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Objective: A cluster of leptospirosis and brucellosis cases in a semi-nomadic, pastoral community was reported in October
2023 from Village A, Uttarakhand State, India. This cluster was investigated to describe the epidemiology and potential
exposures.

Methods: Suspected cases were residents with sudden-onset fever or myalgia occurring from 1 August 2023 to 7 January
2024; confirmed cases were suspected cases with laboratory confirmation. Suspected cases were identified through a
house-to-house case search and were interviewed regarding sociodemographic variables, symptoms and exposures. Those
who consented were tested. Data were cleaned and analysed in Microsoft Excel.

Results: Fifty suspected cases were identified among a total of 300 residents across 85 households. Among these, 27
agreed to be tested, and 25 were confirmed (13 with leptospirosis, 7 with brucellosis and 5 with both leptospirosis and
brucellosis). The cases began in September 2023 following flooding and continued until January 2024, with no deaths.
The median age (range) of cases was 30 (17-82) years for leptospirosis, 39 (25-56) years for brucellosis and 39 (22-50)
years for coinfection. Altogether, females accounted for 92% (12/13) of leptospirosis cases, 57% (4/7) of brucellosis cases
and 80% (4/5) of coinfections. Symptoms included fever, myalgia and arthralgia. All cases reported contact with floodwater
and animal abortus.

Discussion: This was a laboratory-confirmed co-occurring cluster of leptospirosis and brucellosis, including five cases of
coinfection, following flooding, predominantly affecting female Van Gujjar dairy farmers. Education was provided to the

community about the hygienic disposal of animal waste.

eptospirosis, a bacterial zoonosis caused by

Leptospira spp., has an estimated global burden

of 2.9 million disability-adjusted life-years (DALYS)
annually; South-East Asia has one of the highest burdens,
with 137 DALYs per 100 000 population.! Brucellosis,
caused by Brucella spp., another bacterial zoonosis,
has an estimated annual incidence of 2 million cases,
with three fourths of the cases in Asia.? Both diseases
present with non-specific symptoms, such as fever,
myalgia, malaise and headache, complicating diagnosis
and treatment.3# Pastoral communities are at risk for
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both these zoonoses because of their close contact with
livestock.>® However, few instances of simultaneous
circulation of these pathogens in livestock and of human
coinfection with both diseases have been reported, and
none have been reported from India.”:8

The Van Guijjars are a forest-dwelling pastoral tribal
community inhabiting the northern Indian Himalayan state
of Uttarakhand. They follow a semi-nomadic lifestyle and
migrate to the alpine regions of the western Himalayas
along with their livestock during warmer months.%1°
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In October 2023, a One Health camp (OHC) was
piloted by the Department of Health in collaboration with
the Department of Animal Husbandry in Uttarakhand.
The OHC was conducted with the objective of screening
high-risk populations for two zoonotic diseases:
leptospirosis and brucellosis. The OHC screened the
population of Village A, Bahadarabad Block, Haridwar
District, Uttarakhand, in October 2023 and identified
cases of leptospirosis and brucellosis within the village
community. A follow-up investigation was carried out
by the State Health Department in December 2023 to
determine whether the cluster of cases identified during
the OHC constituted an outbreak in Village A, to describe
the epidemiology and potential exposures among cases,
and to initiate prevention and control measures.

METHODS

A line list of leptospirosis cases was extracted from
the Integrated Disease Surveillance Programme (IDSP)
unit in Uttarakhand for 2020-2022 to determine the
monthly outbreak threshold (calculated as the mean
number of cases reported in 1 month from 2020 to
2022 + 2 standard deviations from the mean) and
compared with the number of cases reported in 2023 to
determine whether the reported cluster met the threshold
for confirmation of an outbreak. Brucellosis is not a
notifiable disease in the IDSP, so no historical data could
be obtained for comparison with the number of reported
cases in 2023.

Selected cases from the line list were interviewed
using a validated semi-structured questionnaire
(Supplementary Material). Based on the interviews and
the IDSP case definitions of leptospirosis and brucellosis,
definitions of suspected and confirmed cases were
formulated for investigating this cluster, and additional
cases were identified and interviewed.

