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Abstract

Background

Leptospirosis is a bacterial zoonosis. Leptospirosis incidence (LI) in Sri Lanka is high.

Infected animals pass leptospires to the environment with their urine. Leprospires’ survival

in the environment to infect a new host depends on meteorological factors. El Nino Southern

Oscillation (ENSO) and Indian Ocean Dipole (IOD) modulate the weather in Sri Lanka.

Objectives

The determination of interrelationship between the LI in the Hambantota District, and local

meteorological parameters, ENSO and IOD.

Methods

We acquired notified leptospirosis cases in the Hambantota District and population data.

We calculated weekly leptospirosis incidences for 2008 to 2017.Weather data from two

weather stations was obtained, averaged and converted into weekly data. We plotted time

series graphs and observed the correlation between seven aggregated weather parameters

and LI. We estimated cross-correlations between those weather parameters and LI. As our

principal analysis we determined correlation between LI and seven local weather parame-

ters, Nino 3.4, Nino4 and Dipole Mode Index (DMI) indices using wavelet analysis.

Results

Our wavelet analysis results showed troughs of minimum, maximum, mean temperatures,

soil temperature, the evaporation rate, the duration of sunshine were followed by peaks in LI

and peaks of rainfall followed by peaks of LI, all after lag periods. Our time series graphs

and cross-correlation determination results are generally in agreement with these results.

However there was no significant correlation between rainfall and LI in the cross-correlation

analysis. There were peaks of LI following both peaks and troughs of DMI. There was no

clear correlation between both Nino indices and LI.
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Discussion

This may be the first long-term study demonstrating soil temperature, evaporation rate and

IOD are correlating with LI. The correlation pattern of LI with temperature parameters differs

from similar past studies and we explain the reasons. We propose ways to control high LI

we observed after periods of weather favorable for transmission of leptospirosis.

1. Introduction

Leptospirosis is an emerging spirochaetal zoonosis of worldwide distribution but more preva-

lent in countries with hot and wet climates like in Sri Lanka. Leptospirosis is a major public

health problem of people and domestic animals [1–5]. It is an endemic disease of Sri Lanka,

and has been a notifiable disease since 1991 [3,6,7]. Leptospirosis is treatable but severe lepto-

spirosis (Weil’s disease) results in severe morbidity and high mortality [1,3,5,6].

1.1 The pathogen

Leptospirosis is caused by infection with pathogenic bacteria of genus Leptospira. These are

classified in to>300 serovars arranged in 25 sero groups based on their antigenic properties

and by some 14 species based on their DNA-relatedness [1–3,8,9]. Six primarily soil-living

intermediate species of Leptospira can also cause human disease opportunistically [9]. Five spe-
cies of Leptospira have been isolated from Sri Lankans in the past and 15 serogroups have been
reported [9].

1.2 Life cycle of the pathogen

Synanthropic rodents and domestic mammals are the main natural hosts of pathogenic leptos-

pira and humans are incidental hosts [1–4,6,10]. Infected hosts pass leptospires to the environ-

ment mainly with their urine. Humans commonly get infected by leptospires from damp soil,

surface water. It is seldom by direct contact with infected animals [1–4,6,11,12]. Leptospires
enter the body via breaches of the skin or through a mucus membranes. Intact mucus membranes
also be a cause of leptospirosis [1–3].

1.3 How meteorological parameters influence the life cycle of the pathogen

Soil moisture and temperature, presence of surface water, humidity and solar radiation are

reported to influence survival of leptospires, their ability to form biofilms in the environment

until they enter a host’s body [1–4,11,13]. Biofilms help a leptospire load that is sufficient

enough to cause infection, enter in to the host’s body. Desiccation rapidly kills leptospires [10].

These factors, which control the survival of leptospires in the environment, depend on local

weather. Therefore, the leptospirosis transmission is influenced by local weather [1–4,6,11].

The pest rodent population size of a locality (in the tropics) and the activity of rodents, fraction

of leptospirosis-infected rodents are known to be influenced by the local weather [7,11,13–16].

The two traditional cultivation seasons (especially rice cultivation) of Sri Lanka named ‘Yala’

and ‘Maha’ (called ‘Kharif’ and ‘Rabi’ in other South Asian countries) are based upon the two

major monsoon seasons of the year [6,7]. People who cultivate certain crops especially those

who work in rice paddies in Sri Lanka are at risk of contracting leptospirosis due to the follow-

ing reasons [1,3,6,11,12,17]. Although going out of practice, water buffaloes and cattle are used

in rice field preparation and threshing of harvest in SriLanka and people come into close
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contact with their urine during those activities. Most people work in rice paddies barefoot and

barehanded and after working wash themselves and their buffaloes and cattle in nearby water

channel cascades that irrigate paddies. Those channels act as reservoirs and a mode of spread

of leptospires [6,12]. Animal (especially cattle) manure is a common traditional fertilizer used

by Sri Lankan farmers and it is usually applied to crops without wearing any gloves [6]. Cattle

manure was demonstrated to be a source of pathogenic leptospires in field conditions [13].

Small mammals, including rodents, are part of the rice field ecosystem of Sri Lanka [18]. Con-

sidering all those influences on the life cycle of pathogenic leptospires by meteorological

parameters, there are good reasons to presume that meteorogical parameters have an impor-

tant influence on leptospirosis transmission in Sri Lanka, thus local leptospirosis incidence [6].

1.4 Reasons to study the correlation between LI and coupled ocean

atmosphere phenomena

El Nino southern oscillation (ENSO) is a coupled ocean atmosphere phenomenon where

changes of sea surface temperature (SST) in the Eastern and Western sides of the equatorial

Pacific Ocean and coupled atmospheric pressure oscillations modulate the weather in many

parts of the world, including Sri Lanka [19]. Indian Ocean dipole (IOD) is the comparable cou-

pled ocean atmosphere phenomena related to the tropical Indian Ocean. IOD is also known to

influence weather in Sri Lanka [19,20]. Hence both ENSO and IOD are likely to modulate LI

in Sri Lanka. To the best of our knowledge there are no long term past studies regarding IOD’s

influence on LI from anywhere and on ENSO’s influence from Sri Lanka. Thus additionally

we decided to study the correlation between indices of ENSO, IOD versus leptospirosis inci-

dence of Hambantota district as well. There are several indices of ENSO. Those are different

computations of SST and atmospheric pressure anomalies between different locations of the

Eastern and Western sides of the tropical Pacific Ocean. Nino3.4 and Nino4 are computed

considering areas closer to Sri Lanka. Because both indices were selected for and shown to be

correlated with the weather of Sri Lanka by some past studies, we selected both those indices

for our study [19–21].

