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FOREWORD

Antimicrobial resistance (AMR) has been recognized as a serious health concern for both humans and
animals. Various sectors contribute to development of AMR in different environmental pathways involving air,
soil and water, and subsequently transmitted to humans and animals. This environmental component of AMR
has been acknowledged as critical globally. Therefore, understanding the environmental dimension of AMR is
imperative towards reducing the incidence of AMR in a country like India burdened with infectious diseases.

In the present report, ICMR-National Institute of Cholera and Enteric Diseases has correlated the development
of AMR in humans, animals, involving different environmental dimensions, within the concept of ‘One health’.
Through explanatory sequential design, the report has assessed the present state of AMR incidence in India
and identified the scopes for improvement in policy, institutions, research and innovation to tackle the
environmental dimension of AMR in the country.

This report highlights sector specific roadmap emphasizing the key actions that may be considered to address
the identified policy, institutional, and capacity gaps as medium to long term goals. | believe these
recommendations will be effective in containing AMR in the various sectors as well as for the suitable
improvements of the existing policies, as may be necessary.

| sincerely thank the United Nations Environment Programme (UNEP) for funding the project and congratulate
the entire research team from ICMR-NICED for preparing such an effective document to enable future
research, policymaking, developing India’s leadership in AMR containment and AMR stewardship.
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Prof. (Dr.) Balram Bhargava
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Antimicrobial resistance (AMR) is a multi-faceted, complex global public health issue and has been recognized
as a ‘One Health’ concern owing to its significant linkages with human health, animals, and the environment.
Failing to address the global burden of AMR, may cause up to 10 million global deaths annually by 2050 — more
than currently die from cancer and diabetes combined.

While aspects addressing AMR from the human health perspective have received much attention, focus on the
environmental dimensions of AMR has been limited. The United Nations Environment Assembly (UNEA) has
recognized that AMR is an increasing threat to global health, food security and sustainable development, and
has underlined the need to further understand the transmission channels in the development, transmission
and spread of AMR in the environment. These range from poor sanitation to waste from pharmaceutical
manufacturing and healthcare facilities to releases in animal production. The United Nations Environment
Programme (UNEP) is working to provide evidence that can inform national and global strategies and prevent
millions of deaths.

As the world enters the third year of the COVID-19 pandemic, there is broad recognition that the environment
matters to One Health more than ever. Globally, the work to tackle the challenges of human, animal and
ecosystem health using a more integrated approach has seen significant progress in recent years. Earlier this
year, UNEP joined the World Health Organization (WHO), the Food and Agriculture Organization (FAO) and the
World Organization for Animal Health (OIE) in a Strategic Framework for collaboration on AMR. The framework
sets out for the first time what these organizations will do jointly to support countries’ efforts to scale up
national responses to AMR. The approach mobilizes multiple sectors, disciplines, and communities at varying
levels to work together to foster well-being and tackle threats to health and ecosystems, while addressing the
collective need for clean water, energy and air, safe and nutritious food, acting on climate change, and
contributing to sustainable development.

India has made a historic endeavor to address the environmental dimensions of AMR with the development of
the National Action Plan on AMR (2017-2021) soon after the Global Action Plan on AMR came into action in
2015. India has also constituted the Inter-Ministerial Steering Committee on Environment and Health, where
UNEP and WHO are members, with the aim to promote research, action, and awareness on issues at the
interface of environment and health, including AMR.

This report, commissioned by UNEP with funding support from the Government of Norway, aims to collate and
analyze the available evidence from India on environmental factors that contribute to AMR risks and spread of
resistance in the environment. We hope this understanding will inform the National Action Plan on AMR, as
well as related policy and interventions more broadly.

| thank and congratulate the Indian Council of Medical Research and the entire research team at the National
Institute for Cholera and Enteric Diseases for taking up this study and for leading the way in addressing the

environmental priorities of AMR in India.
%_ai -
&
-

Shri. Atul Bagai
Head of Country Office, UNEP, India

UN Environment Programme Country Office, India
55, Lodhi Estate, New Delhi-110003

Tel +91 11 4653 2363

www.unenvironment.org
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PREFACE

