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ARTICLE INFO ABSTRACT

Keywords: Background: Foodborne and waterborne diseases and outbreaks are a neglected public health issue
Foodborne diseases worldwide. In developing countries, diarrheal disease caused by foodborne and waterborne in-
Surveillance

fections is a major cause of ill health. There is a lack of information on foodborne pathogens, their
transmission routes, outbreaks, and related mortalities, due to the absence of a robust disease
surveillance system and adequately equipped laboratories. Although hygiene practices are much
better in Western countries, the widespread use of preserved and raw food items is a cause of
concern. Consequently, the occurrence of foodborne diseases is not rare in these countries either.
WHO has recently released the ‘Global Strategy for Food Safety 2022-2030°, addressing the
emerging challenges, new technologies, and innovative approaches to strengthen food safety
systems and enhance laboratory capacity for foodborne disease surveillance. Foodborne out-
breaks are a huge challenge in India. Malnutrition, anemia, hookworm and enteric infections, are
the predominant cryptic health conditions among children in rural and tribal areas, leading to
severe consequences, including death, and posing a substantial threat to public health. Combating
such events with adequate food safety and hygiene practices is achievable. Systematic collection
of data can help to develop food safety policies that could reduce the burden of foodborne
diseases.
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Objective: This review aims to examine the current situation of foodborne and waterborne dis-
eases, identification of the factors contributing to their occurrence and outbreaks, and defining
the gaps in control measures, challenges, and potential solutions in improving the public health
system.

Methods: Strengths, weaknesses, opportunities, and threats (SWOT) analysis was made based on
the literature review of foodborne and waterborne infections to assess the current situation and to
identify knowledge gaps.

Finding: SWOT analysis showed the strength and gaps in the different national initiatives analo-
gous to the global programs. Though, Integrated Disease Surveillance Programme (IDSP), Food
Safety and Standards Authority of India (FSSAI), the core Government missions, independently
generate substantial information, sporadic and outbreak cases of diarrhea still prevail in the
country due to the absence of a systematic national surveillance system. Recently, many gov-
ernment initiatives have been made through Sustainable Development Goals (SDGs), G20 goals,
etc. However, potential threats such as risk of zoonotic disease transmission to humans, emerging
infections and antimicrobial resistance (AMR), and unauthorized activities in the food sector pose
a big challenge in safeguarding the public health.

Conclusion: Maintenance of global food safety requires a systematic analysis of present situations,
identification of existing shortcomings, and targeted efforts toward prevention of infections. The
ongoing G20 mission and the SDGs for 2030 represent significant strides in this direction. To have
pathogen-free animals and supply of contamination-free raw foods is impractical, but, mitigating
the prevalence of zoonotic diseases can be accomplished by rigorously enforcing hygiene stan-
dards throughout the food production chain. A crucial requirement at present is the imple-
mentation of integrated laboratory surveillance for foodborne and waterborne infections, as this
will provide policymakers and stakeholders all the evidence based scientific information. This
system will facilitate efforts in minimizing the risks associated with foodborne and waterborne
infections.

1. Introduction

Food safety is an important component in Public Health management. It is estimated that 7.7 % of individuals all over the world
suffer from foodborne illness every year with a mortality rate of 7.5 % [1-3]. Despite causing a large number of morbidity and
mortality throughout the world [4], foodborne diseases remain a neglected subject. World Health Organization (WHO) and the US
Centers for Disease Control and Prevention (CDC) regularly report the incidence of foodborne infections, causative pathogens, and
outbreaks associated with contaminated food sources [5]. The pathogens that cause foodborne infections vary among different
countries. The majority of cases in the United States are of Norovirus and Campylobacter, whereas Europe reports more Campylobacter
and Salmonella infected cases. In Australia, the highest number of cases are due to Campylobacter, followed by Salmonella. In Korea,
pathogenic Escherichia coli is followed by Norovirus. Campylobacter and Clostridium perfringens cases have been reported in Japan [6].
Southeast Asian countries are predispose to foodborne illness because of the climatic conditions, food habits, poverty, poor hygiene,
inadequate sanitary facilities and low public awareness of food safety [7].

India faces a greater challenge with a high incidence of foodborne diseases, particularly diarrheal infections, resulting in
considerable mortality and morbidity. More than 60 % of emerging and re-emerging pathogens have been identified from animals and
the environment, which are transmitted by food and water [8]. However, the reported incidence of foodborne diseases is inaccurate in
India, as they are not often reported and notified to the authority due to their sporadic and self-limiting nature. The Outbreak Sur-
veillance data of Integrated Disease Surveillance Programme (IDSP) indicated a significant rise in both the frequency and diversity of
outbreaks across India [9]. During 2009-2018, a total of 2688 foodborne disease outbreaks and 572 deaths were reported to the IDSP.
An average of 269 outbreaks and 57 deaths were reported each year [10]. Outbreak investigations in India frequently lack essential
comprehensive information needed for thorough analysis, monitoring, and evaluating response processes. Published reports often lack
comprehensive investigative details, both in descriptive and analytical aspects. In view of the potential risk of foodborne disease
outbreaks and to get the accurate picture of the extent of foodborne illness, there is a need for constant monitoring, data generation,
analysis, and preparedness to manage future outbreaks.

This review focuses on the present state of foodborne illnesses in India, along with the awareness levels and existing infrastructure
for reporting such infections. It also explores the efforts to meet global standards of food hygiene, emphasizing the current necessities
for public health in comparison to global initiatives.

2. Methodology

Foodborne disease outbreaks are defined as the occurrence of 2 or more cases of a similar illness resulting from ingestion of a
common food or when the observed number of cases of a particular disease exceeds the expected number [11]. These can be confirmed
by identifying at least one causative agent or speculation-linked events (based on clinical and epidemiological information). Although
most cases are sporadic, these diseases draw attention due to outbreaks, investigation of which can help in initiating control measures.
This review covers the foodborne and waterborne disease outbreaks published between 1981 and 2022. A comprehensive literature
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review was performed by searching databases of scientific literature reporting the foodborne and waterborne disease outbreaks in
India. Keywords used includes “India” AND (“food” OR “water”) AND (“pathogens” OR “Listeria” OR “Salmonella” OR “E. coli 0157 OR
“Campylobacter”) AND/OR “outbreak” AND/OR “foodborne infection,” “Food Network” AND/OR ‘NCDC annual report,” AND/OR
‘WHO foodborne” to identify the published literature. The results of each search were filtered based on the relevance of the title and
abstract/full text. Only peer-reviewed studies that reported outbreaks of foodborne or waterborne pathogens in India were included. In
addition, for each selected publication, the reference section was examined to identify additional relevant publications. Information
extracted from each report includes the onset date of illness, the state reporting the outbreak, the number of illnesses and fatalities,
suspected sources of contaminated food and the identified pathogen(s). Exclusion criteria include (i) food poisoning outbreaks, (ii)
articles with incomplete information or unmatched with our objectives, (iii) outbreaks with alternative modes of transmission, where
the illness was not linked to foodborne or waterborne pathogens or suspected food items, or associated with person-to-person/animal
contact.

