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A B S T R A C T

Hospital-based surveillance of zoonotic diseases was carried out at a tertiary care hospital located in semi-arid
zone in Central India. Here, we report descriptive epidemiology and climatic determinants of leptospirosis. All
patients presenting with fever of 5 days and more were included in the study. We interviewed the subject to
obtain data on socio-demographics. Blood samples were collected and IgM ELISA was carried out to diagnose
leptospirosis. Microscopic agglutination test was performed at National Leptospirosis Reference Centre, Port
Blair. Data on climatic conditions was obtained from Indian Meteorology Department and National Centre for
Environmental Prediction. Time-series Poisson Regression analysis was carried out to study the climatic de-
terminants. We found 12.7% of the study subjects positive for leptospirosis by IgM ELISA. Positivity was max-
imum (17.1%) in 41–60 years of age, more females were affected than males (14% vs 11.5%). Farm workers
were affected more (17.2%) than non-farm workers performing service, business, household work etc. (10.9%).
Positivity was more in monsoon as compared to other seasons. We found a single large hot cluster of leptospirosis
in the middle of the district. Relative humidity in the month and rainfall in the previous month was the sig-
nificant determinants of leptospirosis.

1. Introduction

Leptospirosis is a public health problem in areas where poor agri-
cultural and waste disposal practices lead to contact with Leptospira-
contaminated environment. It mimics dengue outbreak because of si-
milarity in clinical presentation, and hence is often overlooked and
underreported1,2. Globally, more than one million cases3 of leptos-
pirosis occur, with more than 10% mortality. It could be the cause of up
to 20% fever cases of unknown origin4. Awareness of the occurrence of
leptospirosis in an area can sensitize the medical practitioners and
public-health system to initiate appropriate control measures. Hospital-
based surveillance is the first step to generate evidence about the ex-
istence of the disease in an area and to understand its epidemiology.

In the present study, hospital-based surveillance of zoonotic disease
in Kasturba Hospital, Sewagram, Wardha District was carried out, to
generate evidence on the endemicity of leptospirosis in central India,
which was otherwise lacking5. We present here descriptive

epidemiology of the disease, along with its climatic determinants.

2. Methodology

2.1. Study setting

A hospital-based surveillance of zoonotic diseases (leptospirosis,
brucellosis, scrub typhus, listeriosis and bovine tuberculosis) was car-
ried out at Kasturba Hospital, Sewagram, situated in the Wardha dis-
trict, during the period from July 2015 to June 2016. It is a tertiary care
center located in central India. The Wardha district lies between 20°18′
and 21°21′ North latitudes and 78°4′ to 79°15′ East longitudes, and has
tropical climate6. During monsoon, it is very humid. Health care in this
district is provided by 28 Primary Health Centres, 8 Rural Hospitals, 3
sub-divisional hospitals, one district hospital and 2 medical college
hospitals7. Here, we are presenting our findings on leptospirosis.
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2.2. Study subjects, recruitment and data collection

Those patients of any age, presenting with fever or history of fever
(> 38 °C) of≥ 5 days, and were negative for other causes, viz, malaria,
dengue and enteric fever, visiting the Kasturba Hospital Sewagram
were recruited for the study, after obtaining written informed consent.

Information on socio-demographic characteristics and illness was
obtained by personal interview, and 5 ml blood sample was collected by
venipuncture in plane bulb for serology. All the specimens were
transported to the Microbiology Department, MGIMS, Sewagram for
further processing. Serum samples were tested immediately using IgM
ELISA and a part of it was sent to National Leptospirosis Reference
Centre, Regional Medical Research Centre, Port Blair, India (RMRC Port
Blair) on ice packs for carrying out Microscopic Agglutination Test
(MAT). Whole blood samples were stored at −70 °C till further use.

Data on climatic variables (rainfall, relative humidity, minimum
and maximum temperature) were obtained from Indian Meteorology
Department and National Centre for Environmental Prediction, NCEP
(www.ncep.noaa.gov). Monthly averages for Wardha district were used
for analysis after appropriate transformations.

2.3. Diagnosis of leptospirosis

Leptospira IgM ELISA kit (Panbio, Republic of Korea) was employed
to detect antibodies specific to leptospira species. The assay was per-
formed as per the manufacturer’s instructions.