It is my privilege to be the lead investigator of the UNEP funded project “Priorities for the environmental
dimensions of Antimicrobial Resistance (AMR) in India” which focuses on an important global health concern
and has indirect effect on the development and transmission of AMR. Addressing the environmental
dimension for developing antimicrobial resistance (AMR) should be the foremost priority today for taking
appropriate actions at the program or policy implementation level and optimizing the incidence of AMR.
Environment plays a vital role in the transmission of AMR genes among bacteria residing in the humans,
animals and environment. Most of the studies on AMR in India reported the resistance patterns of bacterial
strains of either animal or human origin, few studies have shown presence of resistant bacteria in
environmental samples like water, soil, sediment, etc. Through the current activity, we have the opportunity to
synthesize a state-of-the-art report documenting the environmental dimensions of AMR, which includes
important facts/information from most of the major stakeholders contributing to the environmental origin of
AMR. The report also presented an in-depth understanding of the scenario of environmental impact on AMR
and identified the knowledge gaps inviting sector-specific suitable policy recommendations. This report has
been developed through systematic review and meta-analysis and also through key informants’ interviews
(KI) of relevant stakeholders such as medical/veterinary practitioners, farmers and policy implementing
officials form different sectors across the country. Besides, the sector-specific recommendations, the report
has many short-term and long-term action points and strategic priorities for India’s National Action Plan (NAP)
on AMR, which may be of use to the policymakers to design the future plan of action.

| sincerely thank the United Nations Environment Programme (UNEP) for supporting this important study with
generous funding and extending constant support throughout the study period. | would like to congratulate the
project staff at ICMR-NICED for successfully conducting the research despite the challenges posed by the
COVID-19 pandemic, especially for conducting the Klls via meetings in both virtual and physical mode. | do
believe that this report would be useful for drafting the revised NAP of AMR and would strongly encourage
more researchers to focus their research on the environmental aspects of AMR to address the existing
knowledge gaps.

| take this opportunity to acknowledge the continuous support and cooperation extended by the experts of the
review committee in every step of planning and execution of this document. The support of ICMR for
administrative clearance is gratefully acknowledged.
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Shanta Dutta
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Food Safety and Standards Authority of India
Global Action Plan

Good manufacturing Practices

Hospital associated areas

Hospital-acquired infection

Healthcare facilities

Healthcare waste management

Hazardous quotient

Indian Council of Agricultural Research

ICAR - National Institute of Veterinary Epidemiology and Disease Informatics
Indian Council of Medical Research
Information Education and Communication
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Indian Institute of Technology

Indian Network of Fisheries & Animal Antimicrobial Resistance
Infection prevention and control

Knowledge, attitude and practice survey

Key informant interview

Multiple Antibiotic Resistance

Multi drug resistance

Memorandum of Understanding

Methicillin resistant Staphylococcus aureus
Ministry of Environment, Forest and Climate Change
Ministry of Health and Family Welfare

Marine Products Export Development Authority
National Animal Disease Control Programme
National Animal Disease Referral Expert System
National Action Plan

New Delhi Metallo beta lactamase-1

National Residue Control Plan

National List of Essential Medicines

World Organization for Animal Health

Polycyclic aromatic hydrocarbons

Power of hydrogen

Pan drug resistance

Plant Growth Promoting Rhizobacteria
Population- Intervention- Comparison -Outcomes
Pharmacokinetics-Pharmacodynamics
Pharmaceutical and Personal care products
Personal Protective Equipment

Preferred Reporting Items for Systematic Reviews and Meta-Analyses
Responsible Antibiotic Manufacturing Platform
Risk quotient

State Pesticide Testing Laboratory

Sewage treatment plant

Total suspended solids

Total dissolved solids

United Nations Environment Programme

United States Agency for International Development
Veterinary Critically Important Antimicrobials
Veterinary Highly Important Antimicrobials
Vancomycin-resistant S. aureus

Water, Sanitation and Hygiene

Wastewater based epidemiology

World Health Organization

Wastewater treatment plant

Extensively drug resistance

Zero liquid discharge



Antimicrobial resistance (AMR) is an evolving ‘One
Health' issue affecting human and animal mortality
and environmental health, and causing global
economic losses. The issue is becoming even more
serious as the development of novel antimicrobials is
slowing down. The environmental dimension of AMR
notonly includes human health but also animal health
and environmental (water, soil, and, increasingly,
air) health, and their interactions with each other.
Therefore, a multisectoral engagement is always
required for the containment of environmental AMR.
In view of the seriousness of the problem of AMR, the
sixty-eighth World Health Assembly (WHA) came up
with Global Action Plan on AMR (GAP-AMR) in 2015.
This action plan streamlined the major objectives and
outlined the activities to be adopted by the nations.
In addition, the WHA also urged the member-states
to develop their National Action Plan on AMR (NAP-
AMR) in line with the GAP-AMR. In keeping the same,
India developed the National Action Plan on AMR in
April 2017, that focused on six strategic priorities —
(i) improving awareness and understanding of AMR
through effective communication, education and
training; (ii) strengthening knowledge and evidence
through surveillance; (iii) reducing the incidence
of infection through effective infection prevention
and control; (iv) optimizing the use of antimicrobial
agents in health, animals and food; (v) promoting
investments for AMR activities, research and
innovations; and (vi) strengthening India’s leadership
on AMR.