The global foodborne illness outcomes were assessed, considering the current challenges to meet the emerging and re-emerging
problems, including their root causes and influences. Strengths, weaknesses, opportunities, and threats analysis (SWOT) analysis
was performed This analysis also includes qualitative and quantitative studies in India focusing on foodborne illness prevalence and
existing infrastructure to tackle the problem. In addition, we have reviewed the IDSP, National Health Mission (NHM) diarrhea control
measures, and other disease surveillance platforms in India.

2.1. Global scenario

The health burden of foodborne illnesses is substantial both in developed and developing countries [12]. Approximately 7.7 % of
the global population (7.8 billion) suffer from foodborne illnesses annually, and 7.5 % of all deaths (56 million) are attributed to these
diseases [3]. 30 % of reported foodborne deaths occur in children under the age of 5 [1]. As many cases are often not reported to health
officials, the true impact of foodborne illness is not fully known.

A systematic review on emerging infectious disease outbreaks revealed that 76 % of infections are zoonotic resulting from
heightened human-animal contact due to animal farming and deforestation, which elevates the risk of pathogens entering the food
chain [8,13]. A large number of zoonotic pathogens thrive asymptomatically in the gastrointestinal tract of food animals (poultry,
cattle, swine, sheep, and goats) shedding in significant quantities through their feces. These pathogens including Campylobacter spp,
Salmonella spp., and Shiga toxin-producing Escherichia coli (STEC) are associated with many foodborne diseases and outbreaks [14].
Enteric pathogens are the third leading cause of infectious disease worldwide, accounting for almost two million deaths yearly [15].
Therefore, foods of animal origin are considered primary vehicles of foodborne infections. In addition, there are many other zoonotic
pathogens associated with food transmission, like hepatitis E (HEV), A (HAV), paragonimus, etc [16].

In the CDC assessment of foodborne pathogens, HAV is considered a significant cause of the severe disease [17]. Contaminated
clams caused an outbreak of HAV in China, which affected more than 300,000 people [18]. HEV is another important pathogen that
has been recently considered for its transmission to humans through the food and water [19,20]. Epidemiological studies have pro-
vided evidence for the consumption of undercooked or raw pork as a risk factor for HEV infection, but only very few systematic studies
have been reported [21-23]. Several studies across Europe indicate that pig herds are responsible for the transmission of HEV genotype
G3 infections [24-28]. A survey conducted in France described a farm-level prevalence of HEV G3 (30 %) [29]. Similar findings in
Canada [30] and Italy [31] have also been documented linking animal meat with HEV.

Norovirus is the other leading cause of acute gastroenteritis outbreaks. More than 7000 Norovirus outbreaks were reported to the
National Outbreak Reporting System (NORS) by local, state, and territorial health departments in the US from 2009 to 2017 [32].
Foodborne Norovirus is estimated to cause more than 50 deaths per year in the UK [33]. Between 2012 and 2017, foodborne
outbreak-associated Norovirus GI and GII were detected in foodborne outbreak investigations in France [34]. In Japan, recombinant
GII virus with various genotypes has been reported in several foodborne outbreaks [35].

Among bacterial infections, STEC is estimated to be responsible for 2.8 million acute illnesses, resulting in 3890 cases of hemolytic
uremic syndrome (HUS), among these cases 270 had end-stage renal disease, and 230 fatalities [36]. The primary source of this
zoonotic pathogen is the intestinal tract of cattle, although other animals can also act as reservoirs [17]. In the US, E. coli 0157:H7
emerged as a significant public health. Fifty-two (48 %) patients were hospitalized, and 13 (12 %) developed the HUS. This large
multistate outbreak was due to eating at a national fast-food chain [37].

Campylobacter is one of the most common human enteric pathogens in both developed and developing countries. From 2014 to
2020, there was a constant upsurge in campylobacteriosis in France [38]. The reported incidence rose from 45.2 per 100,000 in 2014
to 57.5 in 2019 and further increased to 58.8 in 2020. Similarly, the number of foodborne outbreaks attributed to Campylobacter in
Japan rose from 212 in 2014 to 278 in 2018 [38,39]. Approximately 15-28 % of Campylobacter infections were associated with the
consumption of chicken [39]. In Japan, Campylobacter infections surpassed the rates of other foodborne bacterial pathogens like
Salmonella and Vibrio parahaemolyticus [40].

Salmonella exists in the intestines of most livestock and many wild animals. Outbreaks caused by this pathogen is commonly
associated with contaminated eggs, meat, and poultry products. The CDC estimates that approximately 1.35 million people in the US
get infected with Salmonella that include 26,500 hospitalizations, and 420 deaths annually [41]. In 2023, five Salmonella outbreaks
were documented linking 230 individuals, with 96 hospitalizations and 3 deaths [41]. The associated food sources include, flour (14
cases, 3 hospitalizations), raw cookie dough (26 cases, 4 hospitalizations), ground beef (18 cases, 7 hospitalizations), diced onions (73
cases, 15 hospitalizations), and cantaloupes [41].

Listeriosis is a serious infection with a high mortality rate (20-30 %) [42]. Listeria monocytogenes is considered an opportunistic
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pathogen that causes disease in older adults, pregnant women, newborns, and immunocompromised adults. Infections in pregnant
women might cause miscarriages, stillbirths, and birth defects. Unlike many other foodborne pathogens, Listeria multiplies at lower
temperatures and hence, refrigerated foods are a potential risk for this pathogen [42] . From January 2017 to July 2018, South Africa
experienced the largest listeriosis outbreak with 1060 confirmed cases, and 216 deaths [43]. This outbreak was linked to ready-to-eat
processed meat products contaminated with L. monocytogenes from a specific food production facility. A listeriosis outbreak in Spain,
with 207 confirmed cases was reported between July and October 2019 [44]. About 68 % of the cases required hospitalization, and
there were 3 fatalities and 5 suffered miscarriages. The source of the infection was identified as stuffed pork, a ready-to-eat product
supplied by a single producer contaminated with L. monocytogenes sequence type 388 [44].

