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ABSTRACT

Leptospirosis, a neglected zoonotic disease caused by Leptospira spirochetes, poses a significant health burden,
particularly in the tropical climate of most states of India. This study examines the occurrence and epidemiological
distribution of leptospirosis in the eastern region of Northern India, specifically Eastern Uttar Pradesh. Out of the
total 2430 suspected cases, 550 samples (22.6%) tested positive using the Leptospira-specific [gM ELISA.

Demographic analysis revealed a similar distribution of leptospirosis cases between males (49.4%) and females
(50.5%), with age-specific prevalence in the 11-20 years age group among males and 21-40 years in females.
Seasonal trends revealed a peak for males in October and for females in November. The highest infection rates
occurred in the 11-30 age group, due to more outdoor exposure. Housewives, farmers, and students had high
positivity rates, highlighting both domestic and agricultural risk factors. A strong correlation with the monsoon and
post-monsoon seasons indicates the need for targeted surveillance and prevention strategies. Epidemiologically,
cases were distributed across 16 districts, with the highest positivity reported in Deoria (33.3%), Prayagraj (31.2%),
and Azamgarh (23.6%). It is intriguing to note that in Varanasi city, the subjects with the highest prevalence of
leptospira antibodies were residing along the bank of the River Ganga.

This study highlights the endemic nature of leptospirosis in eastern UP and calls for enhanced suspicion index,
diagnostic facilities, and preventive strategies in this region of a subtropical climate.

Keywords implications. One notable consequence is the rise in zoonotic
Endemic diseases, Epidemiology, Leptospirosis, Seroprevalence, diseases, particularly leptospirosis—a bacterial infection caused
Tropical diseases, Zoonotic disease. by pathogenic spirochetes of the genus Leptospira [1]. The disease

has an incubation period ranging from 2 to 20 days [2]. The disease
Introduction presents a wide clinical spectrum, ranging from asymptomatic

India’s diverse agro-ecosystems support the livelihoods of or mild febrile illness to severe, life-threatening infections
billions, yet these regions are increasingly vulnerable to involving organ failure. Up to 30% of cases may also lead to long-
environmental disturbances that carry significant public health term health complications [6]. The World Health Organization
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(WHO) estimates the global incidence of human leptospirosis at
approximately 5 cases per 100,000 people annually in endemic
areas, rising to 14 per 100,000 during outbreaks [3]. However,
more recent estimates indicate a significantly higher global burden
of leptospirosis, with approximately 1 million cases and 60,000
deaths each year [4]. Notably, 13% of all reported outbreaks
originate from South Asia, positioning leptospirosis as one of the
leading zoonotic causes of morbidity and mortality worldwide [5].

The prevalence and transmission dynamics of leptospirosis are
closely associated with geographic and climatic factors, with
over 75% of cases occurring in tropical regions worldwide [4,7].
The disease thrives in the areas characterized by high humidity,
heavy rainfall, frequent flooding, and inadequate sanitation—all
of which are prominent in many parts of India, especially during
the monsoon season [8]. These reservoirs are often contaminated
with the urine of infected animals, particularly rodents, which act
as primary carriers, as well as domestic animals such as cattle,
pigs, and dogs [2,9]. Humans, typically incidental hosts, acquire
the infection either through direct contact with infected animals
or indirectly through exposure to contaminated water or soil, with
numerous outbreaks documented following floods, storms, and
heavy rainfall events [10,11].

This environmental mode of transmission makes leptospirosis
a significant occupational hazard for people who work closely
with animals or water- and soil-based systems—such as livestock
handlers, veterinarians, sewage and waste workers, construction
workers, military personnel, aquaculture workers, and farmers
[6]. It is also an emerging risk for outdoor recreationalists,
including swimmers, kayakers, and fishermen [12]. Moreover,
the disease disproportionately affects low-income communities,
where poor sanitation infrastructure and limited access to safe
drinking water amplify the risk of exposure. Numerous studies
have documented significantly higher transmission rates of
leptospirosis in socioeconomically disadvantaged populations
[13,14]. The majority of the data available in India is from coastal
areas with a typical tropical climate that remains almost uniform
throughout the year. Contrary to this, the climate in the eastern part
of Northern India has a humid subtropical climate, characterized
by hot, humid summers and cool, dry winters. There is limited data
on leptospirosis from this region, as despite the life-threatening
nature of Leptospira infections, they often remain undiagnosed or
misdiagnosed due to their non-specific symptoms and low suspicion
index among clinicians, who may mistake them for diseases such
as dengue, hepatitis, and meningitis. Given the strong correlation
between climatic factors and disease transmission, timely clinical
suspicion prompting for early diagnosis, and prompt initiation of
treatment are crucial for avoiding mortality and curbing outbreaks
and its endemicity.

