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Abstract
An outbreak of acute gastrointestinal illness occurred among personnel in an army camp in West 
Sikkim, India, between 27 June and 4 July 2023. The investigation aimed to determine the extent 
of the outbreak, identify the causative organism and source of infection, and implement effective 
control measures. A case was defined as any individual residing or working in the camp who, during 
the outbreak period, experienced ≥3 loose stools within 24 h, accompanied by abdominal pain or 
vomiting. Clinical samples including stool and rectal swabs, along with food and water samples, were 
collected and tested using conventional bacteriological culture methods and by multiplex PCR. Data 
were organized in Microsoft Excel to prepare a line list and epidemic curve was plotted by date and 
time of onset acute gastroenteritis (AGE) along with calculation of age specific attack rates. A total of 
30 army personnel living in an army camp suffered from AGE with an attack rate of 13.5%. The mean 
age of case patients was 35.7 years (standard deviation ±6.85). Culture results revealed the presence 
of multiple bacteria including Escherichia coli and Klebsiella spp. The presence of Shiga toxin-producing 
E. coli (STEC) was confirmed by multiplex PCR in rectal swab samples. The findings suggest that the 
most probable cause of the outbreak was contamination of the in-camp water supply network due 
to inadequate maintenance and possible sewage infiltration. Timely clinical intervention and public 
health response effectively curtailed the outbreak and prevented further transmission.
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INTRODUCTION

	 Food safety is an important discipline 
for human health and animal husbandry. In the 
developing countries, food and hydric transmission 
event are major public health problem, causing 
deaths among children under five years old. 
Despite the fact that prompt investigation is 
necessary to control, contain the infection and 
reduce death among affected, most of the 
outbreaks remain inappropriately investigated, 
mainly delayed due to the involvement of 
multifaceted factors and processing systems. 
When significant number of people are affected 
by presence of similar clinical signs and symptoms 
at the same time period with history of ingestion 
of common food/meals, are basically defined 
as foodborne outbreaks.1 Preparation of large 
quantity of foods under unhygienic conditions 
or poor quality of materials for a substantial 
number of people like hostels, nursing homes, 
hospitals, prisons etc., can be generally considered 
as a hotspot for food poisoning outbreaks.2,3 In a 
military establishment, infectious diseases in the 
form of outbreaks have a serious impediment and 
can affect sizeable number of individuals,4 like 
disrupt the operational function of the system.5 
It is estimated that around 2-2.5 million people 
suffer from diarrhea every year.6 Indian continent 
is reporting several outbreaks associated with 
diarrheal infections favored by number of factors. 
In many rural areas, there is a shortage of clean 
water supply, resulting in waterborne infections. 
Several reports revealed a correlation of diarrheal 
diseases with consumption of contaminated 
drinking water.7-12 The mixing of sewage and 
animal waste in the water sources like rivers, 
canals, streams, the surrounding areas of water 
distribution point is very common, especially in 
rural areas or villages, which is a known factor for 
the transmission of enteric pathogens from these 
sources.13 In the rural areas, water is generally 
collected from underground or spring water. 
These are used for various purposes like cooking, 
bathing, farming, etc. However, unlike the public 
water supplied by the government that undergoes 
various purification procedures and checked for 
quality before final supply to various households, 
ground water or spring water are not purified 

except boiling or by other purification methods 
at certain households.
	 Globally, recent surveillance among 
deployed U.S. military personnel has also 
highlighted diarrheagenic E. coli, including STEC, 
as a major cause of operational gastroenteritis 
underscoring the continuing relevance of STEC 
in military settings.14 A recent investigation from 
Tripura reported a waterborne outbreak caused 
by Enteroaggregative E. coli and Shigella flexneri/
sonnei linked to fecal contamination of a public 
pipeline.15 Unlike that community based outbreak, 
the present study describes a STEC associated 
event in a confined military camp, highlighting 
the first such report from Sikkim under the 
ICMR-FoodNet surveillance program. Sikkim is a 
north-eastern state of the Indian subcontinent, 
which shares three international borders. It is 
an advantageously located hill state accounting 
for 0.2% of the total area of India. It is one of the 
smallest states in India, both in terms of population 
(~6.32 lakhs) and area (7096 sq kms). In this work, 
we report a suspected hydric transmission event in 
an army camp based in West Sikkim that occurred 
between 27th June and 4th July 2023. Based on the 
epidemiological observations and microbiological 
findings, we report this outbreak by time, person 
and place, identification of potential exposure and 
submit evidence-based suggestions.