2.2. Indian scenario

One of the frequent health risks that contribute to high morbidity in India is foodborne infections. The main cause of infection is due
to the lack of public health infrastructure, economic problems, unstable health policies, poverty, unconstrained population
displacement, rapid urbanization, inefficient disease control programs, and antimicrobial resistance [45]. Furthermore, globalisations
of trade and travel have increased the emergence and re-emergence of foodborne pathogens [46]. Table 1 presents a list of foodborne
and waterborne outbreaks reported in India during 1981-2022 with causative agents, sources, and impact across regions. The
geographical distribution of these incidents in India has also been shown in Fig. 1.

Many outbreak investigation reports often lack essential information needed for systematic analysis, monitoring, and evaluation of
outbreak response processes. The published outbreak reports frequently have incomplete investigation details, both in terms of
descriptive and analytic findings, and notably lack data on antimicrobial resistance of the identified pathogens.

The outbreak investigations of bacterial foodborne diseases in India from 1980 to 2009 reported a total of 37 outbreaks involving
3485 persons [47]. The main outbreak-causing pathogens included Staphylococcus aureus, Salmonella, E. coli, Vibrio, and Yersinia
enterocolitica. There is a lack of systematic studies to understand the types of foods involved and the etiological agents to create
awareness among policymakers [47].

Action strategies for foodborne disease outbreaks applied between 2009 and 2018 have been recently reviewed [10]. Less number
of outbreaks were reported in 2008 (n = 553) and 2009 (n = 799), which has increased in subsequent years. This increase in outbreak
report is primarily attributed to the improved surveillance and reporting systems, enhanced infrastructure, increased investments,
wider participation of states/union territories, the establishment of referral lab networks, and training of skilled manpower by the IDSP
[48]. West Bengal has consistently recorded the highest number of outbreaks. The highest mortality rate was reported in Assam (14.5
%), despite having a lower percentage (6.4 %) of outbreaks [10]. Some of the states/union territories, including Arunachal Pradesh,
Delhi, and Daman and Diu, have reported only one outbreak in ten years. Underestimation of outbreaks significantly impacts the
planning, enhancement of strategies, and measures to control foodborne outbreaks [10].

Ten foodborne disease outbreaks involving 996 individuals have been investigated in Hyderabad [49]. The type of food responsible
for these outbreaks includes ‘kaddu ka kheer’ (sweet made with bottle guard and desiccated milk), milkshake, chicken biryani (rice and
chicken dishes), fruits, salad, juice, and ‘Gur wale chawal’ (jaggery rice). The etiological agents identified from these outbreaks include
S. aureus and Salmonella spp. In Maharashtra, an outbreak was linked to consumption of ‘Gaajar Halwa’. During this outbreak, 42 cases
(56 %) were hospitalized in 2018. The clinical presentation and incubation period of the patients aligned with enterotoxin-producing
S. aureus [50].

Other studies indicated the incidences of foodborne diseases implicated with consumption of sandwiches, soybean milk, stale rice,
chicken, bread, vegetable curry, and buttermilk [51-56]. An outbreak of Salmonella food poisoning among soldiers was reported in the
Western Himalayas during 1998, affecting 78 soldiers [56]. Six stool samples and one blood sample tested positive for Salmonella
enteritidis during the investigation. Another food poisoning outbreak in a Tamil Nadu village affected 25 of 48 individuals who
consumed buttermilk during a feast [55]. In 2021 acute gastroenteritis outbreak was reported in a school associated with the con-
sumption of sweetened curd, affecting 204 students in Uttar Pradesh [57]. An outbreak of food poisoning was reported in Maharashtra
in 1995, affecting 33 individuals after consuming vegetarian food contaminated with Salmonella Paratyphi A var Durazzo [58]. In
2023, a cluster of acute gastroenteritis outbreaks was reported following a marriage function in the Wayanad district of Kerala, linked
to the consumption of chicken biriyani [59].

In India, poultry is the most common reservoir of Salmonella [60]. Recently, a foodborne outbreak due to non-typhoidal Salmonella
was reported among the staff and students in a tertiary care hospital in southern India due to the consumption of chicken shawarma
[61]. In 2015, the occurrence of S. Weltevreden associated foodborne outbreak was reported among hostel students in Pune, Maha-
rashtra [62]. Environmental studies have reported the presence of Salmonella spp. from the hands of butchers as well as abattoir
equipment from Punjab [11]. Nearly 8 % of eggs and 7 % of egg-storing trays from retail markets of Coimbatore, South India were
reported to be contaminated with Salmonella enteritidis [63]. During 2008-2009, two separate food poisoning outbreaks due to Sal-
monella Weltevreden and Salmonella Wein in chicken and fish, respectively, were reported from Mangalore [64,65].

The prevalence of the parasitic protozoan Toxoplasma gondii has been reported in slaughtered pigs [66] in North India and goats
[67] in Jharkhand. A study on dairy cattle and beef from Kolkata showed the presence of STEC 0157:H7 serotype. Though this
serotype was isolated from meat, no STEC was detected from the diarrheal cases [68]. The low prevalence of STEC-associated diarrhea
in India may be due to prevalent cooking practices. Prevalence of E. coli 0157:H7 has also been reported in the Ganga River in Varanasi
[69].

The burden of viral hepatitis in India is not well described. IDSP has conducted surveillance across all states for epidemic-prone
diseases, including foodborne and waterborne viral hepatitis. During 2011-2013, a total of 804,782 hepatitis cases and 291



Table 1

A comprehensive analysis of foodborne and waterborne outbreaks in India (1981-2022) — Unraveling causative agents, sources, and regional impact.