1.5 Motives for this study

Compared to the significance of the burden of leptospirosis, long duration studies on leptospi-

rosis-weather interrelationship are rare [6,8]. Only a few long term studies in the past world-

wide have studied how multiple meteorological parameters correlate with the leptospirosis

incidence of an area [1,4,6,8]. We did not find any studies that consider soil temperature and

evaporation rate (even though some past studies considered atmospheric temperature). The

effects of the duration of sunshine on leptospirosis incidence were never studied in Sri Lanka

according to the best of our knowledge. Considering this background, we have decided to

study the interrelationship between leptospirosis incidence and rainfall, soil temperature, air

temperature, evaporation rate and the duration of sunshine in the Hambantota district in Sri

Lanka, where a higher percentage of the working population is engaged in agriculture, espe-

cially rice cultivation, compared to most other districts in the country.

1.6 Objectives and hypotheses

Our objective was to determine the interrelationship between weekly leptospirosis incidence

and the following meteorological parameters of the Hambantota district for the period of

2008–2017 and to identify potential ways to use the information generated to improve the con-

trol of local leptospirosis. Those weather parameters are: weekly averages of rainfall,
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maximum, mean and minimum atmospheric temperature, evening soil temperature at 5cm,

evaporation rate and hours of sunshine.

Detecting any interrelationship between the two monthly indices of ENSO (Nino 3.4 and

Nino 4 SST anomaly indices) plus the monthly IOD SST anomaly index namely, Dipole Mode

Index (DMI) versus the monthly leptospirosis incidence of Hambantota was an objective as

well.

2. Methods

2.1 Ethics statement

The study was approved by the ethics review committee of the Faculty of Medicine, Peradeniya

University of Sri Lanka (2018/EC/22).

2.2 Study setting

Hambantota district has an area of 2,593km2. Hambantota town is situated in the middle of

the district. The estimated population of the district in 2017 was 647000. Among the working

population, 43% and 32.2% respectively were engaged in agriculture in 2010 and 2017, accord-

ing to the Sri Lanka Department of Census and Statistics. To compensate for local differences

of weather within the district as well as to compensate for when data is missing from one sta-

tion, we used averages of weather data from two weather stations of the district, namely Angu-

nakolapelessa (6.17N,80.88E) and Weerawila (6.28N,81.23E) for our study. Fig 1 shows the

Hambantota district in a map of Sri Lanka.

To give an idea of the local weather to the readers, we did the following estimates for our

study period. The average annual rainfall was 1175mm, average mean ambient temperature

was 28.3 degrees Celsius, average soil temperature at 5cm depth in evenings was 34.6 degrees

Celsius, average evaporation rate was 4.3mm/day and average hours of sunshine per day was

6.9 hours.

2.3 Data

We obtained the numbers (counts) of leptospirosis cases notified from our study area each

week from the weekly epidemiology reports of the Ministry of Health of Sri Lanka from 2008

to 2017 for this retrospective analytical study. We acquired the rainfall, atmospheric and soil

temperature, evaporation rates and sunshine hours data of Angunakolapelessa and Weerawila

weather stations from Sri Lanka Department of Meteorology for the same period. The annual

estimated mid-year population of the Hambantota district for 2008–2017 was obtained from

the Sri Lanka Department of Census and Statistics. Monthly Nino 3.4 and Nino 4 SST anomaly

indices, plus monthly IOD SST anomaly index known as dipole mode index (DMI) were

obtained online from the National Oceanic and Atmospheric Administration of the United

States. Our data sharing statement gives further details. For weeks when data was missing

from one weather station, only the data of the other weather station was considered.

2.4 Analysis

We have estimated weekly leptospirosis incidence (LI) per 100,000 population. We plotted

time series graphs and observed the correlation patterns between seven aggregated weather

parameters and leptospirosis incidence during the course of the 52 weeks of the year, between

2008–2017. As there are clear annual cycles of weather in Sri Lanka, this helps us get a basic

idea of LI change with the changes of meteorological parameters within a year. The total count

of reported cases in 2011(428) was approximately the same as the combined total of the next
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four years (441). To find any special weather condition contributing to this high LI we plotted

time series graphs and compared aggregated weather parameters of the other nine years

against 2011.

We used wavelet time series analysis (wavelet analysis) as our mainstay analysis method.

Wavelet analysis is one of the best methods for the determination of nonlinear and non-sta-

tionary correlations like those between weather parameters and LI. It has been used widely in

the recent past in ecology, and in particular to determine correlations between weather and

infectious diseases [22,23]. However, we could not determine the scale of the correlations with

that method [6]. To determine which weather parameter/s most strongly affects LI of Ham-

bantota we have to find the magnitudes of the correlations. We computed cross-correlation

coefficients between weather parameters and LI for that. We used weekly data to analyze

weather parameters and then converted leptospirosis incidence to monthly data and deter-

mined correlations between monthly Nino3.4, Nino4 and DMI indices.

2.4.1 Wavelet analysis. The same methodology has been used by us in two studies in the

past and explained in detail in the methodology sections of those papers distributed under

CCA BY 4.0 and available online [6,23].

Most mathematical methods that examine periodicities in the frequency domain, such as

the Fourier analysis, implicitly assume that the process is stationary in time. However, wavelet

transforms expand time series into time-frequency space and can therefore find localized

intermittent periodicities.

In wavelet analysis, a suitable window is chosen and this window is shifted along the signal

and for every position the spectrum is calculated. This procedure is repeated numerous times

with a slightly shorter and longer window for every new cycle. With wavelet transform the out-

come will be a collection of time-frequency representations of the signal with different

resolutions.

The significance of the wavelet transform lies in the fact that it can be used to analyze time

series that contain non-stationary power at diverse frequencies. By decomposing a time series

into time-frequency space, we can determine both the dominant modes of variability and how

those modes vary in time. Cross wavelet transform (XWT) and wavelet coherence (WTC) are

used for examining the correlation in time frequency space between two time series.

While XWT is a common tool for studying localized intermittent oscillations in a time

series, it is very often appropriate to examine two time series together that may be expected to

be linked. In particular, to examine whether regions in time frequency space with large com-

mon powers have a consistent phase relationship and are therefore suggestive of causality

between those time series.