Environmental AMR in India

The ‘One Health' approach to AMR recognizes the
interlinkages between human health, animal health
and the environment. This is pertinent to India where
incidences of antimicrobial resistance are gradually
increasing in all three sectors. However, limited
research on AMR, and the absence of sufficient data
are major barriers to develop an understanding of the
actual magnitude of AMR in the different sectors in
the country.
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AMR bacteria in the environment

Soil and water are the major environmental
reservoirs and modes of transmission of AMR
bacteria in humans and animals. Water (ground and
surface water), especially, is getting more attention
for spreading antibiotic-resistant bacteria (ARBs)
and antibiotic-resistant genes (ARGs). However, only
a few studies have reported the presence of AMR
bacteria/genes in the environmental samples. AMR
bacteria from various sources like pharmaceutical
effluents, biomedical waste and effluents, waste
and litter from poultry and livestock farms, and
slaughterhouse waste either directly contaminate the
aquatic environments or contaminate the soil. AMR
bacteria are eventually transferred to surface water
through runoff or to groundwater through leaching.
Some studies have also reported the presence of
AMR bacteria in hospital wastewater and in water
bodies adjoining the hospitals. The presence of
AMR bacteria was also reported in the river waters
of Cauvery and Yamuna, where third-generation
cephalosporin-resistant E. coli and extended-
spectrum B-lactamase (ESBL) producing gram-
negative bacteria were detected. Third-generation
cephalosporin-resistant E. coli bacteria were
detected in groundwater and surface water samples
from three places (Kashmir, Sikkim and Hyderabad)
in the country. Existing literature on environmental
AMRin India alsoreports the application of antibiotics
along with pesticides in plant agriculture. The use of
antibiotics alongside pesticides, in the production of
cotton, rice, fruits, vegetables, cereals, oilseeds and
pulses in the states of Haryana, Uttar Pradesh, and
Punjab is mostly frequently reflected in literature.

AMR in human health

The scoping review conducted for this study revealed
that several gram-positive and gram-negative
bacteria that cause serious public health issues are
resistant to a varied group of antimicrobials. Among
gram-positive bacteria, isolates of Escherichia coli,
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Klebsiella pneumoniae, Acinetobacter baumannii,
and Pseudomonas aeruginosa were found to be
resistant to fluroquinolones and third-generation
cephalosporins. Carbapenem resistance was
reported in Acinetobacter baumannii, Klebsiella
pneumoniae, Pseudomonas aeruginosa, and E.
coli. As A. baumannii is resistant to carbapenem,
another last-resort antibiotic called colistin is often
used for treatment. Thus, resistance to colistin has
also emerged. The mortality among Indian patients
from exposure to both carbapenem and colistin-
resistant K. pneumoniae is quite high. Among the
gram-positive bacteria, Staphylococcus aureus and
Enterococcus faecium were found to be resistant to
methicillin and vancomycin, respectively. Salmonella
sp. and Shigella sp. also exhibited resistance to
ciprofloxacin, ceftriaxone, and co-trimoxazole, while
Vibrio cholerae exhibited resistance to tetracycline.

AMR in the poultry, livestock and aquaculture
sectors

Antibiotic use in the poultry and livestock sectors
are a very common practice in India. Many critically
important antimicrobials used in human medicine
are also applied for the treatment of animal diseases.
In poultry, evidence of resistant bacteria is available
fromall overthe country. Most of the studies reviewed
have reported that the resistant bacteria came from
chicken meat. Only a few studies have found AMR
bacteria from the environment surrounding poultry
production. The major resistant bacteria that were
reported are E. coli, Salmonella spp., S. aureus,
Campylobacter jejuni, K. pneumoniae. These bacterial
isolates exhibited resistance to various antibiotics,
such as chloramphenicol, tetracycline, ciprofloxacin,
erythromycin, gentamicin, azithromycin, co-
trimoxazole, trimethoprim, amikacin, meropenem,
cefotaxime, and ceftriaxone.

Clinical and subclinical bovine mastitis is one of the
major problems plaguing the dairy sector. Studies
have reported Staphylococcus aureus as the major
etiological agent of bovine mastitis. Researchers
have also found other resistant bacterial strains like
E. coli, Listeria sp., Proteus sp., and Candida sp. in
the environment surrounding dairy production. All
these bacterial isolates from the dairy sector showed
resistance against ceftriaxone, oxytetracycline,
chloramphenicol, penicillin G, piperacillin, oxacillin,
ceftriaxone, ampicillin, amoxicillin—clavulanic acid,
and nalidixic acid. Studies have also reported the

prevalence of ESBL producing E. coli isolates in the
fecal samples taken from healthy pigs.