Causative/suspected Year Region/State No. of cases No of clinical symptoms The event Clinical and food samples Possible source Ref
pathogen deaths investigated
Vibrio fluvialis 1981 Mabharashtra 14 _ Vomiting, abdominal pain Religious ceremony 9 stool samples + ve for Food [54]
V. fluvialis
Salmonella enterica 1986 Chandigarh 54 _ Fever (100 %), nausea and Picnic Blood cultures 81 %, Widal Contaminated water [92]
serovar Typhi vomiting (46 %), loose (1:320 or more) in 43 % and
motions and abdominal pain suggestive (1:160) in 25 %.
(13 %), and palpable Bacteriological examination of
splenomegaly (63 %). water from the likely sources
revealed gross faecal
contamination.
Salmonella Paratyphi A 1995 Mabharashtra 33 _ Acute diarrhea and vomiting, Salmonella paratyphi A var food [58]
var Durazzo high grade fever durazzo isolated from 12 faecal
samples
Yersinia enterocolitica 1997 Tamil Nadu 25 _ Fever, loose stool, abdominal Feast Y. enterocolitica isolated from food (Buttermilk) [55]
cramps, with or without one stool sample and borewell
vomiting water samples. Serology of first
paired samples revealed high
anti Y. enterocolitica antibody
titre. Toxin was detected from
the butter milk.
Salmonella enteritidis 1998 Himachal 78 _ Diarrhea, vomiting, fever, Food consumption in Salmonella enteritidis was Food (Frozen fowl) [56]
Pradesh headache, vertigo and a common dining hall  isolated from 6 stool samples
abdominal cramps of varying and in one blood sample.
intensity
Vibrio cholerae O1 1999 Chandigarh 14 _ Diarrhea Water from one of the ~ Microscopically confirmed cases ~ Hand pump water [93]
hand pump of cholera, water was positive contamination
for V. cholerae O1 biotype El Tor
serotype Ogawa.
Norwalk-like viruses 2002 New Delhi 130 _ Diarrhea Farewell party All six stool samples were Food (Salad [94]
positive by RT-nested PCR. sandwiches)
Vibrio cholerae O1 2002 Andaman and 16 _ Diarrhea Vibrio cholerae O1 El Tor was Effluents from ships or [95]
Nicobar isolated from 18 of the 67 poachers from
Islands patients tested. neighboring countries
where cholera is
endemic.
V. parahaemolyticus 2003 Kolkata ~200 Outbreak of diarrhea Blood donation camp. V. parahaemolyticus was isolated ~ Food (Rice with meat) [96]
03:K6 from the stool samples of five
patients.
Hepatitis A 2004 Pune 123 _ Icterus, dark-colored urine, Large-scale outbreak Serum samples, feces and Contaminated water [971
anorexia, vomiting/nausea, of hepatitis among sewage samples.
abdominal pain, fever, fatigue children
and diarrhea.
Hepatitis A 2005 Kerala 540 2 reported Fever, diarrhea, abdominal History of visit to HAV RNA was present in the Non-functional sewage [73]
from discomfort, medical college feces treatment plant and the
Medical hospital area. untreated sewage was
college constantly overflowing
area. and getting mixed with

water canal.

(continued on next page)
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Table 1 (continued)

Causative/suspected Year Region/State No. of cases No of clinical symptoms The event Clinical and food samples Possible source Ref
pathogen deaths investigated
Vibrio cholerae O1 2005 Kolkata 89 _ Acute watery diarrhea Emergency medical V. cholerae O1 biotype El Tor, Leakage in the main [98]
camp and health serotype Ogawa was isolated as pipeline supplying
outposts as part of a a sole pathogen from 15 (15.8 drinking water to the
routine surveillance %) 89 stool samples screened. area.
programme at the Water samples showed presence
area. of coliform bacilli with high
MPN count.
Vibrio cholerae O1 2005 Odisha 62 cases in _ Diarrhea Increase of incidence Stool samples and rectal swabs. 1 Foodborne due to [99]
Chasapada of watery diarrhea in Two stool samples (one from contamination of the
51 cases in these 2 villages each village) were positive for V. milk products by dirty
Tentuliapatna cholerae El Tor O1 Ogawa. hands.
2. Waterborne as water
well contaminated by
sewerage originating
from the first village.
Staphylococcus aureus 2007 Mabharashtra 123 _ Loose motions, fever, pain Consumed meals in Samples of the chicken, Chicken [100]
and Bacillus cereus abdomen and vomiting the mess environmental swabs from the
kitchen, food handlers, Stool
and blood showed no
bacteriological growth.
Salmonella enterica 2007 West Bengal 103 _ Occurrence of fever for > one  Slum of South Salmonella enterica Typhi was The initial foodborne [101]
serovar Typhi week Dumdum isolated from one of four blood outbreak of typhoid led
municipality, West specimens and 65 of 103 sera to the contamination of
Bengal reported an were > 1:80 Widal positive. the water supply
increase in fever resulting in a
cases. secondary, waterborne
wave
Hepatitis A 2007 Himachal 88 _ - An outbreak of viral The hepatitis cases were 63.2 Contaminated water [102]
Pradesh hepatitis per cent (55/88) were positive
for anti-HAV IgM.
HAV-RNA present in serum,
sewage and water samples
showed 100 per cent sequence
homology.
Staphylococcus aureus 2007 Uttar Pradesh 94 _ Nausea, vomiting, abdominal Dining in the catering  Coagulase positive Food (Spoiled curd) [103]
pain, diarrhea, weakness and establishment staphylococci were cultured
fever. from the vomitus and stool
samples of cases. Nasal and
fingernail swabs collected from
food handlers also showed
staphylococcal growth.
Hepatitis E 2008 Ahmedabad 233 _ Jaundice or elevated serum Clusters of jaundice A total of 16 out of 17 patients The sewage [104]
aminotransferase levels cases were reported investigated were positive for contamination of
by a civic center, the hepatitis E IgM antibody. drinking water in the
Girdharnagar ward, distribution system.
Ahmedabad.
Salmonella enterica 2009 Karnataka 34 _ Vomiting, diarrhea, Consumption of a Fish Stool samples were cultured and Food (Fish) [64]

serotype
Weltevreden

abdominal pains and fever

dish from an outside
caterer

identified biochemically similar
to Salmonella and serotyping

(continued on next page)
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Table 1 (continued)