Materials and Methods
Study Period and Location

This study was conducted from January to December of the year
2024 at the Viral Research and Diagnostic Laboratory (VRDL),
Institute of Medical Sciences (IMS), Banaras Hindu University

(BHU), Varanasi, India.

Study Population

A cross-sectional study design was employed, involving 2,430
patients presenting at Sir Sunder Lal Hospital, BHU, with febrile
illness lasting three or more days and clinical suspicion of
leptospirosis. Inclusion criteria comprised patients with symptoms
such as severe myalgia, jaundice, haemorrhagic manifestations, or
aseptic meningitis, including signs like neck rigidity, seizures, or
altered mental status. Detailed clinical histories were recorded for
all participants. Blood samples were collected and processed at
VRDL, IMS, BHU. Serum samples were screened for leptospiral
IgM antibodies using ELISA. The total count of acute febrile
illness (AFI) cases was retrieved from the laboratory’s electronic
database.

Enzyme-Linked Immunosorbent Assay (ELISA)

Detection of IgM antibodies against Lepfospira was carried out
using a commercial ELISA kit (Lepto IlgM MICROLISA, J. Mitra
& Co. Pvt. Ltd, India) according to the manufacturer’s standard
operating procedure. This qualitative in vitro diagnostic assay is
designed to detect Leptospira-specific [gM antibodies in human
serum or plasma.

Molecular confirmation by using Leptospira-specific 16S rRNA
gene sequences

Isolation of Leptospira DNA from blood samples and its
quantification using Qubit fluorometer

A few representative samples (n = 22) were selected for
DNA isolation using the QiAamp DNA Mini Kit, as per the
manufacturer's instructions. All the DNA samples were quantified
for the DNA quantity using QUBIT and the results are presented
in terms of nanogram/millilitre (ng/mL). All the samples reported
with a high quantity of DNA range from 400-1200 ng/mL.

To confirm ELISA findings, molecular testing was performed
on selected ELISA-positive cases. DNA was extracted from
EDTA-anticoagulated blood samples and quantified using a Qubit
fluorometer, with DNA concentrations ranging from 400 to 1200
ng/mL. Amplification of the Leptospira-specific 16S rRNA gene
(with primers Forward-A 5'-GGCGGCGCGTCTTAAACATG-3',
Reverse-B 5'-TTCCCCCCATTGAGCAAGATT-3" and Nested
PCR Forward-A 5-TGCAAGTCAAGCGGAGTAGC-3' and
Reverse-B 5'-TTCTTAACTGCTGCCTCCCG-3") was performed
using conventional nested polymerase chain reaction (PCR) with
modifications, utilizing the BIO-RAD C1000 Touch™ thermal
cycler.

Data analysis:

Statistical analyses were performed using SPSS 25 (trial version)
and GraphPad Prism 8.0.2. Associations between categorical
variables were assessed using Pearson chi-square, likelihood
ratio, and linear-by-linear association tests (p<0.05 considered
significant). Tukey’s multiple comparisons test was used for post-
hoc analysis following ANOVA. All p-values were two-tailed, with
significance defined as p<0.05. Data visualization was performed
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in Microsoft Excel, using bar charts. Appropriate statistical tests
verified the validity by checking expected cell counts. Results are
presented as percentages (%). Geospatial micro-mapping of the
positive cases was performed using the Google Maps application
to visualize their distribution.

Results

Molecular characterization and confirmation of Leptospira
using conventional PCR followed by gel electrophoresis

For molecular testing, all the extracted DNA samples were
amplified using conventional PCR for both the primary and
nested cycles. Eight out of 22 (36.4%) were found positive for
Leptospira spp. On gel electrophoresis after nested PCR, the DNA
bands found were approximately 300 bp amplicons (Figure 1). The
majority of PCR-positive cases had a fever of <5 days' duration,
which signifies the leptospiremia phase of illness.
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Figure 1: Gel electrophoresis of amplified Leptospira DNA after nested
Polymerase Chain Reaction (PCR).