Many studies on the aquaculture sector have
reported the prevalence of AMR bacteria and their
resistance pattern. Bacterial isolates collected
from fishes and other aquaculture products from
the aquaculture environment, such as water,
soil, and sediment, were found to contain E. coli,
Vibrio cholerae, V. parahaemolyticus, V. vulnificus,
Klebsiella pneumoniae, Salmonella spp., Aeromonas
hydrophila, A. caviae, A. enteropelogenes, A. punctata,
A. aquarorium, Pseudomonas spp., Edwardsiella
tarda, Enterococcus faecalis, Staphylococci aureus,
S. haemolyticus, S. epidermidis, S. saprophytics,
S. intermedius, and W. Resistance against several

antibiotics  like  tetracycline, co-trimoxazole,
rifampicin amoxiclav, ampicillin, erythromycin,
gentamicin, kanamycin, nitrofurantoin, penicillin

G, streptomycin, sulphafurazole, ceftazidime, and
nalidixic acid were found.

Programmatic approach, initiatives, and national
capacity to address environmental AMR

Before the NAP-AMR came into action in 2017,
several guidelines such as amendments of the
Drug and Cosmetics Rules, the banning of certain
antibiotics in aquaculture by the Coastal Aquaculture
Authority (CAA), the Bureau of Indian Standards
(BIS) specification for poultry feed, and advisory
of the Department of Animal Husbandry, Dairying,
and Fisheries, already existed, either setting a
permissible limit for antibiotic residues in discharges
or recommending the prudent use of antibiotics in
different sectors. The Indian Council of Medical
Research (ICMR) had also initiated the Antimicrobial
Resistance Surveillance and Research Network
(AMRSN) in 2013, before GAP-AMR had even come
into existence.

After the introduction of NAP-AMR, the Government
of India became more proactive in formulating
guidelines and laws, and initiating surveillance
programmesinpublicandanimalhealthforoptimizing
antibiotic-use as well as containing environmental
AMR. In the public health sector, several initiatives
to contain AMR, such as the National Programme
on AMR Containment, developed by the National
Centre for Disease Control (NCDC) in 2012, the
Antimicrobial Stewardship Programme (AMSP) in
2018, Treatment Guidelines for Antimicrobial Use in



Common Syndromes in 2019, National Guidelines
for Infection Prevention and Control in Healthcare
Facilities in 2020, were introduced. Likewise, in the
animal health sector, several programmes were
initiated and guidelines were implemented, like the
National Animal Disease Control Programme in
2019, the gazette notification of Ministry of Health
and Family Welfare (MoH&FW) to stop using colistin
and its formulations for food-producing animals,
poultry, aquafarming, and animal feed supplements,
the revised list of antibiotics for veterinary use
issued by the Food Safety and Standards Authority
of India (FSSAI) in 2019, the National Residue Control
Plan (NRCP) issued by the Marine Products Export
Development Authority (MPEDA) for exportable
aquaculture products to EU countries, a ban on the
use of certain antibiotics, issued the by Coastal
Aquaculture Authority, and the establishment of the
Indian Network of Fisheries & Animal Antimicrobial
Resistance (INFAAR) for documenting AMR and
resistance patterns in different sectors. However,
in the human and animal health sectors, very few
guidelines for reducing antimicrobial pollution
in the environment, like the biomedical waste
management rules issued in 2019, and the gazette
notification of the Ministry of Environment, Forest
and Climate Change (MoEF&CC) in 2020, that set
the permissible limit for antibiotic residues in the
effluents discharged by the pharmaceutical industry.
Recently, a new collaborative platform has been
launched in India by the joint venture of Stockholm
International Water Institute (SIWI) and Shawview
Consulting. The platform is called ‘Responsible
Antibiotic Manufacturing Platform (RAMP)’ which
aims to combat environmental AMR by reducing
antibiotic emission from the manufacturers.

Major gaps identified from the scoping review on
containing environmental AMR in India

Containing environmental AMR in India is quite a
challenging endeavor as the healthcare facilities are
insufficient in comparison to the burden of infection.
The major gaps identified through the scoping
review are — (1) AMR is insufficiently addressed
in the national health agenda, even though the
incidences of antimicrobial-resistant infections in
India are quite high; (2) there is insufficient research
on the environmental aspects of AMR in the different
sectors; (3) the implementation of the existing
guidelines and policies for AMR containment has
so far been inadequate; (4) there is irrational use
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of antibiotics in the health sector; (5) laboratory-
based strong surveillance for AMR is inadequate;
(6) Water Sanitation and Hygiene (WASH) system
within the communities is poor and there is a lack
of proper knowledge on infection prevention; (7)
there is a huge risk of financial loss in the livestock
sector if antibiotic-use in that sector is prohibited
overnight; (8) there is a lack of sufficient research
and technological innovation on developing
alternatives to antibiotic growth promoters; (9)
there is an absence of research and technological
intervention for the monitoring and containment of
environmental AMR; and (10) there is a lack of multi
sectoral coordination for the tracking and collection
of AMR database.