Causative/suspected Year Region/State No. of cases No of clinical symptoms The event Clinical and food samples Possible source Ref
pathogen deaths investigated
was confirmed as Salmonella
Weltevreden
Vibrio cholerae O1 2009 West Bengal 1076 14 Diarrhea Increased number of Vibrio cholerae E1 Tor Ogawawas  Non-chlorinated piped [105]
diarrhea cases isolated from two of five water
probable case patients’ stool
specimens. Piped water
specimens and stored drinking
water were positive for faecal
contamination.
Salmonella enterica 2010 Maharashtra 150 _ Acute watery diarrhea, fever, Lunch in hostel A total of nine isolates, Food from hostel [62]
serovar abdominal cramps, nausea canteen provisionally identified as canteen
Weltevreden and vomiting. Salmonella spp.
Vibrio cholerae O1 2010-11  Gujarat 330 _ Loose rice watery diarrhea - Nineteen patients were found to  leakages in the [106]
be positive for Vibrio cholerae O1 pipelines near
serotype Ogawa. riverbanks
E. coli 2011 Tamil Nadu 53 _ Loose motions, fever, Eating dinner in a With the given clinical picture Food (Potato-bitter [107]
headache, vomiting and Military and the incubation period the gourd)
abdominal pain establishment possible cause to be Salmonella
spp.
Vibrio cholerae O1 2012 Pondicherry 921 1 Occurrence of diarrhea of Ingestion of water Nine stool samples yielded Cases were clustered [108]
more than three loose stools contaminated by V. cholerae O1 Ogawa. around two major
per day with or without drainage following leakages in the water
vomiting rains during cyclone. supply system
Salmonella enterica 2013 Chandigarh 18 _ Continuous fever, abdominal - Twenty-seven strains of Not identified [109]
serovar Typhi pain with or without diarrhea, Salmonella Typhi were isolated
hepatosplenomegaly and from blood cultures.
bradycardia and neutropenia.
Salmonella enterica 2013 West Bengal 278 _ Acute watery diarrhea Food served at a Stool specimens were positive Mutton-ghogni [110]
serovar funeral reception for V. parahaemolyticus.
Weltevreden and
Vibrio fluvialis
Hepatitis A 2013 Kerala 45 _ Acute illness with fever orloss - All eight blood samples tested Pipe water [111]
of appetite followed by were positive for IgM HAV. contamination
yellowish discoloration of
sclera or urine
Hepatitis E 2013 Uttarakhand 240 a Jaundice, Dark urine, fever, History of leakages in Out of 13 serum samples, 10 Sewage contamination [112]
pain in abdomen, vomiting, drinking water were found positive for HEVIgM  of drinking water
and loss of appetite pipelines and antibodies and three cases had
overflowing drains in IgM antibodies for both HAV
the area. and HEV.
Vibrio cholerae O1 2013 Andhra 138 1 Acute diarrhea as the Report of a cluster of Five rectal swabs were positive Overhead water tank [113]
Pradesh occurrence of > 3 loose stools diarrheal disease for V. cholerae O1 El Tor. Five
in a da among residents of water samples had the Most
Medipally to the state ~ Probable Number (MPN) count
surveillance unit. higher than the permissible
level.
Hepatitis E 2013 Punjab 159 1 Jaundice, anorexia, nausea, An increase in All 14 were positive for anti- Contamination of the [114]

vomiting, abdominal pain, or
fever

jaundice cases

HEV IgM and negative for anti-
HAV IgM.

municipal drinking
water supply with HEV

(continued on next page)
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Table 1 (continued)

Causative/suspected Year Region/State No. of cases No of clinical symptoms The event Clinical and food samples Possible source Ref
pathogen deaths investigated
Bacillus cereus 2015 Tamil Nadu 36 _ Diarrhea (>3 loose stools in Political rally Stool samples showed no growth ~ Food (Lemon rice) [115]
24 h) or vomiting of enteric pathogens.
Hepatitis A 2016 Kerala 53 _ Acute onset of illness withany ~ An unusual The water samples had shown Pipe water [116]
of the symptoms of abdominal ~ occurrence of acute growth of Escherichia coli. Stool contamination
pain, vomiting, diarrhea gastroenteritis in samples had not shown any
with/without fever Ashramam growth.
Salmonella Paratyphi A 2016 Himachal 43 _ Fever, malaise and loss of Salmonellae were isolated from Not identified [117]
var Durazzo Pradesh appetite blood samples of clinical
suspects of enteric fever or
pyrexia of unknown origin
during the next 7 months period.
Hepatitis A 2016 Kerala 223 _ An acute illness with fever or Hotel food [74]
loss of appetite followed by
yellowish discoloration of
sclera or urine
Shigella sonnei 2016 West Bengal 25 _ Diarrhea/dysentery, Housewarming party About 8 stool samples were Food (Tomato salad) [118]
abdominal pain, fever, and positive for Shigella sonnei.
vomiting
Hepatitis A 2016 Kerala 562 3 Icterus or dark colored urine Unusual rise in Blood samples from the Well water [75]
along with one or more hepatitis cases suspected cases showed anti-
symptoms such as fever, loss HAV IgM positivity in 74.5 %
of appetite, fatigue, right (73/98). The water samples
upper quadrant tenderness tested.negative for HAV and
and vomiting HEV RNA.
Vibrio cholerae O1 2016 Maharashtra 889 _ Person experiencing at least Acute diarrheal Two stool samples tested Contaminated [119]
one loose stool disease outbreak positive. 16 samples from groundwater
multiple sources were positive
for fecal coliforms.
Hepatitis A and E 2016-17  Chandigarh 141 _ Acute jaundice, dark urine, Passive surveillance 141 cases were confirmed Leakage in drinking [120]
anorexia, malaise, extreme in Burail, Chandigarh  serologically for hepatitis A and  water pipeline
fatigue, and right upper E.
quadrant tenderness.
Rotavirus B 2017 Maharashtra 258 _ Occurrence of >3 loose stools Cases of acute All fecal specimens exhibited Drinking water [121]
in a day gastroenteritis were presence of RVB. The water
reported samples were positive for RVB.
Not identified 2017 Andhra 191 a >3 loose stools within 24 h Medical camp in the Stool samples showed no growth Shallow bore-wells [122]
Pradesh village of enteric pathogens. water contamination
Four drinking water samples
from bore-wells indicated faecal
contamination.
Not identified 2017 Uttar Pradesh 70 2 infant three or more loose stools or IDSP District All seven stool culture Contaminated well [123]
deaths vomiting within 24 h Surveillance specimens were negative for water
2 infant Three or more loose stools or V. cholerae
deaths vomiting within 24 h.
Vibrio cholerae O1 2018 Mabharashtra 104 _ Loose stool with/out vomiting ~ Cholera was detected The water sample were found to ~ Well water [124]

and fever

in the stool sample of
a 3-year-old child
from a slum area

be negative. Two stool samples
were reported to be positive.