Case definitions

The definition of a suspected case of leptospirosis or
brucellosis was the sudden onset of fever OR myalgia
occurring from 1 August 2023 to 7 January 2024 in Village
A. We used a broad, combined definition for suspected
cases for both diseases because the initial patients in this
community presented with these broad and non-specific
symptoms. To capture all suspected cases, case-finding in
the community started from 1 August 2023 (8 weeks, or
two incubation periods, before the date of symptom onset
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in the index case, that is, 1 October 2023). In addition,
to ensure that the investigation then went on to capture
confirmed cases, we had a definition of a confirmed case
that was specific for each disease.

The definition of a confirmed case of leptospirosis
was a suspected case who tested positive by
enzyme-linked immunosorbent assay (ELISA) for
immunoglobulin M (IgM) for leptospirosis. The definition
of a confirmed case of brucellosis was a suspected case
who tested positive by ELISA for IgM for brucellosis. The
definition of a confirmed case with coinfection with both
leptospirosis and brucellosis was a suspected case who
tested positive by ELISA for I1gM for both leptospirosis
and brucellosis.

Case-finding strategy

The investigation used both active and passive case-
finding strategies. For active case-finding, an investigation
team comprising an Epidemic Intelligence Service officer
from the National Centre for Disease Control, New Delhi,
the Haridwar district surveillance officer, the medical
officer in charge of the primary health centre and front-
line health-care workers conducted house-to-house case-
finding in Village A from 15 December 2023 to 7 January
2024, based on the case definitions formulated. Identified
cases were interviewed to collect information about their
sociodemographic details, clinical symptoms, health-
care-seeking behaviour and exposure to floodwaters,
cattle, animal abortus and raw animal products.

For passive case-finding, the investigation reviewed
the records of the subcentre located in Village A to check
for fever cases reported from 1 August 2023 to 7 January
2024.

Laboratory investigation

Serum samples from suspected cases who consented to
testing were sent to the district public health laboratory
for ELISA analysis.

Interviews with key stakeholders and field
observation

Key stakeholders in the district human health sector,

including front-line health-care workers and physicians
at government health-care facilities, were interviewed to
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assess awareness of leptospirosis and brucellosis. During
house-to-house case-finding, investigators observed each
house’s surroundings, general sanitation and drinking-
water sources.

Data analysis

Continuous data on age were analysed to determine the
median and range, and categorical data were expressed
as frequencies and proportions using Microsoft Excel
2021. The distribution of cases by week of symptom
onset was plotted on an epidemic curve (Fig. 1).

RESULTS

A total of 18 leptospirosis cases including five coinfected
cases were identified, exceeding the annual number
reported in each of the previous 5 years in Haridwar
district (2018-2021, n = 0; 2022, n = 3). However,
access to testing for leptospirosis at state and district
levels was limited until 2021 (n = 35 tests), increasing in
2022 (n = 121) and 2023 (n = 632), with test positivity
remaining the same (2%; data not shown). Brucellosis
is not a notifiable disease in the IDSP, and this was the
first OHC in the district; hence, no historical data for
brucellosis could be obtained for comparison with the
number of reported cases in 2023.

Descriptive epidemiology

Village A had a population of 300 residents across 85
households. Active case-finding conducted among all
residents identified 50 suspected cases, 27 of whom
consented to testing for leptospirosis and brucellosis by
IgM ELISA; the rest did not consent to testing. Among the
27 cases tested, 25 tested positive (confirmed cases):
13 for leptospirosis, 7 for brucellosis and 5 for both. The
attack rate for leptospirosis including coinfections was
6% (18/300) and for brucellosis including coinfections
was 4% (12/300). There were no deaths.

Among the 13 confirmed cases with only
leptospirosis, the median age was 30 (range: 17-82)
years, and 92% (12/13) were female. The most common
symptoms were fever (92%, 12/13), myalgia (92%,
12/13) and arthralgia (85%, 11/13).

Among the seven confirmed cases with only
brucellosis, the median age was 39 (range: 25-56)
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years, and 57% (4/7) were female. The most common
symptoms were fever (86%, 6/7), myalgia (57%, 4/7)
and arthralgia (43%, 3/7).