MAT for detection of anti-Leptospira antibodies in serum samples
was performed at RMRC, Port Blair as described earlier8,9, using a
battery of 16 reference strains of Leptospira, and a local isolate, re-
presenting 14 serogroups viz., Australis (Ballico), Autumnalis (Bangki-
nang 1), Canicola (Hond Utrecht IV), Grippotyphosa (Moskva V &
CH31), Icterohaemorrhagiae (RGA & the local isolate, AF 61), Pomona
(Pomona), Sejroe (Hardjoprajitno), Hebdomadis (Hebdomadis), Pyr-
ogenes (Salinem), Cynopteri (3522C‘), Javanica (Poi), Bataviae (Swart),
Tarassovi (LT-79) and Djasiman (Djasiman). MAT was performed on
doubling dilutions of serum, starting from an initial dilution of 1 in 20.
Positive samples were titrated up to the end point. (Table 1)

For the presumptive diagnosis following criteria was used- IgM
ELISA positive with compatibility of clinical signs and symptoms10.
MAT results were used to determine the circulating serovars in the area.

2.4. Data analysis

Disease magnitude was expressed in percentage and age, sex, geo-
graphic location and time distribution has also been presented.

Map function of EPI INFO 7.0 was used to plot the geographic

distribution of leptospirosis cases in the district. We used R to carry out
point pattern analysis and kriging. Variance Mean Ratio (VMR) was also
calculated to find out extent of clustering of cases along with quadrant
test. Kernel density analysis was carried out for understanding of
clustering phenomenon. Spatial analysis using SaTScan™ was used to
explore hot clusters of Leptospirosis using discrete Poisson modelling11.
The cases were aggregated with respect to Primary Health Centre areas
and town areas, for the purpose of spatial analysis. Kulldorff spatial
scan statistics was employed to test for the significance in spatial
clustering of Leptospirosis within the hot cluster, as compared to the
areas outside the cluster12. QGIS 2.18.2 was used to plot the SaTScan
output.

Correlation between monthly incidence of Leptospirosis and
monthly mean climatic variables (minimum and maximum tempera-
ture, relative humidity and rainfall) was analysed using Pearson’s cor-
relation coefficient. Highest correlation was used to identify the optimal
lag of the climatic condition. Time-series Poisson regression analysis
was used to quantify the association between climatic condition and
transmission. Number of incident cases of Leptospirosis was assumed to
follow Poisson distribution. Regression model used was as follows:
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Where, Yt was the number of leptospirosis cases in month t, beta are
coefficients of regression equation, while subscripts of climatic vari-
ables are the appropriate months that correlated with the number of
leptospirosis cases.

Ethical approval was obtained from the Institutional Ethics
Committee prior to the study.

3. Results

Out of 1680 subjects with fever over a period of five or more days,
636 (40%) were in the age group of 21–40 years, followed by 374
(22%) in the age group of 41–60 years. Females comprised of 53.6%
and about a quarter were agricultural farm workers. About half (48.9%)
of the fever cases were found to occur during monsoon period. Three-
fourth was from Wardha district and the rest were from the adjoining
districts of Maharashtra and neighbouring states. (Table 2)

We found 213 of 1680 to be positive for IgM ELISA. The prevalence
of leptospirosis in the study subjects was 12.7% based on IgM positivity.
Maximum positivity of 17.1% was in the age group of 41–60 years,
followed by 14.8% in 21–40 years of age group. It was 14% among
females as compared to 11.5% among males. Subjects who worked in
agricultural farms were affected more (17.2%). Positivity in other oc-
cupations (service, business and household workers) was 10.9%.

Table 1
Details of leptospiral serovars used in MAT.

S. No Serogroup Serovar Strain Genomospecies

1 Australis Australis Ballico Leptospira interrogans
2 Autumnalis Bangkinang Bangkinang I Leptospira interrogans
3 Canicola Canicola Hond Uterecht IV Leptospira interrogans
4 Grippotyphosa Grippotyphosa Moskva V Leptospira interrogans
5 Grippotyphosa Grippotyphosa CH 31 Leptospira interrogans
6 Hebdomadis Hebdomadis Hebdomadis Leptospira interrogans
7 Icterohaemorrhagiae Icterohaemorrhagiae RGA Leptospira interrogans
8 Icterohaemorrhagiae Lai Like AF 61 Leptospira interrogans
9 Pomona Pomona Pomona Leptospira interrogans
10 Pyrogenes pyrogenes Salinem Leptospira interrogans
11 Sejroe Hardjo Hardjoprajitno Leptospira interrogans
12 Cynopteri Cynopteri 3522C‘ Leptospira krischneri
13 Javanica Poi Poi Leptospira borgptersenii
14 Bataviae Bataviae Swart Leptospira interrogans
15 Tarassovi Bakeri LT-79 Leptospira santarosai
16 Djasiman Djasiman Djasiman Leptospira interrogans
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Highest positivity of 18% was observed during monsoon season, as
compared to other seasons, where the positivity was almost constant
and ranged from 7.1% to 8.8%.