(continued on next page)
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Table 1 (continued)

Causative/suspected Year Region/State No. of cases No of clinical symptoms The event Clinical and food samples Possible source Ref
pathogen deaths investigated
Vibrio cholerae O1 2018 Delhi 129 _ >3 loose stools within 24 h North Delhi district 6 stool samples tested positive. Untreated municipal [125]
surveillance unit of water
the IDSP identified a
laboratory-confirmed
cholera outbreak
Enterotoxigenic 2018 Mabharashtra 75 _ Vomiting or diarrhea (i.e., >3 ~ Wedding ceremony No pathogens were isolated Food (Carrot pudding) [50]
Staphylococcus loose stools within 24 h) from the food samples.
aureus
Not identified 2018 Punjab 116 _ Case as vomiting or >3 loose An acute All three water samples showed  Food (Mixed [126]
feces in 24 h plus abdominal gastroenteritis coliform contamination. vegetables)
pain and/or fever outbreak
Salmonella enterica 2018 Tamil Nadu 7 _ Fever with abdominal pain, Eating in the About 7 blood culture cases Roadside eatery Food [127]
serotype Typhi diarrhea or vomiting restaurant confirmed ceftriaxone-resistant (chicken gravy)
Salmonella Typhi cases.
The serum samples of the
restaurant workers were
negative by Widal testing, and
all stool samples showed no
growth of Salmonella Typhi on
culture.
Vibrio cholerae O1 2018 Maharashtra 195 _ More than three loose stools - V. cholerae O1 Ogawa was Well water [128]
occurring within a day isolated from five referred faecal
samples.
Enteropathogenic E. 2019 Maharashtra 291 _ Diarrhea, abdominal cramps, Religious community Stool samples showed growth of ~ Food (Green gram) [129]
coli/Salmonella fever with chills, and lunch L
spp vomiting.
Vibrio cholerae 2019 Haryana 196 2 Case as a person >1 year of Death due to acute Tested samples of water from Water from tanks [130]
age with a history of three or diarrheal disease tanks, sewage effluent and stool
more loose stools within a 24- specimens were positive for
h period V. cholerae.
Salmonella enteritidis 2019 Puducherry 33 _ Cases as those who presented Restaurant The 10 stool samples and Food (Chicken [61]
with GI symptoms shawarma sample were positive shawarma)
by culture.
Vibrio cholerae O1 2021 Gujarat 37 _ Three or more loose, watery Unusual increase in Three stool samples were Leakage in drinking [131]
stools (with or without cases of diarrhea was positive for the bacterium. water supply
vomiting) in the past 24 h reported in slum area
of Kalol town
Vibrio cholerae O1 2022 Chandigarh 118 _ Cases as those who presented A large number of One of the stool sample grew Leakage in drinking [132]

with GI symptoms

cases of diarrhea and
a suspected death as
reported through a
leading local
newspaper.

Vibrio cholera 01(Ogawa) and
twelve water samples had high
coliform counts indicating fecal
contamination.

water supply
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Fig. 1. Geographic distribution of food and waterborne outbreaks from 1980 to 2022 in India.

outbreaks have been recorded. More than 7 % of the cases were positive for HAV, and 10.4 % were positive for HEV. Among the
reported outbreaks, 56 % had known etiology. Of these positive cases, 48 % were caused by HEV, 33 % by HAV, 12 % by both HAV and
HEV, and 7 % by hepatitis B (HBV) or hepatitis C (HCV). Contaminated drinking water was identified as the common source of most of
the outbreaks [70].

The role of HEV infection associated with sporadic cases of acute viral hepatitis (AVH) and fulminant hepatic failure (FVF) has been
investigated in northern India [71]. Confirmation of HEV infection was found in 22 AVH and 8 FVF cases. HEV was the sole cause in 44
% of cases with AVH and 43.7 % of cases with FHF. Prevalence of HEV and HAV was high in the northeast region (NER) [72], however,
the transmission of HEV and HAV through food has not been thoroughly investigated. Several outbreaks of HAV have been reported in
Kerala [73-76]. However, the role of pork, poultry meat and milk in the transmission viral diseases are less investigated.

In Kerala, a cluster of acute jaundice among residents of Ernakulam district has been reported during 2016, involving 385 cases and
3 deaths [76]. This HAV outbreak was linked to the consumption of lime juice prepared by infected food handlers. The role of food
handlers in HAV transmission has been reviewed to provide substantial evidence for minimizing transmission [77]. The knowledge and
awareness of proper hygiene among food handlers has to be improved to prevent foodborne infections such as HAV [78].

In NER, it is a customary practice to store pork in chimneys for an extended period of time, and the smoked pork may not be well
cooked before consumption [79]. Less than 10 % of households have refrigeration. The prolonged storage of meats and meat products,
coupled with inconsistent electricity supply in the region, likely contributes to the contamination by enteric pathogens [80]. Moreover,
the sequence of transmission from animal-human in the NER has to be investigated in detail, particularly in the areas where farming of
pigs and the consumption of pork are very high. The majority of the people living in NER habitually consume fermented food and
soybean products, which are frequently implicated in diarrheal outbreaks caused by Bacillus cereus, Proteus mirabilis and Clostridium
botulinum [80]. Higher prevalence of S. aureus, C. perfringens, L. monocytogenes, and Yersinia enterocolitica were also detected in fer-
mented soybean, bamboo shoot, fish, milk and pork products [80].

Norovirus gastroenteritis common among hospitalized children under five years of age in NER [81]. Paragonimiasis, a foodborne
parasitic lung infection, has been reported in the NER, which spread through contaminated animal food products [82-84]. However,
people infected with Paragonimus were erroneously diagnosed with pulmonary tuberculosis and treated incorrectly [83].

3. Result
Fig. 2 illustrates the SWOT analysis performed in this study that presents an assessment of the strengths, weaknesses, opportunities,

and threats associated with various global and national health programs and prevention strategies for ensuring food safety. In India,
IDSP and the FSSAI are the important organisations, which play a crucial role in outbreak investigation and upholding the food safety
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standards. Additionally, the National Rural Health Mission (NRHM) and other mission-mode programs provide quality health care to
the rural population, including vulnerable groups. However, accurate reporting of systematic data, food and hand hygiene practices,
epidemiological and analytical outbreak reports, and monitoring of food standards in large unauthorized food sectors are the major
aspects that need to be strengthened.

Despite these challenges, numerous opportunities exist for improvement, backed by programmatic support from the Ministry of
Health. Global-level support through initiatives like G20 and SDGs 2030 goals, WHO guidance, the One Health initiative, and
availability funds might resolve several complexities. The advent of digital data management holds significant promise in under-
standing data and trends in real-time. However, emerging threats, such as the transmission of zoonotic infections to humans, anti-
microbial resistance, and unmonitored food sectors, pose hidden challenges. Additionally, the diverse food practices of various
communities, including the consumption of fermented, processed, and roasted foods or mass food supply during festivals raise
concerns.