Age and Gender-wise distribution of Leptospirosis cases in
Eastern Uttar Pradesh

All cases were analyzed using the case report forms received in
the laboratory. Of the 550 ELISA-positive leptospirosis cases, 272
(49.4%) were males and 278 (50.5%) were females (Figure 2A).
Figure 2B depicts that in terms of age distribution, the highest
numbers of positive cases were observed in the 11-20 (24.5%) and
21-30(23.6%) age groups, with a gradual decline in cases on either
side of these ranges. The lowest numbers of cases were recorded
in the age groups 71-80 years (1.1%), 81-90 years (0.5%), and
91-100 years (0.2%). Figure 3 depicts the gender-wise distribution
of Leptospira-positive cases across defined age groups.
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Figure 2: Leptospirosis positivity distribution A: Gender-wise distribution,
B Age-wise distribution.

Seasonal distribution of leptospirosis cases in Eastern Uttar
Pradesh

The analysis indicated that positive cases peaked during the fall and
post-monsoon seasons. September (21.6%) and October (20.4%)

recorded the highest positive rates (Table 1). Figure 4 depicts the
gender-wise seasonal distribution of positive cases.

Table 1: Total number of AFI suspected cases tested from January 2024
to December 2024 at the Viral Research and Diagnostic Laboratory
(VRDL), Institute of Medical Sciences (IMS), Banaras Hindu University

(BHU), Varanasi, India.

Total No of | IgM Positive | Absolute

Cases Tested Cases Positivity
Total AFI Cases 4170
Scrub Typhus 2482 460 18.53
Leptospira 2430 550 22.63
Dengue 1248 273 21.87
Chikungunya 621 298 47.98
Japanese Encephalitis | 67 2 2.98
Influenza A 525 45 8.57
Influenza B 525 15 2.85
Pandemic 09 525 35 6.66
Covid-19 898 18 2.00
CMV 154 71 46.10

Age group, gender, and leptospirosis

ns p=0.002°
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Figure 3: Age and Gender wise distribution of leptospirosis cases. The
statistically significant difference among males and females were reported
in the age group 11-20 Y (p=0.002) 21-30Y (p=0.001) and 31-40Y
(»=0.004).

Seasonal distribution of incidence of leptospirosis in Eastern Uttar Pradesh
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Figure 4: Gender-wise Seasonal distribution of incidence of leptospirosis
in Eastern Uttar Pradesh. The statistically significant difference among
males and females were reported in the month of October (p=0.037) and

November (p=0.007).

Epidemiological distribution of leptospirosis cases in Eastern
Uttar Pradesh

There have been reports of suspected leptospirosis cases from
some UP districts. The majority of these were found to be positive
in 16 districts in Eastern Uttar Pradesh (Figure 5). Table 2 clearly
shows that Ambedkar Nagar reports the highest percentage of
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leptospira-positive cases, but the sample size was very small.
The highest percentage of individuals who tested positive was
Deoria, which received 8 out of 24 cases (33.3%), followed by
Prayagraj (31.2%), Azamgarh (23.6%), Balia (23.1%), Varanasi
(22.71%). Basti and Kushinagar have no incidence of leptospirosis
due to the very small sample size. The data also shows that the
leptospira cases are evenly distributed in eastern Uttar Pradesh.
As the highest number of suspected leptospira cases was received
from the Varanasi district, we did micro mapping of leptospira-
positive results, which are depicted in figure 6. Micro-mapping
of leptospirosis in the Varanasi district revealed that most positive
cases originate from the banks of the River Ganga.

FATY

-

Figure 6: Micro-mapping presentation of leptospira-positive cases
received from Varanasi district on the map of Uttar Pradesh, India.

Table 3: Epidemiological distribution of Leptospirosis cases in different
districts of Eastern Uttar Pradesh, India.