Continuous wavelet transform (CWT) was determined for the meteorological variable we

studied. The idea behind the CWT is to apply the wavelet as a band pass filter to the time series.

The wavelet is stretched in time by varying its scale, s, so that η = st, and normalizing it to have

unit energy. The CWT of a time series, Xn, n = 1,2,. . .,N with uniform time step δt, is defined

as the convolution of Xn with the scaled and normalized wavelet [23,24].

WX
n ðsÞ ¼

ffiffiffiffiffi
dt
s

r
XN

n0¼1

Xn0c0½ðn
0 � nÞ

dt
s
�

Fig 1. Hambantota district (the area of study) in a map of Sri Lanka. Hambantota district is shaded in yellow color in contrast

to the other 24 districts. Kandy, Anuradhapura and Kurunegala districts that we mention in our discussion are also identified in

this map. This map is a modification of the map (https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0231408)

created under CC BY4.0.

https://doi.org/10.1371/journal.pone.0245366.g001

PLOS ONE The interrelationship between meteorological parameters and leptospirosis incidence in Hambantota

PLOS ONE | https://doi.org/10.1371/journal.pone.0245366 January 22, 2021 6 / 25

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0231408
https://doi.org/10.1371/journal.pone.0245366.g001
https://doi.org/10.1371/journal.pone.0245366


Wavelet power [24]:

jWX
n ðsÞj

2

The comparison of the CWT of leptospirosis incidence with meteorological parameters

demonstrated clearly common features in the wavelet power. In order to check the possibility

of common power, the cross-wavelet transform was performed. The Cross Wavelet Transform

(XWT) finds regions in time frequency space where the time series show high common power.

The cross wavelet transform of two time series Xn and Yn is defined as [23,24].

WXY ¼WXWY�;

where � denotes complex conjugation.

Cross wavelet power [23,24]: |WXY|

In order to check the possibility of having a causality effect, the wavelet coherence (WTC)

was calculated. Wavelet coherence is defined as the square of the cross spectrum normalized

by the individual power spectra. This gives a quantity between 1 and 0, and measures the

cross-correlation between two time series as a function of frequency. If there are regions in

time frequency space with large common power that have a consistent phase relationship, it

suggests causality between time series [23,24].

Wavelet coherence [23,24]:

R2

nðsÞ ¼
jSðs� 1WXY

n ðsÞÞj
2

Sðs� 1jWX
n ðsÞj

2
Þ:Sðs� 1jWY

n ðsÞj
2
Þ

Where S is a smoothing operator.

In order to find the leading or lagging time, the time series were reconstructed for the

period which gives the maximum power. Because wavelet transform is a band pass filter with a

known wavelet function, it is possible to reconstruct the original time series. Reconstructed

time series [23,24]:

xn ¼
djdt1=2

Cdc0ð0Þ

XJ

j¼0

<fWnðsjÞg

s
1

2=

j

Where, ψ0(0) removes the energy scaling, while s
1

2=

j converts the wavelet transform to an

energy density. The factor Cδ is a constant for each wavelet function.

Considering the above equation and by summing over a subset of the scales, we constructed

a wavelet filtered time series. In our study the periods which gave the highest coherence

among the leptospirosis incidence and the meteorological parameters were identified. The

wavelet filtered time series for the period of our study were reconstructed and the lagging

times were calculated. The wavelet analysis was done by using MATLAB R2013a software of

MATLAB Corporation,U.S.A. Further details about wavelet analysis can be found in these ref-

erences [22–26].

2.4.2 Cross-correlation coefficients. We calculated cross-correlation coefficients between

weekly leptospirosis incidence and weather variables to get an idea of the magnitudes of corre-

lations, with the view of comparing the influence of studied temperature parameters on lepto-

spirosis incidence. We employed SPSS Statistics 20 software (IBM Corporation, USA) for that.

We calculated cross-correlations for minus 12 to plus 12 weeks. We selected a 12-weeks limit

considering the lag period results of our wavelet analysis results.

PLOS ONE The interrelationship between meteorological parameters and leptospirosis incidence in Hambantota

PLOS ONE | https://doi.org/10.1371/journal.pone.0245366 January 22, 2021 7 / 25

https://doi.org/10.1371/journal.pone.0245366


3. Results

There were 1312 notified cases and the average annual LI for Hambantota district for our

study period was 22.1/100,000 population. It was lowest in 2017 (7.9/100,000 population) and

highest in 2011 (74.2/100,000 population), as a result of the outbreak enduring March- June

2011.

3.1 Time series graphs of aggregated changes of LI and meteorological

parameters

A time series graph depicting the aggregated changes of LI during the course of 52 weeks of

2011 is shown in Fig 2.

Fig 2A shows that temporal patterns of aggregated mean and median LI are different and

temporal patterns of 2011 LI and mean aggregated LI of 2008–2017 are similar. This illustrates

how the very high LI of 9-24th week of 2011 influenced the mean aggregated leptospirosis inci-

dence 2008–2017. Fig 2B shows that the median LI 2008–17 and mean LI excluding the year

2011, show similar temporal patterns and magnitudes. The LI of 2011 shown in a different

scale shows a very different temporal pattern (and magnitudes). To prevent the influence of

the 2011 epidemic distorting the general trends, we appropriated the median leptospirosis inci-

dence for subsequent graphs.

Fig 2. Changes of aggregated weekly leptospirosis incidence (LI) during the course of the year, for 2008–2017.

Panel 2a; Changes of aggregated mean (dotted line) and median weekly LI during the course of the year, for 2008–2017

period, mean LI excluding 2011 for the same period and weekly LI during the course of 2011 (all per 100,000

population). x-axis: weeks/ primary y- axis: aggregated LI / LI of 2011 with much high magnitudes depicted in

secondary y-axis for clarity: 2b; Changes of aggregated median and mean weekly LI excluding year 2011 during the

course of the year, for 2008–2017 period, weekly LI during the course of 2011 (all per 100,000 population).Weekly LI of

2011 with much high magnitudes and a different temporal pattern depicted in secondary y-axis and by a dotted line for

clarity.

https://doi.org/10.1371/journal.pone.0245366.g002
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Fig 3 consists of three panels and illustrates the changes of aggregated weekly rainfall, aver-

age hours of sunshine and average evaporation rates versus aggregated median weekly LI dur-

ing the course of the year, for 2008–2017.

