In conclusion, although VL is highly prevalent in the state of
Cear3, Brazil, there are few studies concerning its association
with climate and seasonality. In this study, we observed that
precipitation and air humidity levels were inversely related to
number of hospitalizations due to VL, and that mean maximum
temperatures were directly related to hospitalization rates in
the reference hospital for infectious diseases at Ceard, Brazil.
Climatic changes such as global warming may favor vector
reproduction, thus leading to an increase in the incidence of VL
worldwide. We encourage that similar studies should be carried
out in other geographic areas to further assess the relationship
between phlebotomine reproduction, VL incidence and climatic
variables.
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