Among the five confirmed cases coinfected with
both leptospirosis and brucellosis, the median age was
39 (range: 22-50) years, and 80% (4/5) were female.
The most common symptoms were fever (100%, 5/5),
myalgia (80%, 4/5) and arthralgia (80%, 4/5).

Among the 50 suspected cases, 25 were
laboratory-confirmed, and the remaining 25 were
suspected cases (as they either were not tested or tested
negative). Among these remaining 25 suspected cases,
the median age was 36 (range: 17-70) years, and 80%
(20/25) were female. The most common symptoms
were fever (76%, 19/25), myalgia (60%, 15/25) and
arthralgia (48%, 12/25).

All cases (both suspected and confirmed) occurred
among the Van Gujjars, who have a semi-nomadic
lifestyle and engage in cattle rearing, dairying and
crop farming as their primary occupation. All reported
contact with floodwater, wastewater contaminated
with animal urine, and close contact with cattle and
rodents in the preceding month, and routinely handling
animal abortus or their fluids with bare hands. All cases
reported that they first contacted a private physician
when seeking health care during their illness (Table 1).
The cases started in the first week of September 2023
and continued until the first week of January 2024
(Fig. 1).

Interview with key stakeholders

Six stakeholders were interviewed: one medical officer,
two laboratory technicians, two village-level front-
line health-care workers and one community leader.
Front-line health-care workers had limited awareness of
leptospirosis and brucellosis, and of their transmission
from animals to humans. The physician was aware of the
diseases but did not suspect they were present in the
village.

Field observations

Houses were made of mud-plastered brick walls and
thatched roofs, with cattle sheds attached to them. All
observed households had rodents. General sanitation

WPSAR Vol 17, No 2, 2026 | doi: 10.5365/wpsar.2026.17.2.1327



Leptospirosis and brucellosis cluster in a pastoral community in India, 2023-2024

Khatoon et al

Table 1. Sociodemographic characteristics, symptoms, exposures and laboratory results of suspected and
confirmed cases of leptospirosis, brucellosis and coinfection, Village A, Haridwar, Uttarakhand, India,

2023-2024
Confirmed® (N = 25)
Characteristics S(L;:p:czt;‘;a Leptospirosis Brucellosis Coinfection
(n =13) (n=7) (n = 5)
Median (range) age, years 36 (17-70) 30 (17-82) 39 (25-56) 39 (22-50)
Sex
Female 20 (80) 12 (92) 4(57) 4 (80)
Occupation
Cattle rearing and dairying 25 (100) 13 (100) 7 (100) 5 (100)
Farming 25 (100) 13 (100) 7 (100) 5 (100)
Type of dwelling
Waﬁ:r\:ii'tﬁe!::xerglg”“d'p'aStered 25 (100) 13 (100) 7 (100) 5 (100)
Cattle shed
Attached to house 25 (100) 13 (100) 7 (100) 5 (100)
Educational status
No formal education 7 (28) 6 (46) 3 (43) 2 (40)
Some formal education 18 (72) 7 (54) 4 (57) 3 (60)
First contact with a health facility
seeking care after illness
Private physician 25 (100) 13 (100) 7 (100) 5 (100)
Symptoms
Fever 19 (76) 12 (92) 6 (86) 5 (100)
Myalgia 15 (60) 12 (92) 4(57) 4 (80)
Arthralgia 12 (48) 11 (85) 3(43) 4 (80)
Headache 0 (0) 9 (69) 1(14) 4 (80)
Fatigue 0 (0) 8 (62) 3(43) 2 (40)
Skin rash 0 (0) 0(0) 1(14) 0(0)
Chills 0 (0) 0(0) 5(71) 0 (0)
Exposure factors (during month
before symptom onset)
Contact with floodwater 25 (100) 13 (100) 7 (100) 5 (100)
_ Contact wih wastewater 25 (100) 13 (100) 7 (100) 5 (100)
Close contact with cattle 25 (100) 13 (100) 7 (100) 5 (100)
Rodent sighting within the house 25 (100) 13 (100) 7 (100) 5 (100)
Wa:}irsgzt?;of bathing in a common 0(0) 0(0) 0(0) 0(0)
m”(lionsumption of raw (unboiled) 00) 00 00 0(0)
mezsnsumption of raw, uncooked 0(0) 00 0(0) 0(0)
Handling animal abortus or their 25 (100) 13 (100) 7 (100) 5 (100)

fluids with bare hands
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Confirmed® (N = 25)