Panel 3a shows the changes of aggregated weekly rainfall and median of weekly LI during

the course of the 52 weeks of the year, for 2008–2017. It depicts how the periods of low rainfall

during weeks 23–34 were followed by low LI and periods of high rainfall during weeks 42–52

were followed by a rise of LI after a lag period. Panel 3b depicts how the aggregated mean of

daily sunshine hours and median of weekly LI change during the course of the 52 weeks of the

year for our period of study. Low sunshine hours after the 43rd week were followed by an

increase of LI. Panel 3c elucidates how the aggregated mean of daily evaporation rates and

median of weekly LI change during the course of the 52 weeks of the year for the same period.

After the evaporation rate rises in weeks 23–40, with a lag period, there is a decline of LI. After

the 45th week there is a drop in evaporation rates and a rise of LI.

Fig 4 consists of three panels showing time series graphs of three temperature parameters.

Fig 4A shows the changes of aggregated mean weekly maximum temperature (in degrees

Celsius) and of median weekly LI (per 100,000 population) during the course of the year for

2008–2017. During weeks 11–21 and 24–42, the maximum temperature remains high and LI

is relatively low. After the 45th week, the maximum temperature declines and that continues

until the 3rd week of the next year and then gradually rises. LI is high during this period. Dur-

ing weeks 11–21, despite the high maximum temperature, LI does not decline much. Fig 4B

depicts the changes of aggregated weekly minimum temperature (in degrees Celsius) and of

median weekly LI during our period of study. As in the graph 4b, when the minimum temper-

ature is high during midyear, the LI is low. The minimum temperature is low at the end of the

year, which continues to the first eight weeks of the next year, and LI is high. In spite of the ris-

ing minimum temperature during weeks 11–24, there are peaks of LI. Fig 4C portrays the

changes of aggregated mean evening soil temperature (in degrees Celsius) and of median

weekly LI. The temporal change patterns are similar to that of Fig 2B. When soil temperature

rises>35 degrees Celsius LI declines.

Time series graphs of aggregated weather parameters of other nine years against 2011 are

illustrated in Fig 5.

According to Fig 5, generally there was lower than average evaporation rates, hours of sun-

shine, soil and air temperatures and higher than average rainfall during the first 18 weeks of

2011.

3.2 Results of wavelet analysis

Fig 6 illustrates the results of wavelet analysis.

The explanation of the Fig 6 is very similar to explanation of wavelet analysis results of two

related papers by us [6,23].

Panel 6a of the Fig 6 shows the continuous wavelet transform of the weekly average of

hours of sunshine (per day), which expands the time series into time frequency space, whilst

panel 6b summarizes the power for each period. Panel 6c shows the cross wavelet transform of

weekly minimum temperature with weekly leptospirosis incidence, whereas panel 6d depicts

the power for each period. As panel 6e and 6f show, wavelet coherence is greatest between

weekly leptospirosis incidence and hours of sunshine for yearly (period) cycles. Color-coded

panels on the right side of panels 6a, 6c and 6e illustrate the magnitudes of CWT, XWT, and

WTC, in which dark blue and dark red indicate the lowest and highest respectively. The thin

U-shaped black lines in 6a, 6c and 6e are the cone of influence. The thick black lines in panels

6a, 6c and 6e are the 5% significance level using the red noise signal model. The arrows in
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panels 6c and 6e are vectors indicating the phase difference. A horizontal arrow pointing from

left to right signifies in the phase and an arrow pointing vertically upward means the second

series lags behind the first by 900.

Panel 6g is the reconstructed time series for the period of study (2008–2017). The mean

time period between peaks of sunshine hours and subsequent peaks in the weekly leptospirosis

incidence in this time series was 11 weeks and that is the average lag period.

3.3 Combined summary of wavelet analysis and cross-correlation analysis

(SPSS) results

Table 1 gives the combined summary of wavelet analysis and cross-correlation analysis results.

4. Discussion

All meteorological parameters studied and DMI were correlated with LI of Hambantota. Dif-

ferent lag periods in our wavelet and SPSS results can be attributed to differences in the ana-

lytic technique and an example of the influence of results by analysis technique in similar

studies [6,23].

4.1 Discussion of time series graph patterns

Annual seasonal change of LI in Hambantota is illustrated in Fig 2. Such seasonality was dem-

onstrated by studies done in other areas of Sri Lanka [6,7]. Graphs like Fig 2 give a good basic

idea of changes of LI with annual cycles of the local weather. Our Fig 2 led us to understand

how strongly the 2011 outbreak (9-24th week) influenced aggregated mean weekly leptospirosis

incidence in this 10 year study. It is an example of how one outbreak with a duration of several

weeks happening in unusual months can distort the general temporal pattern and magnitudes

of an aggregated incidence graph even in a decade-long study. Many preventive health author-

ities known to the authors study graphs of aggregated mean monthly/weekly incidence of the

past several years and decide the most appropriate month/s of the year to make extra effort to

control climate-sensitive infectious diseases like leptospirosis, influenza and dengue. Had we

considered only the means of weekly LI for plotting the graph for Fig 2, we would have ended

up with a graph with a misleading pattern. We present that as an example of the benefit of

looking for both aggregated mean and median to get a more realistic picture in similar studies.

The results of both wavelet analysis and cross-correlation analysis are in general agreement

with our time series graphs of correlation between aggregated weekly meteorological parame-

ters and median of weekly leptospirosis incidences during the course of the 52 weeks of the

year, for the period of 2008–2017. That elevates the fidelity of our results. Nonetheless, there

was no cross-correlation between rainfall and LI (Table 1). We give more emphasis to our

wavelet analysis results (more suitable to detect such non-linear and non-stationary correla-

tions) and conclude that peaks of rainfall are followed by peaks of LI. Our aggregated time

series graph (Fig 3) also supports this conclusion.