MATERIALS AND METHODS

Outbreak setting
	 The Food Borne Pathogen (FBP) 
investigation team from the Department of 
Microbiology, Sikkim Manipal Institute of Medical 
Sciences (SMIMS), Gangtok, Sikkim, India, is a 
part of Indian Council of Medical Research (ICMR) 
FoodNet task force surveillance project, conducted 
the investigation. The team was initially notified 
about the suspected foodborne outbreak on 4th 
July 2023 in an army camp in West Sikkim by the 
Integrated Disease Surveillance Program (IDSP) 
team (West Sikkim). The investigation team 
consists of scientist, epidemiologist, lab technician 
and medical social worker, reached the site for 
inspection on 5th July 2023. It was observed that 
more than 30 army soldiers (jawans) had attended 
army camp dispensary with symptoms of acute 
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gastroenteritis (AGE) since the early morning of 
27th June 2023 around 3 am. An epidemiological 
surveillance was initiated to determine the 
source of infection, identify the aetiological 
agent, assess the extent of outbreak and suggest 
control measures. Further, active case finding was 
conducted by reviewing the medical register of the 
cases in the camp and comprehensive cases search 
in the staff quarters of the camp. 

Case definition
	 A case was defined as any individual who 
resided or worked in the camp and developed 
diarrhea/passed loose stools (>3 times) within 
24 hrs, abdominal pain, or vomiting with onset 
between June 27 and July 4, 2023. A descriptive 
study was carried out to investigate the outbreak. 
For this, standardized structured questionnaire 
was made to collect information about socio-
demography, clinical data and food history of the 
patients, laboratory report and outcome. Informed 
written consent was taken from the cases before 
the initiation of the questionnaire. 

Ethical considerations
	 The study was approved by the ICMR-
Central Ethics Committee on Human Research 
(CECHR) (Reference Number: CECHR/BEU/ICMR-
CECHR/75/2020 as well as Ethics Committee 
(Reference Number: SMIMS/IEC/2019-116, 
approved on 7th Sept., 2019) of Sikkim Manipal 
University (SMU), Gangtok, which is one of 
the sites for ICMR FoodNet project in which 
outbreak investigation has also been included. 
Informed written consent was obtained from 
each participant before enrolling the cases for 
data collection and stool/rectal sample collection 
where applicable. 

Laboratory investigations
	 Following the notification of outbreak, 
rectal swabs and stool samples were collected from 
symptomatic cases and transported in Cary Blair 
medium to the laboratory. These samples were 
processed in the Department of Microbiology, 
SMIMS. Suspected rectal swabs, stool samples, 
food samples, water samples, environmental 
swabs and swabs from food handlers of the 
camp mess were also collected and processed. 

Samples were tested for the common enteric 
pathogens using conventional bacterial culture 
and biochemical identification methods following 
the standard methods.14 The isolated Escherichia 
coli (E. coli) were further tested for the presence 
of diarrheagenic E. coli (DEC) (ETEC, EPEC, EIEC, 
EAEC and STEC) in the multiplex polymerase 
chain reaction (PCR) targeted diarrheagenic E. coli 
virulence genes including stx1 (348 bp) and stx2 
(584 bp) for STEC, eae (482 bp) and bfpA (300 bp) 
for EPEC, lt (218 bp) and stII (129 bp) for ETEC, aap 
(310 bp) and aggR (629 bp) for EAEC and virF (618 
bp) and ipaH (933 bp) for EIEC.16

Environmental investigations
	 During the survey, mess, storage rooms, 
dining hall and various water sources were 
inspected thoroughly for cleanliness and sanitation. 
The food handlers were examined to identify any 
apparent illness. The place of convenience and 
refuse disposal site were also inspected. The 
camp had 3 mess; 1 for officers, 1 for junior 
officers (subedars) and 1 for soldiers (jawans). The 
investigation team collected water samples from 
various sources within the camp compound (1: 
Officer barrack water supply with reverse osmosis 
(RO) filter; 3 medium size water tanks with taps) as 
well as from the open spring water source, which 
was identified as main source of water supply to 
the entire military establishment. It was at least 
500 meters away from the camp in an uphill road. 

Data collection and analysis
	 The data obtained were entered and 
double checked in Microsoft Excel Office (365 
version). A line list was prepared in consultation 
with IDSP officers and an epidemic curve was 
plotted by date and time of onset of AGE along 
with the calculation of age specific attack rates 
(AR). 