The way forward and specific action points

As the health system comes under the purview
of the state government, it is often difficult to
allocate funds separately for the implementation of
national policies managing many other schemes.
Therefore, a liaison between the authorities at the
state and national levels is the primary requisite for
addressing AMR. Specific committees that include
representatives from the different governmental
departments, practitioners, farmers’ associations,
and institutes must be constituted to make
concerted efforts to address the knowledge gaps
from the lower level (practitioners and farmers) to the
higher level (policymakers). Such a system will also
ensure that policies formulated at the higher level
can percolate to the lower level. As the ‘One Health’
approach calls for the interlinking of the sector-
specific issues of human, animal, and environmental
health, a steering committee governed by a national-
level administrator, with representation from the
sector-specific committees, to address their issues
and to come up with suitable policy intervention
and governance, must be established. However, the
policies should focus on short-term and long-term
action points, some of which have been detailed
below. The short-term action points include:

« Institutional and regulatory strengthening for
improved effluent treatment and handling in
sectors.

* Inclusion of residual antibiotic management in
environmental policies and guidelines from the
perspective of both manufacturing and use of
antibiotics.

+  Provision of subsidy or incentives to farmers
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for encouraging them to adopt alternatives to
antibiotic growth promoters

Enhanced participation of pharmaceutical
companies towards sustainable antibiotic
manufacturing practices

On the other hand, the long-term action points
include:

Rational use of antibiotics in both humans and
animals

Multisectoral engagement for tracking and
collection of AMR data from human health,
animal health and the environment, applying the
‘One health’ approach

Development of strong surveillance to
monitor antibiotic residues and transmission
of AMR bacteria from healthcare facilities,

pharmaceutical effluents, food animals, water
etc.

+  Promotion of more research and technological
innovation to optimize the use of antibiotics in
certain sectors as well as toreduce the incidence
of AMR

+ Making the engagement of microbiologists
and environmental specialists in the sectors
contributing to environmental AMR mandatory,
for time-to-time monitoring and reporting of the
resistance pattern of the different bacteria in the
environmental samples

Collectively, these approaches can enable us
to strengthen India's leadership in containing
environmental AMR as well as achieving AMR
stewardship.
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1| Scope of the report

1.1 Purpose, objectives and scope of this report

Antimicrobial Resistance (AMR) is a rapidly emerging
global concern as antimicrobial agents (commonly
called antibiotics in this report) are becoming
increasingly ineffective against disease-causing
microorganisms. AMR has been recognized as a
‘One Health’ issue owing to its linkages with human
and animal health and the environment, and requiring
a multisectoral involvement and holistic approach
for its mitigation. Since the 1940s, the large-scale
commercial availability of antibiotics revolutionized
the health care system with significant improvement
of human and animal health in terms of treating and
preventing serious infections. Gradually, the use of
antibiotics expanded from preventing infections to
promoting in the livestock-rearing sector. However,
this widespread use of antimicrobials has selected
resistance in several bacterial organisms. Some
bacteria have developed resistance to not only
multiple antibiotics but also to and even last-resort
antibiotics such as colistin.

There are several sources of antimicrobial pollution
to the environment. These sources can be direct or
indirect. Direct sources include effluents from the
pharmaceutical industry, biomedical wastes from
hospitals and healthcare facilities, expired medicines
that are improperly disposed, and antibiotics used
in soil or water for agriculture and aquaculture
activities. Indirect sources include the antibiotics
passed through treated humans or animals. The
presence of antibiotics in the environment can exert
selective pressure on bacteria that promote the
spread of AMR by horizontal gene transfer.

Considering the gravity of this public health
issue, the World Health Organization (WHO) has
constituted a dedicated advisory group on Integrated
Surveillance of Antimicrobial Resistance (AGISAR)
in 2008, to support the WHO in monitoring the use
of antimicrobials in food-producing animals and in
mitigating the impact of AMR on public health. Later
in May 2018, the WHO, the Food and Agriculture
Organization of the United Nations (FAO), and the
World Organization for Animal Health (OIE) signed a

Memorandum of Understanding (MOU) agreeing to
step up with joint advocacy to strengthen cooperation
on work related to the human-animal-environment
interface, including AMR. The WHO, in collaboration
with the OIE and FAOQ, developed a Global Action Plan
(GAP) on AMR. This tripartite coordination with the
United Nations Environment Programme (UNEP) is
also strengthening the capacity of the countries to
establishlinkages with the environmental dimensions
of the ‘One Health' approach, and augmenting multi-
stakeholder involvement to collectively combat AMR.