A total of 200 sera (7 paired) were tested for MAT at Port Blair, and
results were available for 196. Considering MAT titres of ≥1:80 as
positive, a total of 121 (7.2%) patients were considered as suspected for
Leptospirosis. Serovars detected were; Bakeri (69%), Djasiman (18%),
Lai Like (5%), Australis (4%) and Automnalis, Icterohaemorrhagiae,
Pomona and Pyrogenes (one each).

Point pattern analysis of 162 cases from Wardha district was carried
out which showed significant clustering of leptospirosis. The VMR was
3.77. Kriging showed highest clustering in the center of the district.
Kernel density analysis also showed significant clustering of cases.
Spatial scan identified single large cluster of leptospirosis in the center
of the district (20.737906N, 78.707460 E) with a radius of 36.8 Km.
The relative risk of leptospirosis in the hot spot area was 11.67 as
compared to the area outside the hotspot (Log likelihood ratio = 71.47,
p < 0.001). (Fig. 1)

Time-series Poisson regression technique was used to identify the
climatic determinants of leptospirosis. The lag time was identified using
Pearson correlation coefficients and lag time of a variable with highest
correlation coefficient were forced in the model. The highest correla-
tion of the number of leptospirosis cases was found with rainfall during
the preceding month (t-1), relative humidity in the month (t), minimum
and maximum temperature in the preceding 3rdmonth (t-3). (Table 3)
Two risk factors that contributed significantly to the number of lep-
tospirosis cases were relative humidity during the month and rainfall in
the previous month. (Table 3) The model fitted well and the predicted
number of leptospirosis cases matched during different months. (Fig. 2)

4. Discussion

Leptospirosis is a zoonosis with humans as the accidental host.
Almost all mammalian species can harbour leptospires in their kidneys
and act as a source of infection to human beings and other animals.
However, cattle, buffaloes, horses, sheep, goat, pigs, dogs and rodents
are the common reservoirs of leptospires. Rodents were the first re-
cognized carriers of leptospires. They are the only major animal species
that can shed leptospires throughout their lifespan, without clinical

manifestations. They are incriminated as a primary source of infection
to human beings. Pigs and cattle can excrete very large number of
leptospires in the carrier state (i.e., chronic leptospiral colonization of
the renal tubules) and can be an important source for human infection.
Leptospires shed through mammal urine, gain access to human body
through cuts, abrasions or mucous membrane13 and cause infection,
which ultimately result in the disease with fever, within 7 days as the
main symptom14.

In the present study IgM ELISA positivity was considered as pre-
sumptive diagnostic test for Leptospirosis. MAT was attempted in all the
IgM positive cases to determine serovars. A number of studies from
India have demonstrated presence of different serovars in various
geographic locations. A study from North India showed presence of
serovars Pomona, Ballum, Gryppotyphosa, and Autumnalis15. Serovar
Copenhageni has been reported from Mumbai and Coastal areas of
Maharashtra, while serovars Autumnalis and Copenhageni have been
reported from Pune16. Another study from Mumbai has reported Pyr-
ogenes, Icterohemorrhagiae, Bataviae, Pomona, Tarrassovi and Cani-
cola as prevalent leptospira serovars in Mumbai17. A recent multicentric
study from India has reported presence of serovars Australis, Auto-
mnalis, Pyrogenes, Janavica, Tarrasovi, Pomona, Hebdomadis, Inter-
ohaemorrhagiae and Canicola from different locations18. An interesting
feature of the present study was demonstration of serovar Bakeri that
belongs to Serogroup Tarassovi and species L. santarosai, in 69% of
MAT positive cases. A total of 79 subjects who were IgM ELISA positive
were found negative for MAT. This can be explained by the fact that
MAT positivity depends upon types of serovars tested while performing
MAT. Also, no single MAT titre can be regarded as diagnostic of acute or
active infection and sometimes confirmed patients have low MAT titres
10.

In the present study, leptospirosis was observed in 12.7% of cases
with fever of 5 days and more. Cases with at least 5 days duration were
included in the study, as it provides time for the immune system to
produce IgM antibodies that are detectable using IgM ELISA. ICMR Task
Force Study on Leptospirosis disease burden estimation had reported
the magnitude to be 12.74% in 2003. In Central India the disease
burden was 3.27%19. In a hospital based study in Northern India, the
magnitude reported was 11.7% and 20.5% in 2004 and 2008 respec-
tively, which indicates a rising trend of the disease20.

Single large hot cluster of the leptospirosis was observed in the
center of the district. Clustering phenomenon indicates active trans-
mission and higher risk in the population located in the area. Control
measures needs to be initiated in the hot cluster on priority basis. This is
the area where the study hospital is situated and easy acceptability to
the study hospital may have led to this finding. Similar clusters may
also be present in the periphery of the district but as the cases from the
peripheral areas did not reach study hospital, could not be picked up by
this hospital based surveillance. Also, there is no other hospital with
diagnostic facility of leptospirosis in the district. Hence, diagnostic fa-
cilities of leptospirosis in the peripheral health institutions should be
made available. Additionally, it should be made part of health man-
agement information system. This may be started with integrated
community based surveillance of leptospirosis in humans and pet ani-
mals in small geographic area.