4. Discussion

There is an urgent need to establish a comprehensive, long-term surveillance system in India in response to the escalating risk of
foodborne infections and disease outbreaks. Evaluation of risk factors and contributors to contamination, and tracing the transmission
of the suspected pathogen is crucial. Recommending measures to prevent future outbreaks and fortifying food safety policies is equally
vital. This can be achieved through the acquisition of robust epidemiological findings, facilitating risk assessment of foodborne dis-
eases. The lack of precise information on the full extent and financial burden of foodborne infections is an important barrier to address
food safety concerns. The above discussed factors would help policymakers to decide on priorities for public health and utilize re-
sources accordingly [1]. Robust epidemiological data on foodborne illnesses are still lacking, especially in underdeveloped nations.

5. Global Strategy for Food Safety

The WHO launched an initiative to estimate the Global Burden of Foodborne Diseases in 2006. In 2007, WHO Foodborne Disease
Burden Epidemiology Reference Group (FERG) to lead the program was established. In 2015, WHO evaluated the ‘Global burden of
foodborne diseases" and published a report on ‘Global burden of foodborne diseases’ for the first time [1]. Six task forces were
commissioned systematic reviews and other published studies described the burden estimates. In addition, the burden of disease and
pilot studies were conducted in four countries (Albania, Japan, Thailand, and Uganda) [1]. However, gaps in these studies are the
major hurdle in estimating the foodborne disease burden, as some are country specific.

The global and regional estimates provided by FERG offer an interim solution. However, improved surveillance and laboratory
capacity is important for the better management of outbreaks. The highest burden per population was observed in Africa, followed by
South-East Asia. Detailed data on the economic costs of foodborne diseases in developing countries are unaccounted. The WHO
Department of Food Safety, Zoonoses and Foodborne Diseases (FOS) took the initiative, enabling policy-makers and other stakeholders
to set appropriate, evidence-based priorities in food safety [85]. In collaboration with multiple international partners, FOS launched a
strategic framework to estimate the global burden of foodborne diseases. This strategy presents three principal goals; (i) to advocate

STRENGTHS WEAKNESSES

1. Robust national programs: IDSP and
FSSAI effectively handle outbreak

mvestigation and maintain food safety

1.  Underreporting: Many cases remain
unreported, obscuring the true extent of the
1Ssue.

standards 2. Data limitations: Lack of systematic data
2. Scalable initiatives: NRHM and others hampers efficient analysis and response
offer widespread reach to address the 3. Hygiene practices: Poor adherence to food

issue effectively and hand hygiene poses significant risks

4. Limited research: Insufficient outbreak
publications and analytical studies hinder
knowledge growth.

Unmonitored food sectors: Unauthorized

3. Programmatic backing: Mmistry of
Health provides support for

improvement /
THREATS ‘

1. Zoonotic diseases: Transmission of amimal diseases

n

food sectors lack adequate safety oversight

OPPORTUNITIES
to humans presents a growing risk

2. Antimicrobial resistance: AMR renders antibiotics 1. Global initiatives: G20, SDG 2030,

neffective, posing serious health risks WHO, One Health, and funding provide
3. Unmonitored sectors: Food safety in unauthonzed avenues for improvement

sectors remains a major concem 2. Digital data management: Real-time
4. Diverse food practices: Traditional practices like data and trends can enhance

fermented, processed, and roasted foods require understanding and response.

careful monitoring for safety

Fig. 2. Strategic evaluation of current trends, situation, and control measures for foodborne and waterborne diseases in India: A SWOT analysis
Unveiling risks and opportunities in outbreak response.
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risk-based food safety systems, (ii) to develop science-based measures to prevent exposure to hazards through food, and (iii) to assess
and communicate foodborne risks [86].

WHO Global Foodborne Infections Network (GFN) promotes capacity building to detect, control, and prevent foodborne and other
enteric infections from farm to table [87]. GFN also conducted several trainings for laboratory-based identification important food-
borne pathogens, mostly in developing countries. Food and Agriculture Organization/WHO International Food Safety Authorities
Network (INFOSAN) is a global network of national food safety authorities that was established in 2004 as a platform for sharing
information about food safety issues and best practices. INFOSAN assists Member States in managing food safety risks, and sharing
information during food safety emergencies to prevent the spread of contaminated food among countries [88].

The Foodborne Diseases Active Surveillance Network (FoodNet) is a collaborative mission among CDC, the US Department of
Agriculture and the Food and Drug Administration (FDA), and the seven Emerging Infections Program (EIP) sites [89]. The EIP collects
data from 10 US States relate to the spread of enteric pathogens through food. Available information in the CDC FoodNet showed
Campylobacter (88 %) was the most frequently identified pathogen, followed by Salmonella, Shigella, E. coli 0157 and Listeria [89]. A
similar active surveillance network is needed in each country to have a true burden of foodborne pathogens so that appropriate
intervention can be implemented at an early phase.

6. Food safety efforts in India

Government of India has three Ministries related to food and waterborne disease control programmes and missions; Ministry of
health and family welfare (MoHFW), Ministry of drinking water and sanitation and Central pollution control board. IDSP, FSSAI and
NRHP are functioning under the MoHFW. Fig. 3 illustrates the organogram of the structural framework of the disease control programs
implemented by the Government of India.

FSSAI was established in 2006 under the MoHFW, is responsible for protecting and promoting public health by regulating and
supervising food safety [90]. FSSAI functions as (i) to maintain science-based standards for different food items, (ii) regulation of
manufacture, storage, distribution, import, and sale of food and (iii) expedites the safety of food in the country. Twenty referral food
laboratories, in 72 State/UT food testing laboratories located throughout India and 206 National Accreditation Board for Testing and
Calibration Laboratories (NABL) -accredited private laboratories are notified by the FSSAI. Apart from the policy decision for food
safety, FSSAI also grants food safety licenses and certifications for food businesses. However, small manufacturers, retailers, and
hawkers are not controlled by the FSSAI regulations. These segments might greatly contribute to the unorganised food supply and
compromise the quality. Due to low sales price, population prefers and procure foods from these segments. There are only 377 products
listed in the FSSAI regulations, whereas other countries have over 10,000 standards. FSSAI is not involved in any survey activities for
the enforcement of the Act and does not have any database on food businesses.