Characteristi Suspected® . - - -
ELEEEMEIES (N = 25) Leptospirosis Brucellosis Coinfection
(n = 13) (n=7) (n =5)
Positive laboratory results
Leptospirosis = 13 (100) 0 (0) 5 (100)
Brucellosis - 0(0) 7 (100) 5 (100)

Values are n (%) unless otherwise indicated.

2 Suspected cases were residents of Village A who experienced sudden-onset fever or myalgia from 1 August 2023 to 7 January 2024 and who either declined

testing or tested negative.
b Confirmed cases were suspected cases who tested positive by IgM ELISA.

Fig. 1.

Epidemic curve of suspected® (N = 25) and confirmed cases (N = 25) of leptospirosis,® brucellosis® and

coinfection,? by week of symptom onset, Village A, Haridwar, Uttarakhand, India, 2023-2024
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@ Suspected cases were residents of Village A who experienced sudden-onset fever or myalgia from 1 August 2023 to 7 January 2024 and who either declined

testing or tested negative.
b Suspected cases testing positive for leptospirosis by IgM ELISA.
¢ Suspected cases testing positive for brucellosis by IgM ELISA.

4 Suspected cases testing positive for both brucellosis and leptospirosis by IgM ELISA (coinfection).

of the area was poor, with accumulated wastewater
around the houses seen contaminated with cow dung,
and animal urine seen mixed with the accumulated
wastewater. There was no municipal piped water supply,
and the only source of drinking-water was a hand pump
surrounded by wastewater. The community leader
reported females being primarily engaged in rearing

https://ojs.wpro.who.int/

animals at home, while males travelled to the market
to sell animal products. He also reported that residents
initially sought health care from private physicians due
to their accessibility and operational days (all days of
the week). The community leader reported a history
of pluvial flooding from September to October 2023,
which was confirmed by news reports from the time.
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DISCUSSION

A laboratory-confirmed mixed cluster of leptospirosis
and brucellosis was identified, with simultaneous
transmission of both, including a few cases of coinfection,
in the Van Gujjar community residing in Village A of
Bahadarabad Block, Haridwar District, Uttarakhand.
The onset of cases followed flooding in the area. Fever,
myalgia and arthralgia were the main symptoms. Most
cases were female dairy farmers, mostly young and
middle-aged, who presented with symptoms consistent
with leptospirosis and brucellosis.®* As adequate testing
for leptospirosis only started in 2022, the investigation
did not have enough evidence to determine whether this
cluster of leptospirosis cases in 2023 was an outbreak
or an increase in cases due to enhanced testing efforts.

Across the world, rural pastoral communities,
similar to those in our investigation, are reported to be
at a higher risk for bacterial zoonoses due to their close
contact with animals, inadequate sanitation, poor access
to health care or poor diagnostic capacity in these remote
areas.!™3 This risk is further complicated by the lack
of awareness of these diseases among local health-care
workers, resulting in missed or delayed diagnosis, which
we documented in this investigation. The symptoms seen
in these cases are consistent with those generally reported
in brucellosis and milder cases of leptospirosis. However,
the sex predilection generally reported in leptospirosis
(80% males) is reversed in this investigation, with most
cases occurring in females.!** This might be due to higher
occupational exposure of females compared to males
in this community. Simultaneous transmission of both
diseases in the community indicates a need to screen
multiple zoonotic pathogens in at-risk communities.

The limitations of this investigation included the
increase in testing during the preceding year, which
hindered our understanding of whether this cluster was
a true increase in cases. Additionally, in the absence of
confirmatory testing for all suspected cases, patients
with other febrile ilinesses could potentially have been
misclassified as cases of leptospirosis or brucellosis,
leading to an overestimation of suspected cases.