Fig 3. Changes of aggregated weekly rainfall, average hours of sunshine and average evaporation rates versus aggregated median weekly

leptospirosis incidence during the course of the year, for 2008–2017. Panel 3a; Changes of aggregated weekly rainfall (in mm) and of average

weekly leptospirosis incidence (per 100,000 population) during the course of the year, for 2008–2017. x-axis: weeks/ primary y- axis: median weekly

leptospirosis incidence (per 100,000 population). / secondary y-axis: aggregated weekly rainfall (mm). Panel 3b; Changes of aggregated sunshine

(hours per day) and of median weekly leptospirosis incidence (per 100,000 population) during the course of the year, for 2008–2017. x-axis: weeks/

primary y- axis: average weekly leptospirosis incidence (per 100,000 population). / secondary y-axis: hours of sunshine (per day). Panel 3c; Changes

of aggregated evaporation rate (mm per day) and of median weekly leptospirosis incidence (per 100,000 population) during the course of the year,

for 2008–2017. x-axis: weeks/ primary y- axis: median weekly leptospirosis incidence (per 100,000 population). / secondary y-axis: evaporation rate

(mm per day).

https://doi.org/10.1371/journal.pone.0245366.g003
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In our aggregated time series graphs (Fig 4), during weeks 11–21 the maximum tempera-

tures and soil temperature remain high, during 15–21 the minimum temperatures is high. Yet

after a pause there is a peak of LI. This appears to contradict our wavelet results. However, we

think there is a plausible explanation. The harvesting of rice in the main (Maha) season of the

year happens early in this period. During the harvesting season cultivators and many others

who usually engage in other occupations also work in rice paddies, exposing themselves to lep-

tospires, and Hambantota receives some rain from evening thunderstorms of the first inter-

monsoon season. The net effect of these can lead to the rise of LI.

4.2 Comparison of results of the present study with results of past studies

from Sri Lanka and elsewhere

The results of the present study are generally in agreement with past studies done in Sri Lanka

and several other countries except for temperature parameters and for sunshine hours [4,6–8].

We discuss the differences of results regarding temperature parameters and for hours of sun-

shine in details in 4.4 below.

Among factors that affect leptospires’ survival in soil; pH, salinity, texture and the micro-

biota of soil all are also influenced by local weather [12,27–29]. The persistence of leptospires

in water bodies is influenced by pH, solutes in water [29]. The composition of fauna and com-

mon serovars of leptospires differs in different climatic and ecological regions in Sri Lanka

[12]. The duration and intensity of urinary shedding of leptospires varies between mammals

from species to species [30]. Even in the same rodent species it varies markedly for different

serovars of leptospires [31]. Leptospirosis species and serovars responsible for outbreaks in the

wet zone (Kandy) and the dry zone (Hambantota) of Sri Lanka are different [32]. Longevity in

the environment varies among different pathogenic species of leptospires and longevity affects

lag periods [27]. The differences in lag periods compared to past studies including our past

study done in Kandy may be partially explained by differences of influence by the factors dis-

cussed above. Nonetheless, Kandy city is a mere 142km from Hambantota town as the crow

flies in the same country. Behaviors and practices that put people at risk of contracting lepto-

spirosis, protective measures they take, healthcare seeking and accessibility and preventive

health mechanisms of Hambantota and Kandy are more similar than those between popula-

tions of two nations. Hence comparing the effect of weather on LI in those two populations

using the same source of data and methodology is interesting. Soil in dry zone coastal plains

like Hambantota generally has higher pH and salinity than Kandy in the wet zone highlands

[33]. The land use patterns of the two districts differ. Kandy gets more rain, more frequently

[6]. Thus, the norm is soil remains more moist than in Hambantota. In Kandy we saw troughs

of weekly rainfall followed by troughs of LI but no peaks after peak correlation [6]. In Ham-

bantota, with normally dry soil, we see peaks of leptospirosis incidences following peaks of

rainfall, but no troughs after trough correlation. Nonetheless following weeks with many wet

days and days with rainfall >100mm, there were peaks of LI in Kandy [6]. A recent report

from neighboring India demonstrated a positive correlation with concentration of leptospires

Fig 4. Changes of aggregated weekly minimum and maximum atmospheric temperatures, and soil temperature (at 5 p.m.) versus aggregated median

weekly leptospirosis incidence during the course of the year, for 2008–2017. Panel 4a; Changes of aggregated maximum temperature (in degrees Celsius) and

of median weekly leptospirosis incidence (per 100,000 population) during the course of the year, for 2008–2017. x-axis: weeks/ primary y- axis: median weekly

leptospirosis incidence (per 100,000 population). / secondary y-axis: maximum temperature (in degrees Celsius). Panel 4b; Changes of aggregated mean

minimum temperature (in degrees Celsius) and of median weekly leptospirosis incidence (per 100,000 population) during the course of the year, for 2008–2017.

x-axis: weeks/ primary y- axis: median weekly leptospirosis incidence (per 100,000 population). / secondary y-axis: minimum temperature (in degrees Celsius).

Panel 4c; Changes of aggregated soil temperature (in degrees Celsius) and of median weekly leptospirosis incidence (per 100,000 population) during the course

of the year, for 2008–2017. x-axis: weeks/ primary y- axis: median weekly leptospirosis incidence (per 100,000 population). / secondary y-axis: soil temperature

(in degrees Celsius).

https://doi.org/10.1371/journal.pone.0245366.g004
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in rice paddies and rainfall [28]. Moreover, concentration of Pseudomonas bacteria in rice

paddies that shows antagonistic activity towards leptospires in vitro has shown negative corre-

lation with rainfall [28]. These findings support our results.

During the 2008 epidemic that affected mostly the wet zone districts, including Kandy,

Hambantota was not severely affected [7,32].

4.3 Discussion of the 2011 outbreak

Heavy rains and resulting floods affected Hambantota and several other districts of Sri Lanka

(mostly in the dry zone) in January 2011 [32,34]. Hambantota received a heavy rainfall during

13–18 weeks of 2011 as well. As Fig 5 illustrates, other meteorological parameters studied were

also conducive for leptospirosis transmission during the first 18 weeks of 2011. There were

lower than average soil and air temperatures, hours of sunshine and evaporation rates (that

were shown to be favorable for leptospirosis transmission locally). We believe this combina-

tion has contributed to the outbreak from the 9-24th week of 2011 (depicted by Fig 2B). How-

ever, only a smaller spike of incidence resulted in Kandy in early 2011 [6]. In Kandy a few

dams across the main river prevented major floods, and due to hill terrain the overflow of

minor waterways quickly subsided but Kandy had more landslides in 2011 [34]. Deep soil and

rocks dispersed after landslides do not contain leptospires. Factor/s other than weather present

in Hambantota but not in Kandy may have contributed to Hambantota outbreak as well.

Leptospirosis outbreaks subsequent to deluges were reported worldwide [1–4,6,8,11,13].