RESULTS

Descriptive epidemiology
	 A total of 223 people resided in the army 
camp in West Sikkim at the time of investigation. 
Overall, thirty male patients were identified as 
cases as per the definition. AR of the outbreak 
was 13.5%. The ages of the patients ranged from 
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21 to 50 years. The mean age of case patients was 
35.68 (standard deviation ±6.85). The patients 
aged between 21-30 were found to be the most 
affected 12 (40%), followed by 31-40 years 16 
(53%) (Table 1).
	 Among the identified cases, 19 (63%) 
were jawans, 10 (33%) were subedars and 1 
(3%) was a cook. Most of the affected cases had 
symptoms like diarrhea 30 (100%), abdominal pain 
29 (97%), nausea 28 (93%), vomiting 26 (87%) 
and fever 22 (73%). No fatality was reported from 
this outbreak. The average incubation period of 
infection was 8 hrs and the period ranged from  0 
to 26 hrs. The majority of cases exhibited moderate 
diarrhea 22 (73%), followed by acute diarrhea 
6 (20%) and only 2 (7%) suffered with severe 
diarrhea. 
	 The outbreak curve indicated that the 
first three cases were reported on 27th June 2023 
and additional cases were reported on subsequent 

days. Peak cases were identified on 30th June, 1st 
and 2nd July 2023 with seven cases being reported 
on all three days (Figure 1). The outbreak curve 
indicated typical picture of a common source of 
infection. 
	 As shown in (Figure 2), the distribution of 
affected individuals or clustering was mainly found 
in jawans' barracks, followed by few other cases 
in the SP barrack and the camp headquarter. No 
cases were reported from the officer’s barrack. 
Among 30 cases, consumption of drinking water 
by 30 (100%) cases had the strongest association 
with the illness, 10 (33%) had consumed milk, 6 
(20%) rice and veg biryani, 3 (10%) had taken roti 
and chicken. The only common exposure shared 
by all cases were food and water from the camp 
mess. Of the 30 cases, 29 (96.6%) consulted a 
physician in the camp medical unit, whereas 1 
(3.3%) adopted self-medication. The cases were 
treated with oral fluids 14 (46.6%), antibiotics 29 
(96.6%), anti-spasmodic and antacids 16 (53.3%).

Laboratory investigation
	 Based on the laboratory investigation, of 
the 18 rectal swabs collected from jawans, staff 
and subedars with AGE, 17 (94%) samples were 
culture positive for E. coli and 1 for Klebsiella 
spp., E. coli was also isolated from two diarrheal 
stool samples. Out of 13 food samples, E. coli was 
isolated only from uncooked pulses. E. coli was also 
isolated from 3 different chopping boards. Out of 

Table 1. Age group distribution and attack rate of 
diarrhea cases during outbreak

Age	 No. of	 Attack rate 
group 	 cases (30)	 (n = 223)

0-10	 0	 0
11-20	 0	 0
21-30	 12 (40%)	 5.38
31-40	 16 (53%)	 7.17
41-50	 2 (6.6%)	 0.89
Total	 30	 13.45

Figure 1. Epi-curve- Onset of symptoms according to date
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5 water samples, E. coli was isolated from 1 tap 
water of the jawans' barrack water supply area 
of the camp. All E. coli isolates were confirmed 
phenotypically (Table 2).
	 Multiplex PCR (Eppendorf, Germany) was 
performed to identify and confirm the presence 
of diarrhogenic strain of Escherichia coli (DEC) 
from a total of 24 Escherichia coli identified 
phenotypically (rectal swab (17) and stool samples 
(2), food sample (1), environmental samples 
(3) and water sample (1). The multiplex PCR 
confirmed the presence of STEC (EHEC) strain of 
diarrheagenic E. coli, as shown in Figure 3. 

Environmental investigation
	 On inspection of the site by IDSP officers, 
the following observations were made. The mess 
and dining area were found to be clean and it 
was informed that before and after every meal 
preparation washing and cleaning was done on 
regular basis. The food handlers also maintained 
hygiene by using head caps, gloves and aprons. 
The washing area was also found to be clean. In 

storage facility, perishable goods were kept in 
clean wooden racks and covered. The packaged 
food items were kept in a separate shelf and 
expiry date logbook was maintained by the store 
in-charge. The dairy products were refrigerated. 
The cooked foods were covered and kept on top 
of a clean bench. The garbage disposal area was 
located few distance away from the dining area 
and was properly barricaded with tin sheets. The 
drainage system was well covered. The sewage 
pipelines were also checked and found to be 
satisfactory with no leaks or any broken pipes. In 
the spring water source, few pipes were found to 
be connected directly into the mouth of spring 
water tied with ropes and cloth filters. It was 
observed that water was supplied directly to the 
camp with no filtration system in the mess area 
of SP barrack and jawans barrack. The water tank 
near the military camp also did not have any 
filtration set up. It was only in the officer’s barrack, 
that there was a proper filtration system with RO 
facility and water was supplied to mess area of 
officer’s barrack.