IDSP under the National Centre for Disease Control (NCDC), MoHFW, was launched in 2004 reports only a foodborne illness
outbreak network [91]. Weekly surveillance data on 18 epidemic-prone diseases, including viral hepatitis, are being collected through
this program. The block and district rapid response teams initiate a coordinated activity that includes sample collection, processing,
and pathogen identification on the laboratory side; outbreak confirmation, field investigation, and identification of the
epidemiologically-linked source of the outbreaks. IDSP portal also receives, disseminates and monitors continuous alerts about out-
breaks of diarrheal diseases, including cholera and foodborne gastroenteritis outbreaks from different parts of the country. However,
no systematic surveillance programme for foodborne illness is available in India.

Few mission mode national programs like the National Rural Drinking Water Programme (NRDWP), Total Sanitation Campaign,
Swachh Bharat Mission, program etc., are part of several public health programs. Besides, the Indian Council of Medical Research
(ICMR) assists the states in outbreak investigations and strategies for timely diagnosis and prevention of several diseases. National

Roovermment of
[ ! ; 1
Ministry of Health and Family A Ministry of Jal Shakti (MoJS) Ministry of Environment, Forest and
Welfare (MOHFW) ez Department of Drinking Water & cpcs Climate Change (MoEFCC)
Sanitation (DDWS) Central Pollution Control Board
(CPCB)
National Centre for Disease Control National Health Mission (NHM) Jal Jeevan Mission (JIM)-Har Ghar National Water Quality
(NCDC) Jal e 4484 stations
* Monitoring Programme b
l (NWMP) across the country

Integrated Disease Surveillance 3
Project (IDSP) h- 4

I Drinking Water
e (NI

- Monitoring of Indian
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Fig. 3. Organogram of the structural framework of the disease control programs implemented by the Government of India.
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Water Quality Sub-Mission (NWQSM) under Ministry of Jal Shakti ensures the safety of drinking water. Water quality monitoring
involves testing of water samples through IDSP laboratories (coliform count, test for arsenic and heavy metals) [https://jalshakti-
ddws.gov.in/sites/default/files/JJM_Operational Guidelines.pdf (Assessed on December 21, 2023)].

The NRHM, an umbrella programme launched by the MoHFW has a component in ensuring sanitation and hygiene i.e., “Total
Sanitation Campaign”. This mission has been implemented in 350 districts of the country and the coverage will be completed in next 2
years. [https://nhm.gov.in/WriteReadData/1892s/nrhm-framework-latest.pdf. (Assessed on December 21, 2023)]. In 2014, the
Swachh Bharat Abhiyan, program was commenced, to create awareness about sanitation and its linkage with public health. The other
goal of this program is to eradicate the practice of open defecation in India, which causes major water contamination [https://www.
pmindia.gov.in/en/major _initiatives/swachh-bharat-abhiyan/(Assessed on December 21, 2023)].

MoHFW & State Governments also carry out regular information, education & communication activities through various channels
regarding prevention and control of diarrhea through the National Health Portal of India [https://nhm.gov.in/(Assessed on July 19,
2024)]. Intensified Diarrhea Control Fortnight/Defeat Diarrhea (D2) initiative was implemented during pre-monsoon/monsoon
season with the aim of ‘zero child deaths due to childhood diarrhea’ since 2014. NHM promotes maintaining hygiene and cleanli-
ness especially proper hand washing, household and environmental sanitation, proper disposal of wastes, safe and adequate drinking
water, food safety, ORS and Zinc use for initial prevention of acute diarrhea, and seek timely care if someone falls sick. Such messages
are also disseminated through the National Health Portal of India.

The National One Health Mission in India is an innovative endeavour recently undertaken by the Government of India to undertake
health issues through a holistic and unified strategy. Its primary objective is to foster synergistic endeavours among different sectors,
and to enhance the efficiency and adaptability of the healthcare system. The focus of the mission is to develop strong teams for medical,
veterinarians, and other pertinent stakeholders through different training programs, including zoonotic disease management, envi-
ronmental health and the One Health approaches so that emerging infections can be controlled effectively.

While it is challenging to fully comprehend the overall spread of infections within the livestock population and the environment, it
is crucial to systematically collect data on foodborne infections. This entails implementing comprehensive surveillance across humans,
animals, food, water, and the environment through hospital, animal husbandry, market, and community surveillance, along with
outbreak investigations. This approach will help in the timely identification of pathogens originating from food, animals, and the
environment. Assessing the burden of disease, including outbreaks, illnesses, hospitalizations, deaths, and annual incidence rates has
to be focused as major components of the surveillance program. Fig. 4 illustrates the work plan for the survey, outlining the steps taken
to systematically generate data on foodborne pathogens and enhance food safety practices in India.

7. Conclusion

Although different initiatives have been taken, the incidence of outbreaks as well as emerging pathogens are on the rise due to

GIS mapping
| € Repository

Before and after

festival investigation

‘ Outbreak investigation

Samples Collected from NCDC linked health care Facilities
&
Person seeks health care Facility

Infected person, food handler in the community

Q ii [Community Survey]

Total load of infections circulating within the population from apparently
healthy/asymptomatic animal husbandry and environment

Fig. 4. Work plan for the Survey to capture the burden of illness.

13


https://jalshakti-ddws.gov.in/sites/default/files/JJM_Operational_Guidelines.pdf
https://jalshakti-ddws.gov.in/sites/default/files/JJM_Operational_Guidelines.pdf
https://nhm.gov.in/WriteReadData/l892s/nrhm-framework-latest.pdf
https://www.pmindia.gov.in/en/major_initiatives/swachh-bharat-abhiyan/
https://www.pmindia.gov.in/en/major_initiatives/swachh-bharat-abhiyan/
https://nhm.gov.in/

V. Albert et al. Heliyon 10 (2024) e36344

environmental changes, use of bio-fertilizers, trans boundary trades of food animals, antimicrobial resistance etc. Hence, a national
surveillance system is a pressing need now, as this would provide strong data support to make appropriate policy changes to reduce
foodborne diseases. The burden of zoonotic and other foodborne illnesses is significantly huge, yet remains as a neglected public health
problem. It is not feasible to completely eliminate pathogenic organisms from animals and raw products. However, the occurrence of
zoonosis can be minimized by applying high standards of hygiene in all the steps of the food production chain. Laboratory-based
surveillance strategies can enhance the public health food safety infrastructure. For this, a higher degree of integration between
medical and veterinary surveillance is needed. Integrated laboratory surveillance of foodborne pathogens would provide policymakers
and other stakeholders with scientific information and recommendations in minimizing the risks of foodborne infections. Finally,
implementing basic and applied research on the causative agents of foodborne infections is crucial for their prevention and control.
Awareness programs, hand hygiene, and proper sanitation may complement future surveillance programs.
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