Public health action and recommendations

Following this investigation, the residents of Village A
were informed by the investigation team of the need

WPSAR Vol 17, No 2, 2026 | doi: 10.5365/wpsar.2026.17.2.1327

Khatoon et al

to drain animal urine away from common sources of
accumulated water, improve general sanitation and
initiate rodent control measures. Confirmed cases were
referred for treatment at the nearest health facility.
The investigation team also requested the waterworks
department to provide a source of piped drinking-water
to Village A. Health-care workers in the area were briefed
on the symptoms of these diseases and on the need to
test suspected cases.

The investigation team recommended that the state
health department alert health-care workers to suspect
leptospirosis in patients presenting with fever following
rainfall and brucellosis among pastoralists.

Acknowledgements

The authors acknowledge the support of officials and
health-care workers of the block, district and state health
departments; the Department of Animal Husbandry,
Uttarakhand; the Joint Director, NCD; the veterinary
consultant at Voluntary Health Services; and mentors from
the India Epidemic Intelligence Service Cell, Epidemiology
Division, National Centre for Disease Control (NCDC), in
conducting this investigation.

Conflicts of interest
The authors have no conflicts of interest to declare.
Ethics statement

This cluster investigation was an observational
investigation carried out with the purpose of identifying
the extent of the cluster/outbreak, identifying exposure
factors and instituting immediate control measures to
prevent morbidity and mortality as part of the public health
response of the Uttarakhand State Health Department
and NCDC. Ethical approval was not applicable, as the
investigation was conducted as part of a public health
response and was consistent with applicable state and
central government law (Epidemic Diseases Act No. 3,
1897). The field response did not involve any human
sample collection for research purposes or intervention.
Strict data protection protocols reviewed by NCDC, the
ethical principles and guidelines of the Government of
India, and the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards were
followed during the public health response.

https://ojs.wpro.who.int/



Khatoon et al

Funding

None.

1.

References

Torgerson PR, Hagan JE, Costa F, Calcagno J, Kane M,
Martinez-Silveira MS, et al. Global burden of leptospirosis:
estimated in terms of disability adjusted life years. PLoS Negl Trop
Dis. 2015;9(10):e0004122. doi:10.1371/journal.pntd.0004122
pmid:26431366

Laine CG, Johnson VE, Scott HM, Arenas-Gamboa AM.
Global estimate of human brucellosis incidence. Emerg Infect
Dis. 2023;29(9):1789-97. doi:10.3201/eid2909.230052
pmid:37610167

RajapakseS. Leptospirosis:clinicalaspects.ClinMed.2022;22(1):14-7.
doi:10.7861/clinmed.2021-0784 pmid:35078790

Hayoun M, Muco E, Shorman M. Brucellosis [website]. Treasure
Island (FL): StatPearls Publishing; 2024. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK441831/, accessed 25
December 2025.

Oludele J, Alho P, Chongo I, Maholela P, Magaia V, Muianga A,
et al. Emerging zoonotic diseases among pastoral communities of
Caia and Buzi districts, Sofala, Mozambique: evidence of antibodies
against brucella, leptospira, rickettsia, and Crimean-Congo
hemorrhagic fever virus. Viruses. 2023;15(12):2379. doi:10.3390/
v15122379 pmid:38140620

Asiimwe BB, Kansiime C, Rwego IB. Risk factors for human
brucellosis in agro-pastoralist communities of south western
Uganda: a case-control study. BMC Res Notes. 2015;8(1):405.
doi:10.1186/s13104-015-1361-z pmid:26337599

https://ojs.wpro.who.int/

10.

11.

12.

13.