Area Positive Negative Total p-value
T * * * * ’ : ] Ambedkar Nagar | 1 (50.0%) 1 (50.0%) 2
g Azamgarh 29 (23.6%) |94 (76.4%) |123
z Balia 46 (23.1%) 153 (76.9%) 199
& Basti 0 (0.0%) 3(100.0%) |3
£ Chanduali 43 (21.0%) | 162 (79%) 205
= Deoria 8 (33.3%) 16 (66.6%) |24
£ Ghazipur 62 (21.4%) |228(78.6%) | 290
B Jaunpur 43 (21.2%) | 160 (78.8%) |203
: Kuhsinagar 0 (0.0%) 4(100.0%) |4 0.988
B} Mau 20 (23.0%) | 67 (77%) 87
: Mirzapur 37(26.4%) | 103 (73.6%) | 140
. Prayagraj 5(333%) | 10(66.7%) |15
s Bhadohi 14(192%) |59 (80.8%) |73
Sonbhadra 24(23.3%) | 79(76.7%)  |103
Figure 5: Pictorial representation of suspected leptospirosis cases from | gyjtanpur 2(25.0%) 6 (75.0%) 8
Eastern Uttar Pradesh on the state map of Uttar Pradesh, India. Varanasi 216 (22.7%) |735(77.3%) |951
Total 550 (22.6%) | 1880 (77.3%) ?130?, /0())
Table 2: Seasonal distribution of leptospirosis cases.
Months E(:)sli;i:e zf)%:tive Total p- Discuss.ion. - I -
%) %) Count |value Leptoquosm is a s1gn1ﬁcagt yet under-reported public hea.llth
Comt |35 237 272 concern in Indlg and is classified as one of Fhe neglect'ed tropical
January- March % within diseases. The disease demand§ urgent attention due to its reported
quarter 12.9% |87.1% |100.0% case fatah.ty rate (CFR), whlch ranges from 7.7% to over 25%
Comnt 175 339 214 across various §tates of India [15]. The preSf:nt study, one of 'Fhe
April- June % within 181% ls1o% |100.0% few copducted m'Efistern Uttar Pradesh, p1T0V1d'es a cpmprehenswe
quarter : : : analysis of the clinical, molecular, and epidemiological aspects of
Count  |232 630 362 leptospirosis in this region.
July- September " 0.000
(Monsson) quarter 26.9% |73.1% |100.0% Out of 4,170 individuals presenting with acute febrile illness
Count |208 674 882 (AFI), 2,430 were identified as suspected cases and subjected to
October- December r “ - - leptospirosis testing. A total of 550 individuals (22.3%) tested
(Post-Monsoon) | 2 WIthiN o3 ol 76.4% | 100.0% PLosp g A tota
quarter positive for leptospirosis using the IgM ELISA method based on
Count | 550 1880 2430 early humoral immune response. This detection rate is notably
Total % within |, 26% |774%  1100.0% higher than the previous study's 7% positivity rate for Utta}rlPradesh,
quarter nearly two decades ago [16]. However, the present positivity rate

Occupational Distribution of Leptospirosis Positivity

The highest leptospirosis positivity rate was observed among
housewives (44%), followed by farmers and students (both at
42%), and businessmen (40%), with no statistically significant
difference in positivity rates between these occupational groups
(Table 3).

aligns closely with recent studies showing a 26.6% positivity rate
[17], which was conducted in central Uttar Pradesh, with a similar
subtropical climate to Eastern Uttar Pradesh. Contrary to this, there
is a very wide range in positivity rate from 0.9% to 64.7% [18].
This range reflects the extreme variations in climatic conditions
in India, as it represents a subcontinent rather than a single small
country. Leptospirosis was found to be geographically widespread
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across Eastern Uttar Pradesh, with confirmed cases reported from
16 districts in the region. While leptospirosis positivity rates varied
across districts in Eastern Uttar Pradesh, with notably higher
values in Deoria (33.3%), Prayagraj (33.3%), Azamgarh (23.6%),
and Ballia (23.1%), statistical analysis indicated that these
differences were insignificant (p = 0.9). This apparent variation in
proportions could be due to random sample size rather than true
geographic disparities in disease burden. We did not consider the
scenario in Ambedkar Nagar, where the positivity rate appeared
to be the highest, but the sample size was too small. In Varanasi,
the district reporting the highest number of suspected leptospirosis
cases and thus positivity rate, micro-mapping revealed a spatial
cluster of confirmed cases near the bank of the River Ganga. This
spatial distribution suggests a potential association between local
transmission and environmental risk factors, including proximity
to contaminated water bodies such as the Assi Nala drainage
stream and stagnant ponds, combined with high population density
and suboptimal sanitation infrastructure. Furthermore, it has been
observed that the riverbank area is heavily infested with rodents.
The strategy to tackle the rodent problem, if linked to the high
positivity rate, must be further developed in the future.