Flood water disperses leptospires (and drowned infected animals) so more people come into

contact with them, as local people do not wear boots when walking through flood water or on

paths that were recently flooded, and do not wear gloves when cleaning the residual debris fol-

lowing floods. Walking through flood water increased risk leptospirosis fifteen fold in one

case-control study [11]. Flood-displaced people often live in poor sanitary conditions. During

heavy rains many local people herd their livestock from fields to their backyard and dogs that

usually stay outdoors tend to stay indoors, increasing the risk of contracting leptospirosis.

When burrows of peri-domestic rodents get inundated, they also tend to come closer to peo-

ple. Heavy rains and the inundation of rice paddies occurred closer to ‘Maha’ harvesting sea-

son in 2011. Closer to harvesting season, rodents living near rice paddies are known to move

paddies, so those were more likely to have been contaminated with their urine [18,35]. After

harvesting, children play and cattle graze in local rice paddies sometimes. Those factors also

may also have contributed to the 2011 outbreak. According to the Fig 5, during the last 10

weeks of 2011 the general weather of Hambantota was also conducive for leptospirosis trans-

mission yet there was no outbreak. There were floods in many districts of the country includ-

ing Hambantota in May 2017, but there was no major leptospirosis outbreak in Hambantota

subsequently. As discussed later in 4.10, leptospirosis incidence is the net effect of weather and

many other factors. If other factors also simultaneously significantly contribute to spread of

leptospirosis, a major outbreak ensues in favorable weather conditions, as occurred in early

2011. It is interesting to note the similarity of this phenomenon with the classic Swiss cheese

model for human errors [36]. We did not find any evidence of marked change of most the

above mentioned non-weather factors of Hambantota within 2010–12. We suspected a possi-

ble outbreak among animals during the same time may have released more than the usual

Fig 5. Comparison of weekly weather parameters of 2011 against aggregated averages of those weather

parameters of other nine years are illustrated in six panels (a-f) of this figure. Time series of 2011 are shown in

maroon whilst aggregated averages of other years are in blue. 5a: Rainfall, 5b: Evaporation rate, 5c: Hours of sunshine,

5d: Soil temperature, 5e: Maximum air temperature, 5f: Minimum air temperature.

https://doi.org/10.1371/journal.pone.0245366.g005
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amount of leptospires or unusual species/ serovar to the soil contributing to early 2011 out-

break, and looked for evidence. Searching through volumes 3–4 of the Veterinary Epidemio-

logical Bulletin of Sri Lanka and a few visits to Sri Lanka Department of Animal Production

and Health failed to find any record of a leptospirosis outbreak among domestic animals in

Hambantota (and the Kurunegala and Anuradhapura districts; we discuss these below) from

July 2010- April 2011. Most rural smallholder farmers rarely seek veterinary services thus only

a small fraction of diseases get notified. Nonetheless, we found a hint that a change of the com-

monest leptospira species is responsible. Leptospira interrogans has been the commonest spe-

cies responsible for human cases and not a single case of L. kirschneri was reported among the

people of Sri Lanka from 1960s until 2008. Three human cases of L. kirschneri were detected

between 2008–2011, all of which were from the from the Kandy district according to very lim-

ited test results available [32,37,38]. Therefore we can presume that only a small percentage of

Sri Lankans possess any immunity against serovars of L. kirschneri that do not overlap with

serovars of L.interrogans. A study conducted in Anuradhapura, another dry zone rice cultivat-

ing district, during 2011 post-flood outbreak showed L. kirschneri was the predominant species

responsible and those authors attribute the 2011 outbreak (in the dry zone) of Sri Lanka to L.

kirschneri [32]. An interesting analogue is that the introduction of uncommon sero/geno types

of dengue virus to Sri Lanka has also contributed to dengue outbreaks [23,39,40]. In September

2010, kidney samples of 164 cattle, taken from the meat inspection hall of Colombo city, were

analyzed in another study. Those cattle were inspected and approved as disease free by the

Municipal Veterinarian Service. None of them originated from Hambantota. Kidneys from 20

were found to harbor pathogenic Leptospira species. Out of 20, seven had L. kirshneri and all

seven cattle originated from Anuradhapura and Kurunegala districts in the dry zone of Sri

Lanka [41]. We revisited weekly epidemiology reports from which we obtained patient data

and found that Kurunegala reported the highest count of leptospirosis cases of the country

during the same (2011) post-flood period. Although no information is available of any identifi-

cation of responsible species in human or animal leptospirosis cases from Hambantota during

2010–2011, and Anuradhapura and Kurunegala districts are not close to Hambantota, we

Fig 6. Results of wavelet analyses of weekly average soil temperature (at 5pm) versus weekly leptospirosis incidence for 2008–2017:

(Panel 6a) continuous wavelet transform (CWT) variations; (Panel 6b) wavelet power of CWT; (Panel 6c) crosswavelet transform

(XWT) variations; (Panel 6d) wavelet power of XWT; (Panel 6e) wavelet coherence (WTC); (Panel 6f) wavelet power of WTC; and

(Panel 6g) reconstructed time series for 2006–2015 period.

https://doi.org/10.1371/journal.pone.0245366.g006

Table 1. Combined summary of wavelet analysis and cross-correlation analysis (SPSS) results.

Meteorological Parameter Results of Wavelet Analysis Results of Cross-correlation Analysis (SPSS)

Average lag and range within brackets Correlation with Leptospirosis Incidence Correlation with Leptospirosis Incidence Highest Cross-

correlation

Coefficient (lag

period within

brackets)

Rainfall 11weeks (4–22) Peaks of leptospirosis incidence occur after peaks of rainfall. No significant correlation

Evaporation rate 11weeks (4–16) Peaks of leptospirosis incidence occur after troughs of evaporation rate. A Negative correlation -0.201 (5 weeks)

Maximum temperature 11weeks (2–18) Peaks of leptospirosis incidence occur after troughs of maximum temperature. A Negative correlation -0.223 (9weeks)

Minimum temperature 10weeks (4–18) Peaks of leptospirosis incidence occur after troughs of minimum temperature. A Negative correlation -0.193 (8weeks)

Mean temperature 11weeks (3–18) Peaks of leptospirosis incidence occur after troughs of mean temperature. A Negative correlation -0.234 (9weeks)

Soil temperature 10weeks (1–19) Peaks of leptospirosis incidence occur after troughs of soil temperature. A Negative correlation -0.182 (5weeks)

Hours of sunshine 11weeks (6–18) Peaks of leptospirosis incidence occur after troughs of weekly hours of sunshine. A Negative correlation -0.161 (10weeks)