Following the Global Action Plan on AMR, India
has also formulated the National Action Plan for
containing AMR in 2017. This national-level endeavor
for containing AMR became more intense when the
UNEP and the WHO launched an Environment and
Health Initiative (EHI) to set up a high-level working
group/steeringcommitteeundertheco-chairmanship
of the Ministry of Environment, Forest and Climate
Change (MoEF&CC) and the Ministry of Health and
Family Welfare (MoH&FW), the Government of India.
Subsequently, MOH&FW has constituted a steering
committee comprising members from the various
ministries, departments, and international bodies
like the UNEP and the WHO. The responsibility of this
committee is to propose activities to be executed
to tackle AMR and to establish its linkages with the
environment. ICMR-National Institute of Cholera and
Enteric Diseases has been functioning as an Anti-
microbial Resistance Hub since 2019, with a broader
objective of generating evidence on public health
impacts of AMR in India, and providing appropriate
directives to tackle it through the integration of
AMR-specific programs within the ongoing national
disease surveillance program. This collaborative
study with the UNEP will enable the identification of
knowledge gaps and the scope of future studies on
AMR in the environment in the Indian context, thus
contributing not only towards developing the next
version of India's NAP-AMR for India (2022 - 2026)
but also towards developing a regional document
on AMR linkages with the environment for the Asia-
Pacific.



1.2 Rationale for considering sectoral contribution
to antibiotic pollution in the environment

The sources of antibiotic pollution can be broadly
categorized as (1) manufacturing sector, and (2)
application sectors. The Pharmaceutical sector,
especiallybulkdrugmanufacturers,is one of themajor
sources of antibiotic pollution in the environment
(Gothwal & Shashidhar, 2014). Other sources such
as the biomedical or healthcare sectors, livestock
sector, aquaculture, agriculture and households are
application sectors of antibiotics that also contribute
to significant antibiotic pollution in the environment
(Figure 1.1) (Kraemer et al, 2019). Effluents
containing antibiotic residues from pharmaceuticals
and healthcare systems, expired drugs from
households, and manure and litter from livestock
sector contaminate the environment (water and soil)
through various modes. In addition, the application
of antibiotics in aquaculture and plant agriculture
directly pollutes water and soil. All these sources
of antibiotic pollution result in the development of
antibiotic resistance among different bacteria in the
environment. These resistant bacteria present in
the environment are transmitted to humans through

Hospital acquired
infection through
transmission of
AMR bacteria

Pathways of
environmental
transmission of

AMR bacteria

Pharmaceuticals Bio-medical sector

o)
2
o
=
=
3
2
=
=
c
Q
o

(]
som
—
+

Household

&

ENVIRONMENTAL DIMENSION OF AMR

contaminated food, drinking water or recreational
water, and cause serious health issues which may
prove to be lethal owing to the failure of administered
antibiotics. Therefore, the present scoping review
has focused on these sectors to explore their role
in developing environmental AMR in India as well as
possible interventions to counter their impacts.

1.3 Methodology of the study report

1.3.1 Methodology of the scoping review

In the scoping exercise, we have tried to map the
available studies on AMR published in the last 10
years (from 2011 to 2021) in the Indian context.
We have also identified the evidence gap and
subsequently developed a study tool to address
the evidence gap. For this systematic review
and meta-analysis, modified PICO (P: Patient or
Population, I: Intervention or Phenomena or Interest,
C: Comparison or Context, O: Outcome) inclusion or
exclusion criteria has been applied, followed by the
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) protocol. The approach
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Figure 1.1: Rationale for selecting different domains for searching AMR literature
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follows 5 methodological stages as stated below:

(A) Searching for relevant studies and application of
modified PICO inclusion/exclusion criteria

(B) Selecting studies using PRISMA protocol
(C) Extracting data

(D) Collation, summarizing and reporting of the
study results

(E) Undertaking consultations with stakeholders
(different domain experts)

Stage A. Searching relevant studies and application
of inclusion / exclusion criteria:

The studies which were considered eligible for review
fulfilled the following criteria (Table 1.1):

Databases:

Relevant studies were retrieved by searching
the following electronic databases of published
literature: PubMed/Medline, Google Scholar, Scopus,
Embase, and Index Medicus. The search strategies

are presented in Table 1.2.