Table 2. Identified pathogens and STEC/DEC PCR results of different samples

Samples	 Total number	 Pathogen identified	 Multiplex PCR
	 collected	 by culture and 	 confirmation of
		  biochemical methods	 STEC/DEC Strains

Rectal swab	 18	 17 Escherichia coli  	 17 STEC 16 (stx2 gene) 
		  01 Klebsiella spp. 	 1 (stx1 + stx2 gene)
Stool samples	 02	 02 Escherichia coli	 DEC negative 
Food samples (13)	 Basmati rice (02)	 01 Acinetobacter spp.	 -
		  01 Proteus vulgaris
	 Lady finger uncooked	 Enterobacter spp.	 -
	 Dough	 Klebsiella spp.	 -
	 almonds	 Klebsiella spp.	 -
	 wheat dough	 Klebsiella spp.	 -
	 carrot uncooked	 Klebsiella spp.	 -
	 potato cooked	 Klebsiella spp.	 -
	 Peanuts	 Klebsiella spp.	 -
	 pulses uncooked	 Escherichia coli	 DEC negative
	 bottle gourd uncooked	 Klebsiella spp.	 -
	 Milk	 Klebsiella spp.	 -
	 Chopped onions	 Klebsiella spp.	 -
Environmental samples	 03 (chopping board swab)	 Escherichia coli	 DEC negative
Water samples (05)	 03- main source but different	 02 Aeromonas spp.	 -
	 collection	 01 Vibrio spp.
	 01-Tap water	 Citrobacter spp.	 -
	 01-RO water	 Escherichia coli	 DEC negative
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DISCUSSION

	 One of the key points of United 
Nations Development Programme’s Sustainable 
Development Goal 6 is the achievement and 
delivery of safe drinking water to all humanity.17 
This can also be defined as one of civilization’s 
most efficacious public health interventions that 
prevails in most of the developed countries. 
However, probable hazards associated with 
drinking water systems are the waterborne disease 
outbreaks in high-risk communities.18

	 The overall attack rate in our cohort 
(13.5%) was lower than that reported in a school-
camp waterborne outbreak described by Park et 
al., where 188 of 609 attendees were affected 
(attack rate 30.9%).19 This difference likely reflects 
setting and exposure contrasts, the outbreak 

occurred in an open school-camp population with 
broad exposure to a contaminated groundwater 
source and delayed system remediation, whereas 
our event occurred in a confined military camp 
where rapid identification and targeted control 
measures, were instituted early and likely limited 
further spread. The Tripura investigation of a 
community waterborne event similarly involved 
widespread pipeline contamination at the 
community level and reported an overall attack 
rate of 0.9%, compared with the 13.5% observed 
in our outbreak, underscoring how exposure 
intensity and population structure influence 
outbreak magnitude.15 Finally, recent surveillance 
among deployed U.S. military and traveller 
cohorts has again highlighted diarrheagenic 
E. coli (including STEC) as an important cause 
of operational gastroenteritis, reinforcing the 

Figure 2. Spot map of diarrheal cases (red dot) in army camp in West Sikkim
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global relevance of vigilance and rapid molecular 
diagnostics in military settings.14 Similarly, a 
more current outbreak was reported from Utah, 
USA by Osborn et al., where STEC O157:H7 was 
associated to untreated municipal irrigation water, 
our findings reinforce that environmental water 
systems can serve as unrecognized reservoirs for 
STEC transmission, especially in institutional or 
community settings.20