Monthly Nino 3.4 SST anomaly index No clear correlation pattern

Monthly Nino 4 SST anomaly index No clear correlation pattern

Monthly DMI anomaly index Correlation 1 2.9 months (0–6) Peaks of leptospirosis incidence occur after peaks of DMI

Monthly DMI anomaly index Correlation 2 4 months (1–7) Peaks of leptospirosis incidence occur after troughs of DMI

https://doi.org/10.1371/journal.pone.0245366.t001
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think the information available can lead us to a plausible hypothesis. This is that is a L. kirsch-
neri outbreak among cattle (and other animals) may have released an unusually large amount

of leptospires into the environment and favorable weather and flooding may have facilitated

an outbreak among people in early 2011 in Anuradhapura, Kurunegala and possibly in Ham-

bantota and other districts. We found a similar scenario in literature [42]. A leptospirosis out-

break in 2004 in Guadeloupe in an unusual season was attributed to hot and wet conditions

created by ENSO. Interestingly, a locally uncommon leptospira serogroup becomes common

among patients following its increased incidence among mice during this period. In 2000

there were also heavy rains in Guadeloupe. Conversely, that serogroup was reported from a

smaller percentage of patients, and there was no outbreak among people. Our study illustrates

that when we study correlation patterns of LI with weather, while simultaneously considering

local non-weather factors gives a more realistic and useful picture. We have an interesting ana-

logue from a past study. We have demonstrated the combination of an abundance of infective

agent (infected hosts) with the vector in the environment and weather conducive for transmis-

sion resulting in a major nosocomial dengue outbreak [39].

4.4 Discussion of correlation between LI and temperature parameters,

hours of sunshine and evaporation rate

Most of the past studies, including our Kandy study, in contrast to our results, report a rise of

LI following rise of temperature [6,8]. We have a plausible explanation for this. The average

mean and maximum ambient temperatures of Hambantota during our period of study respec-

tively were 28.3 degrees Celsius and 32.7degrees Celsius. The average soil temperature in the

evenings was 34.6 degrees Celsius. The optimum growth temperature for leptospires in the lab-

oratory is 28˚C—30˚C [43]. Thus the further rise of temperatures above the optimum range

may have been unfavorable for the survival of leptospires in Hambantota. That explains our

results of troughs of LI following peaks of all three of the temperature parameters we studied.

Maximum and mean atmospheric temperatures had cross-correlations of the highest magni-

tudes, indicating a significant detrimental effect of higher than optimum temperatures on sur-

vival of leptospires. Although leptospires inhabit soil, the magnitude of cross-correlation was

less for soil temperature. We anticipated the opposite. We presume the reason may be that soil

temperature in the environment can vary even within a few meters distance depending on veg-

etation (shade) and other factors, thus variation from the average value is greater compared to

ambient temperature from place to place. During hot and dry times, people, domestic animals

and wild animals who come to human habitats share dwindling water sources for bathing and

drinking, thus increasing the risk of leptospirosis transmission. Our results indicate that this

factor plays a lesser role in Hambantota. A study from Thrissur district, Kerala, India with sim-

ilar high maximum temperatures like Hambantota but also with high rainfall shows that high

maximum temperatures have a negative correlation with leptospirosis case numbers [44]. In

Kandy, with an average temperature of 25˚C, a rise of temperatures means moving towards

the optimum range. That explains the peaks of LI following peaks of temperature parameters

in Kandy district [6]. A study conducted in Reunion Island, which has a lower average temper-

ature than Kandy, showed positive correlation between LI and average temperature [45]. The

same explanation is applicable to them as well.

The Reunion Island study demonstrated a negative correlation between global solar radia-

tion and LI and that is in agreement with our results [45]. However, there was no correlation

between sunshine and LI in a study done in Korea [46]. Those authors explain that result in

terms of leptospires possessing self-defenses with the capability of recovering from damage by

ultraviolet rays of the Sun. The auto-repair capability of leptospires becomes inefficient after
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>6 hours of exposure to ultraviolet rays [47]. The average daily sunshine in Korea is generally

shorter than that of Hambantota. For example, it is 5.7 hours for Seoul in contrast to 6.9 hours

in Hambantota [48]. Our results indicate that the effects of prolonged sunshine may be over-

whelming leptospires’ auto-repair capability against ultraviolet radiation in Hambantota. High

evaporation rates and soil temperatures associated with prolonged sunshine also may have a

negative effect on LI. The correlation obtained for evaporation rate was as we expected and we

think future researchers may consider including that in similar studies.

4.5 Discussion of correlation between ENSO, IOD and LI

Our result of no clear correlation between both ENSO indices and LI was unexpected. Interac-

tion between the coupled ocean atmosphere phenomena and other atmospheric phenomena

determine local rainfall [19]. The rainfall of Angunakolapelessa, one of the weather stations of

the present study, showed a dual correlation, positive correlation with Nino3.4 SST anomaly

in October-December period and a negative correlation in January-March period inconsis-

tently [19]. However, the rainfall of two other locations in the Hambantota district, namely

Kirama and Ambalantota were not meaningfully modulated by ENSO, but IOD to a lesser

degree affected the rainfall of all three locations according to that study [19]. That agrees with

our results. We saw a rise of LI following both troughs and peaks of DMI, an uncommon cor-

relation pattern. A similar result was shown by a past study from Columbia that studied the

correlation between ENSO and LI using ONI = Oceanic Nino Index [49]. Seventeen munici-

palities had a rise in leptospirosis cases during La Nina periods (troughs of Nino 3.4 and ONI).

Of those, seven also had an increase of leptospirosis during the El Nino (peaks of Nino 3.4)

month as well [49]. The peak of DMI index in January 2011 was followed by the early March

peak of LI in our reconstructed time series in wavelet analysis specifying IOD’s contribution to

the 2011 outbreak. A past study shows DMI peaks enhancing rainfall during the ‘Maha’ agri-

culture season of Sri Lanka [20]. The 2011 floods occurred during the latter part of this season.

There was a trough in both Nino indices in September 2010 (a La Nina) and even though there

was no clear en block correlation pattern with Nino indices and LI, this particular trough was

followed by the early 2011 peak of LI in our reconstructed time series. Another study shows

that the late 2010 La Nina contributed to the 2011 rainfall (and floods) in Hambantota [50].