Table 1.1: Modified PICO inclusion and exclusion criteria (Naylor et al., 2016)

Criteria Inclusion
Human
) Animals
Population
Plants

Incidence of AMR in all the populations

Exclusion

Not applicable

Intervention

All the existing interventions

Policy documents and guidelines

Not applicable

Environment

Transmission of AMR through
different wastes and effluents

Comparison Not applicable Not applicable
+  AMR impact on human health
+  AMR impact on animal health

Outcomes -+ Different AMR pathways in the Not applicable

Literature types

Mention of Antibiotic/antimicrobial
or AMR must be in place

Articles that reported the
prevalence of antibiotic resistance
among clinical pathogenic bacteria
isolated from humans, animals, or
the environment

Articles that reported AMR in humans,
animals, and the environment but that
did not report any prevalence data will
not be included in the meta-analysis.

AMR in all the ecological (plain land,
coastal area, dry land, hilly region,
forest, industrial area) area will be
included.

Articles reported the results of

the in-vitro study on antimicrobial
sensitivity patterns, the novel
discovery of antimicrobial-resistant
genes.

Studies conducted in India

Studies conducted outside India

Original and review articles
published in peer-reviewed
journals, brief reports, short
communications, mini-reports,
published thesis

Correspondence, letter to the editors,
unpublished documents

Study period

Publications from the year 2011
onwards

Studies published before 2011
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Table 1.2: Search Strategies of literature from different sectors

Search domain Search strategy

AMR in human/ (((((((antimicrobials) OR antibiotics) AND resistance) OR human health) OR public
animal health health) OR animal health) AND environment) AND India [Title]
(((((((((antimicrobials) OR antibiotics) AND resistance) AND biomedical waste) OR
hospital waste) OR laboratory waste) OR hospital effluents) OR pharmaceutical
waste) AND environment) AND India [Title]

(((((((((((antimicrobials) OR antibiotics) AND resistance) AND agriculture) OR
livestock rearing) OR poultry farming) OR cattle farming) OR dairy farming) OR
aquaculture) OR swine farming) OR food animals) AND environment) AND India

AMR in Waste
material

AMR in Agriculture

[Title]

Stage B. Selecting studies:

We have conducted the review process through 2
layers of screening: (1) a title and abstract review
and (2) a full-text review. For the former, the titles
and abstracts of articles retrieved in the search were
read and analyzed by two independent investigators
to identify potentially eligible articles. In the next
step, the two investigators independently assessed
the full-text articles to determine whether they meet
the inclusion/exclusion criteria. Discordant full-text
articles were reviewed a second time, and further
disagreements about study eligibility at the full-text
review stage were resolved through discussion and
full consensus. A PRISMA flow diagram was used to
organize the study (Figure 1.2).

PRISMA Flow Diagram

IDENTIFICATION

Records identified through
database searching
(n=3126)

SCREENING I

Stage C. Data extraction, charting and plotting:

A data abstraction method followed the extraction
of study attributes, including questions related to
the publication (type of publication, journal, author,
and year) and the content (title, year and place of
the research, methodology including study design,
sample size, analysis, the results, and conclusions).
Based on a preliminary assessment, we developed
parameters and themes for further extraction and
mapping of data.

Stage D. Collation, summarization, and reporting of
the study results:

In our scoping review, we have described key

Additional records identified
through other sources
(n=1262)

I_)

Records after duplicates removed
(n=4012)

£_J

Records screened (title

Records excluded

screening) —> ~
(n=4012) =iy
ELIGIBILITY
Full text article assessed Full text articles excluded
for eligibility (n=607)
(n=835) (Reason: review articles
that discussed mainly
INCLUDED global perspective of AMR
with very less information
Articles included in the on Indian scenario)
study (meta-analysis)
(n=228)

Figure 1.2: PRISMA flow diagram showing the number of documents searched, excluded, and included in
the present study
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categories, suchas AMRin humans, livestock rearing,
aquaculture, and other agriculture practices, driving
factors of AMR, major sources of antibiotic pollution
in the environment, antibiotic-resistant bacteria, and
genes in the surrounding environments. This review
of the research on environmental AMR has also
identified potential gaps and provided directives for
future research. All the collected data were digitized
in Microsoft Excel to generate a comprehensive
database. The results of this study have been
presented descriptively through tables and graphs.

Stage E. Consultation with stakeholders (different
domain experts):

A literature review on its own would not be able
to provide all the information on the AMR and
its environmental dimensions, existing policies
on antibiotic use, antimicrobial pollution, and
transmission chains in the environment. Therefore,
in order to make our report more comprehensive
and to find the gaps in the existing studies, several
domain experts/researchers who have profound
knowledge on AMR and its environmental dimensions
were consulted through stakeholders’ meetings
conducted from time to time.