Leptospirosis and brucellosis cluster in a pastoral community in India, 2023-2024

Manyenya S, Nthiwa D, Lutta HO, Muturi M, Nyamota R,
Mwatondo A, et al. Multiple pathogens co-exposure and associated
risk factors among cattle reared in a wildlife-livestock interface
area in Kenya. Front Vet Sci. 2024;11:1415423. doi:10.3389/
fvets.2024.1415423 pmid:39119353

Khurtsilava |, Tsirdava N, Kanjaradze D, Parulava T. Case report
of pediatric triple infection: brucellosis, leptospirosis, and infective
mononucleosis in Georgia. IP Int J Med Microbiol Trop Dis.
2024;9(4):282-4. doi:10.18231/j.ijmmtd.2023.052

Benanav M. Himalaya bound: an American’s journey with nomads in north
India. Gurugram (Haryana): HarperCollins Publishers India; 2015.

Pal S. Nomads of the Himalayas: a fascinating glimpse into the
rarely-seen forest world of the Van Guijjars [website]l. Bangalore
(Karnataka): The Better India; 2016. Available from: https:/
thebetterindia.com/67099/van-gujjars-himalayas-tribe-buffaloes/,
accessed 7 August 2024.

Tschopp R, GebreGiorgis A, Abdulkadir O, Molla W, Hamid M,
Tassachew Y, et al. Risk factors for brucellosis and knowledge-
attitude practice among pastoralists in Afar and Somali regions
of Ethiopia. Prev Vet Med. 2022;199:105557. doi:10.1016/].
prevetmed.2021.105557 pmid:34902652

Oketch DCO, Njoroge R, Ngage TO, Omar AA, Magarre A, Pasha R,
et al. Cultural and behavioral drivers of zoonotic disease transmission
and persistence among diverse pastoralist communities in East
Africa. One Health Outlook. 2025;7(1):36. doi:10.1186/s42522-
025-00153-9 pmid:40660371

Worsley-Tonks KEL, Bender JB, Deem SL, Ferguson AW, Févre EM,
Martins DJ, et al. Strengthening global health security by improving
disease surveillance in remote rural areas of low-income and middle-
income countries. Lancet Glob Health. 2022;10(4):e579-84.
doi:10.1016/S2214-109X(22)00031-6 pmid:35303467

14. Cataldo C, Bellenghi M, Masella R, Busani L. One Health and

sex and gender-related perspective in the ecosystem: Interactions
among drivers involved in the risk of leptospirosis in Europe. A
scoping review. One Health. 2024;19:100841. doi:10.1016/].
onehlt.2024.100841 pmid:39026545

WPSAR Vol 17, No 2, 2026 | doi: 10.5365/wpsar.2026.17.2.1327


http://dx.doi.org/10.1371/journal.pntd.0004122
http://www.ncbi.nlm.nih.gov/pubmed/26431366
http://dx.doi.org/10.3201/eid2909.230052
http://www.ncbi.nlm.nih.gov/pubmed/37610167
http://dx.doi.org/10.7861/clinmed.2021-0784
http://www.ncbi.nlm.nih.gov/pubmed/35078790
http://dx.doi.org/10.3390/v15122379
http://dx.doi.org/10.3390/v15122379
http://www.ncbi.nlm.nih.gov/pubmed/38140620
http://dx.doi.org/10.1186/s13104-015-1361-z
http://www.ncbi.nlm.nih.gov/pubmed/26337599
http://dx.doi.org/10.3389/fvets.2024.1415423
http://dx.doi.org/10.3389/fvets.2024.1415423
http://www.ncbi.nlm.nih.gov/pubmed/39119353
http://dx.doi.org/10.18231/j.ijmmtd.2023.052
http://dx.doi.org/10.1016/j.prevetmed.2021.105557
http://dx.doi.org/10.1016/j.prevetmed.2021.105557
http://www.ncbi.nlm.nih.gov/pubmed/34902652
http://dx.doi.org/10.1186/s42522-025-00153-9
http://dx.doi.org/10.1186/s42522-025-00153-9
http://www.ncbi.nlm.nih.gov/pubmed/40660371
http://dx.doi.org/10.1016/S2214-109X(22)00031-6
http://www.ncbi.nlm.nih.gov/pubmed/35303467
http://dx.doi.org/10.1016/j.onehlt.2024.100841
http://dx.doi.org/10.1016/j.onehlt.2024.100841
http://www.ncbi.nlm.nih.gov/pubmed/39026545