Hence ENSO may also have contributed to the early 2011 outbreak. The same La Nina was

attributed to floods and subsequent rise of leptospirosis in Columbia as well [49].

4.6 Influence of wild animals on LI in Hambantota and Sri Lanka

A study from Sarawak, Malaysia shows that people with frequent contact with wild animals

show higher seropositivity for leptospirosis [1]. The borders of three major national parks

extend to Hambantota and wild animals frequently come into contact with people and live-

stock, especially during dry seasons. That may have contributed to the high LI of Hambantota.

Sri Lanka is home to 98 terrestrial mammal species and 33 of them are rodents or shrews

[51]. Reptiles and birds can also host leptospires [52]. No information is available about non-

mammal vertebrates’ contribution to leptospires in soil and water in human habitat in Sri

Lanka. We only have a very limited understanding of contribution by a few mammal species

in Sri Lanka [12,38].

4.7 Other information needed to forecast future major outbreaks

Although we detected Leptospirosis incidences correlations with all the weather parameters

studied, in order to forecast future major outbreaks (especially magnitudes of peak incidences)

the inclusion of other parameters like changes of common species/serovars in circulation and
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leptospire concentration changes in environment in outbreak prediction models will be useful

[42]. Some past models based solely on weather parameters were not good enough to predict

all large peaks of LI [45]. Those peaks have public health significance, as our results demon-

strated. The generation of evidence by facilitating the diagnosis of serovars /species of all possi-

ble cases among people and animals at least at important sentinel sites, and serial soil and

water sampling will be helpful to generate the lacking data, but need considerable resources to

implement. Monitoring outbreaks of leptospirosis among people and animals under one

health concept may be helpful to forecast risk of outbreaks among people [53].

4.8 How climate change would influence LI of Hambantota

Droughts and flash floods are associated with ongoing global climate changes and deforesta-

tion. Sri Lanka has experienced these more frequently in the recent past [54]. Hambantota is

the district with highest exposure to climate change in Sri Lanka, according to one analysis

[54]. Flash floods may result in more leptospirosis outbreaks as in 2011 in Hambantota. None-

theless, the rise of the count of days with maximum temperature > 340 C in Hambantota due

to climate change is going to be unfavorable for leptospirosis transmission [54].

4.9 Relevance of our findings to leptospirosis preventive work

The reported LI of Hambantota estimated by us (22.1/100,000) using data from the same source is

far above the national annual reported case incidence of 5.4/100,000 stated by Sri Lanka Ministry of

Health [3]. Nevertheless, notified cases are a fraction of the true incidence rate and incidence of Sri

Lanka was reported to be among the highest in the world [9]. Therefore, more attention should be

given to augment existing preventive work in Hambantota, especially when the weather is conducive

for leptospirosis transmission and when people engage in high risk activities like rice planting.

According to a systematic review article, chemoprophylaxis with doxycycline for high risk popula-

tions can effectively prevent leptospirosis incidence among them with minimal adverse effects and is

recommended by the Health Ministry of Sri Lanka as well [3,55]. A study conducted in the nearby

Galle district illustrated that less than one third of the farmers surveyed knew the correct recommen-

dations and used doxycycline chemoprophylaxis [56]. We recommend the vigorous promotion of

the use of prophylactic doxycycline among vulnerable people such as rice cultivators using mass

media, especially when the weather is conducive for leptospirosis transmission (i.e;October–January

in ‘Maha’ season) and during heavy rains. Such methods can be adopted for leptospirosis preventive

work in other parts of Sri Lanka and elsewhere as well, with some local modifications. Homoeopro-

phylaxis with an oral vaccine proved to be effective in controlling leptospirosis, especially the peak

incidence following heavy rain in another tropical island nation Cuba, but did not gain wide accep-

tance [57]. The availability of an effective oral vaccine giving rise to a long lasting immunity will be

useful to blunt outbreaks like the 2011 outbreak and thus will be useful to susceptible people world-

wide. It is very important because leptospirosis is estimated to result in more deaths than other hem-

orrhagic fevers and a large fraction of those affected are in the prime age of their working life [5].

Hence this deserves the attention of the preventive health community. The use of personal protec-

tion such as gloves and boots are considered as an alien practice by most Sri Lankan farm and other

manual workers, especially by the poor in rural areas like Hambantota, to the best knowledge of the

authors. During the ongoing COVID-19 pandemic (2020) local authorities managed to promote

wearing face masks in public, another practice alien to local culture, by the combination of energetic

and sustained mass education and enforcement campaigns to become a norm. COVID-19 phobia

created by the news media also helped. That indicates that similar methods have the potential to be

used for promoting personal protection against leptospirosis as well.
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4.10 Limitations of the present study

The net sum of contributions of meteorological factors and independent variables, such as

herd immunity and the socio-economic status of the population, fluctuations of abundance of

infected natural hosts (especially rodents) in the area, pattern of land use, garbage disposal

methods, the percentage of the population engaged in high risk activities occupationally and

for leisure, the population’s practices regarding personal protection against leptospirosis, the

introduction of new species/serovars of pathogen into the population, the percentage of popu-

lation with symptoms who seek hospital care and get reported and outbreaks among animals

of the area and efficacy of preventive programs contribute to the leptospirosis incidence of an

area [1–4,6,8,13,27]. In this present study we considered details of only the meteorological fac-

tors. Nevertheless, many of those non-meteorological factors are indirectly modulated by the

weather and some of them do not change considerably on a weekly/monthly basis.

Notified cases here are hospitalized in-patients. To the best knowledge of authors, some hospi-

talized cases are not notified. As the majority of the cases are not serologically/PCR test confirmed,

there may be some misdiagnosed cases entered into the data as well [6]. Nevertheless, notified

cases are the best practical option for a long-term retrospective study in Sri Lanka.

5. Conclusions

LI of Hambantota is well above national incidence. All seven weather parameters studied and

the index of IOD (DMI) were correlated to LI of Hambantota. Favorable weather contributed

to the 2011 leptospirosis outbreak. This may be the first long-term study demonstrating the

soil temperature, evaporation rate and IOD are correlated with LI. When studying the correla-

tion between weather and LI, giving attention to relevant non-weather factors also helps to get

a better understanding. The correlation pattern of LI with temperature parameters differs

from many similar studies in the past and the reason may be that the temperatures in Ham-

bantota are often above the optimum temperature range for leptospires’ survival. We recom-

mend enhancing leptospirosis control programs in Hambantota.
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