	 In this study, most of the affected cases 
had history of consumption of contaminated water 
and food prepared from same water. Based on the 
survey of surrounding areas and the main source 
of water, it was predicted that natural spring water 
may be the main source, which was located about 
500 meters from the camp. Since this spring water 
was found to be in an open area, it may have been 
polluted by the animal or human waste. 
	 It was also observed that upstream areas 
of the spring water were habituated by some locals 
with agriculture lands and household rearing 
animals and livestock. STEC has been commonly 
found in several domestic animals.21 Moreover, 

during the period of outbreak, study area had 
been consistently receiving heavy monsoon rains. 
It is long-established that seasonal rains increase 
the possibility of diarrheal threat, especially in 
rural areas.22-25 Thus, based on the findings it is 
suspected that main natural spring water source 
might have been contaminated by animal feces/
sewage runoff.
	 In this investigation, the tested rectal 
swabs were only positive for STEC by the multiplex-
PCR indicating that this pathogen might be 
associated with the disease. STEC are known to 
persist in food and drinking water due to fecal and 
secondary contamination.26,27

	 Recent comparative studies demonstrate 
that culture-based detection often underestimates 
diarrheagenic E. coli due to isolation bias and 
low recovery efficiency, while metagenomic and 
molecular workflows provide broader detection 
coverage.28 Similarly, real-time genome-based 
surveillance has been shown to improve STEC 
identification and outbreak tracing beyond 
conventional culture approaches.29

Figure 3. Confirmation of STEC among DEC isolates by multiplex PCR.
(A) Agarose gel electrophoresis showing amplification of STEC isolates.
Lane 20: DNA molecular size marker (1000 bp ladder), 
Lane 19: Reference strain STEC (stx1 amplicon size 348 bp and stx2 amplicon size 584 bp)
Lane 18: Negative control
Lane (1-17): Tested sample 
(B): Agarose gel electrophoresis showing amplification of STEC isolates
Lane 40: DNA molecular size marker (1000 bp ladder), 
Lane 39: Reference strain STEC (stx1 amplicon size 348 bp and stx2 amplicon size 584 bp)
Lane 38: Negative control
Lane (21-37): Tested sample
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	 As described in other investigations, the 
low numbers of organisms below the sensitivity 
limit of culture conditions, or antibiotic treatment 
at the time of specimen collection might be the 
probable reasons for not isolating the STEC in this 
study from food and water sample.30,31

	 A significant observation made during 
this investigation was that in most of the area 
where many AGE cases were reported, the army 
personnel consumed water directly from the taps 
connected to water tanks without any preventive 
measures like filtration, chlorination or boiling of 
water practiced. Unlike, in officer’s barrack, where 
RO water filter was found to be functional. It can 
be assumed that it may have limited the outbreak 
in officer’s barracks area, hence, there were no 
cases reported. A general misconception among 
the public is that spring water or underground 
water is generally considered as clean or pure, 
therefore, untreated water from these sources 
are consumed directly, placing them at risk of 
contracting waterborne diseases. 
	 The higher officer in-charge and IDSP 
Officer, West Sikkim were informed about the 
results of this study for rapid undertaking of public 
health measures. As follow-up actions in response 
to the outbreak described, sensitization on process 
of water purification process like boiling before 
consumption, chlorination process at specific 
areas, cleaning of the spring water at regular basis 
and maintenance of hygiene at personal level was 
recommended by the FBP team. Installation of 
RO water purification system at each mess was 
also initiated. They were also informed to cover 
and disinfect natural spring water source which 
possibly could get mixed up with heavy rain water 
runoffs. Hydric transmission event linked with 
polluted source water remain a community health 
distress around the world and there is a need to 
monitor the policy of safe water consumption 
continuously. Outbreaks that occur in certain 
sensitive areas like army camps, group facilities 
etc., need to be monitored on a regular basis 
with systematic surveillance and management 
of drinking water quality in order to prevent and 
control hydric transmission event. Following the 
recommendation, immediate action was adopted 
by the authorities to stop the spread of the disease 
and the cases were under control.

CONCLUSION

	 In conclusion, our findings support 
the chances of waterborne transmission of a 
contaminated natural spring water source. This 
investigation presented inadequate maintenance 
of the water distribution system and potential 
animal sewage/fecal pollution of water were 
the most plausible causes of outbreak. The rapid 
initiation of descriptive epidemiological studies 
in this study helped not only to identify the most 
likely source of infection, but also undertakes 
course of specific interventions. It is crucial to 
have operational control measures with regular 
trainings, periodic spot investigations and survey 
to address any infringement of food handling 
techniques, water management and hygiene 
practices.

Limitations
	 Stool sample collection was restricted, 
as several affected personnel had received 
antibiotics and were deployed for election duty. 
This likely reduced culture recovery and molecular 
confirmation of STEC, since antibiotic exposure 
can lower isolation efficiency to below 50%. In 
addition, E. coli serotyping was not performed, 
limiting further strain characterization.
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