The leptospires are shed in animal urine, and in the environment
they survive in water or soil and may form biofilms to stay for long
periods21. The formations of biofilms help the organism to survive in
adverse conditions, even though leptospires are fragile organisms22–24.
When humans come in contact with the environment, contaminated
with leptospires, they enter the host. In the present study, maximum
occurrence of leptospirosis (18%) was observed during monsoon
season, when large amount of water surface and agricultural activities
exist. They were also found in other season but at low level (8%). This
necessitates the health care providers’ to be sensitized and warrants
continuous control activities. These could include, creating awareness,
use of shoes and gloves to avoid contact with contaminated water,

Table 2
Distribution of leptospirosis with respect to demography (July 2015–June 2016).

Variables Leptospirosis Total

Yes No

Overall 213 (12.7) 1467 (87.3) 1680
Age group (years)
Upto 10 5 (2.2) 225 (97.8) 230 (13.7)
11–20 26 (10.0) 234 (90.0) 260 (15.5)
21–40 94 (14.8) 542 (85.2) 636 (39.9)
41–60 64 (17.1) 310 (82.9) 374 (22.4)
> 60 23 (13.1) 153 (86.9) 176 (10.5)

Sex
Male 104 (11.5) 797 (88.5) 779 (46.4)
Female 109 (14.0) 670 (86.0) 901 53.6)

Occupation (N = 1431)
Non-Farm workers 104 (10.9) 851 (89.1) 955 (56.7)
Farm workers 82 (17.2) 394 (82.8) 476 (28.3)

Seasons
Winter (Dec-Feb) 26 (7.4) 324 (92.6) 350 (20.8)
Summer (March-May) 15 (8.8) 156 (91.2) 171 (10.2)
Monsoon (Jun-Sept) 148 (18.0) 674 (82.0) 822 (48.9)
Post-monsoon (Oct-Nov) 24 (7.1) 313 (92.9) 337 (20.1)

Geographic location
Wardha district 162 (12.9) 1090 (87.1) 1252 (74.5)
Adjoining districts and states 42 (9.8) 386 (90.2) 428 (25.5)
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rodent control, prevent draining of urine from cattle sheds directly into
water bodies and chemoprophylaxis in high risk population residing in
hot clusters.

In the present study, highest proportion of leptospirosis was

observed in economically productive age group, agricultural workers
and females. Wardha district is an agrarian district with animal hus-
bandry as the main income generating activity. Women folk in the area
are more involved in taking care of the animals. Hence, they are more
exposed to animal urine and thus have more leptospirosis in the district.
Majority of the studies have reported this disease to be common among
males, while a study from Korea found females to be more affected25.

In Wardha district, relative humidity in the month and rainfall in
the previous month were the significant determinants of leptospirosis
cases in a given month. In another study from Korea it was observed
that 1-mm increase in the average weekly rainfall was associated with
2.0% increase, with a 6 week lag, and a 1% increase in relative hu-
midity was associated with a maximum decrease of 4% at lag 0, and a
significant maximum increase of 4% after an 11-week lag25.

To conclude, leptospirosis was found all through the year in Wardha
district of Maharashtra with an overall positivity of 12.7%, and a peak
of 18% in monsoon. Economically productive age group, agricultural
workers and females were affected more. Significant clustering

Fig. 1. Spatial analysis of leptospirosis in Wardha district: (A) Distribution of leptospirosis cases; (B) Kriging of leptospirosis cases; (C) Kernel Density Analysis of leptospirosis; and (D)
Hot cluster of leptospirosis in Wardha district.

Table 3
Time-series Poisson regression model for prediction of leptospirosis using climatic de-
terminants.

Variable Exp(B) 95% CI of Exp(B) p-value

Intercept 1.561 0.103–23.673 0.748
Month of the year 0.886 0.725–1.082 0.234
Relative humidity in the month (t) 1.029 1.004–1.055 0.025
Rainfall in the previous month (t-1) 1.268 1.035–1.554 0.022
Minimum temperature of preceding

3rdmonth (t-3)
0.971 0.852–1.106 0.655

Maximum temperature of preceding
3rdmonth (t-3)

1.062 0.886–1.273 0.515

Omnibus test p-value<0.001 Chi-square/df = 0.82.
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occurred in the center of the district. Among the climatic determinants,
relative humidity during the month and rainfall during the previous
month were significantly associated with the occurrence of leptos-
pirosis.
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