Additionally, earlier underreporting and underdiagnosis of such
an alarmingly high positivity rate (22.2%), largely stemming
from limited awareness of leptospirosis and inadequate laboratory
diagnostic infrastructure, may have contributed to previously
underestimated prevalence figures [15].

Although northern India generally receives less annual rainfall
(100 cm) than the southern and coastal regions (average 1000
to 3000 cm), during the monsoon season (July—October),
it often experiences episodic flooding. The predominantly
agrarian communities in this region frequently engage in high-
risk behaviours, including paddy cropping, handling livestock,
working barefoot in waterlogged fields, and being exposed to
other contaminated water bodies that are conducive to Leptospira
transmission [19].

Demographic analysis revealed no significant gender-based
difference in overall susceptibility to the disease. This contrasts
with earlier studies that reported a higher prevalence among
males, likely due to gender-specific occupational or environmental
exposure patterns [21-23]. It means the entire population of
eastern Uttar Pradesh is exposed equally to Leptospirosis
infection, irrespective of gender and occupation. However, the
11-20 years age group of males might be more engaged in outdoor
activities, resulting in significantly higher positivity. The higher
positivity in females of the 21-40 age group indicates that the
source of infection is not limited to outdoor activities. It might be
contaminated drinking water due to a faulty water supply system.
This speculation is further supported by the observation that
occupation does not affect the positivity rates [25].

Seasonal analysis revealed a strong correlation between
leptospirosis incidence and climatic patterns, with a statistically
significant variation in monthly prevalence (p < 0.001) (Table 4).
The highest number of cases occurred during the monsoon (26.9%)

and post-monsoon (23.6%) seasons. This pattern is consistent
with the well-documented association between leptospirosis and
environmental conditions such as heavy rainfall, flooding, and
waterlogging, which facilitate the persistence and dissemination
of Leptospira spp. in contaminated water and soil [18,26]. The
observed post-monsoon surge underscores the critical need for
intensified surveillance, timely diagnosis, and strengthened public
health interventions during and following the monsoon period to
mitigate the risk of outbreaks.

Occupation | Lepto Positive Nt;;):;e Total p-value
Business 18 (40%) 27 (60%) 45 (100%)

Farmer 28 (41.79%) 39 (58.21%) 67 (100%)

Unknown |55 (50%) 55 (50%) 110 (100%) 0.698
Housewife |49 (44.14%) 62 (55.86%) 111 (100%)

Student 66 (42.31%) 90 (57.69%) 156 (100%)

Total 216 273 489

As far as diagnostic modalities are concerned, I[gM ELISA, a
widely used serological method, effectively identifies early-phase
leptospirosis but may be limited during the initial leptospiremic
phase due to a delayed antibody response [20]. To overcome this,
conventional nested PCR was performed on 22 ELISA-positive
samples, detecting Leptospira DNA in 8 cases (36.4%), indicating
active infection. Most PCR-positive patients had fever for five
days or less, highlighting the utility of combining molecular
and serological tests for accurate early diagnosis as well as
confirmation.

This study highlights the endemicity of leptospirosis in Eastern
Uttar Pradesh and emphasizes the importance of integrating
both serological and molecular diagnostic approaches for
accurate detection and surveillance. The findings demonstrate the
significant influence of environmental, seasonal, occupational,
and demographic factors on disease prevalence—particularly in
flood-prone and river-adjacent areas—underscoring the complex
epidemiological profile of the disease. Given its nonspecific
presentation, leptospirosis should be considered a differential
diagnosis in cases of acute febrile illness (AFI) within endemic
regions.

Mitigating the burden of leptospirosis requires a comprehensive
approach encompassing enhanced surveillance, public awareness,
early diagnosis, timely treatment, and improved sanitation. State
governments can implement targeted interventions in alignment
with national initiatives, such as the “Prevention and Control of
Leptospirosis” scheme. In 2019, the National Centre for Disease
Control (NCDC) issued an advisory and preparedness checklist to
support outbreak management in affected districts [18].
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