The domains of experts:
+  Experts working on AMR in human/public

health/animal health

+ Experts working on AMR in solid waste/
municipal waste/pharmaceutical waste

+  Experts working on AMR in livestock rearing/
food animals/aquaculture

+  Experts working on environmental

dimension of AMR

any

+  Experts working on developing novel agents for
mitigating AMR

+  Experts having knowledge on different existing
policies/guidelines/regulations

1.3.2 Methodology to Conduct Key Informant
Interview (KII)

Key Informant Interviews (KlIs) were conducted with
stakeholders from the different sectors which are
responsible for environmental AMR - biomedical,
pharmaceutical, aquaculture, animal husbandry,
and plant agriculture. One stakeholder from each
domain, one stakeholder of three different strata; i.e.,
tier-1 (practitioner), tier-2 (executive or implementing
officer and scientists), and tier-3 (policymakers)
were randomly selected as interviewees though the
interviews wereundertakenbased ontheiravailability.
The process of Kll (Figure 1.3) was initiated with the
development of an interview schedule for each tier
of each domain, based on the findings of scoping
review of the impact of environmental determinants
on AMR in India. The interview schedule comprised
of 3 major divisions such as introduction (including
consenting with anonymous identity and essential
information of the interviewee), key questions
(including probing questions), and closing questions.
Informed consent was taken from each stakeholder
before conducting the interview, and their identity
was anonymized. Questions were asked in the
vernacular, and the response of the interviewees was
audio-recorded in the same language. Data were
organized and transcribed into text data in Bengali,
and finally translated to English. Different colors were
used to code text data based on the predetermined
areas of scoping review. The identified codes were
then clubbed under different categories to remove
redundancy. The major themes were thereafter
derived from the categories. To exhibit the group of
codes along with their leading themes in a single-
window, an Abstraction Matrix was developed from
the Kl for each dimension.

Transcript

Organize Data Preparation

Identification
of codes

Figure 1.3: Steps followed to develop Abstraction Matrix from KiIl

> Clubbing of Develgpment
of major
codes
themes
| |
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2 | Introduction of AMR

2.1 Definition

Antimicrobial resistance is the ability of microbes to
grow and multiply in the presence of antimicrobial
agents that would normally kill them or limit their
growth. Antimicrobial resistance is a major challenge
impacting human and animal lives and also causing
economic losses.

2.2 Mechanism of development of resistance to
antibiotics

Some bacteria are naturally resistant to antimicrobials.
This phenomenon is called intrinsic resistance. When
a bacterium that was previously susceptible to an
antibiotic develops resistance, it is called acquired
resistance. Antibiotic resistance can be progressed on
the basis of one of many mechanisms that can lead to
the complete or partial cessation of the antibiotic from
reaching its target in the body in one of the following
ways (Gupta et al., 2014). The different mechanisms
are presented in Figure 2.1 and in Table 2.1.

Efflux of the antibiotic out of the cell: Bacteria can
produce pumps, called efflux pumps, that sit in their
membrane or cell wall. These efflux pumps are very
common in bacteria, and can transport a variety of
compounds such as signal molecules and nutrients.

Efflux pumps

%: P

Some of these pumps can also transport antibiotics
out of the bacterium, thus lowering the antibiotic
concentration inside the bacterial cell. In some cases,
mutations in the bacterial DNA can make the bacteria
produce more of a certain pump, which in turn
increases resistance.

Decreasing permeability of the membrane: Certain
changes in the bacterial membrane make it more
difficult to pass through it. In this way, less amount
of the antibiotic enters the bacteria.

Inactivation of the antibiotic: Certain bacterial
enzymes can inactivate antibiotics. One example is
B-lactamase which destroys the active component
(the B-lactam ring) of penicillins, which are extremely
important antibiotics for the treatment of human
infections. In later years, bacteria that produce
extended-spectrum [B-lactamases, called ESBL-
producing bacteria, have become a major problem.
They can degrade a wide spectrum of B-lactam
antibiotics and even last-resort drugs available for
infections (Purohit et al., 2017).

Modification of the structure of the antibiotic:
Bacteria can sometimes produce enzymes that
are capable of adding different chemical groups to
antibiotics. This, in turn, prohibits binding between

@@

Decreased uptake %

Inactivating
enzymes

@ Target alterations E ?\L
mRNA

s 9 (D

“\\ ’/1

> GO
Alternative enzyme

Figure 2.1: Antibiotic resistance strategies in bacteria (Yuen et al., 2017)
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Table 2.1: Some of the important mechanisms of resistance to antimicrobials (Chandra et al., 2021; Dhawde
et al,, 2018; Gupta et al., 2014; Kumar et al., 2017; Liibbert et al., 2017; Saha et al., 2019; Saharan et al., 2020)

Mechanism

Typical example

Antibiotics affected

Inactivation Beta lactamases

Beta lactam antibiotics

enzyme

Aminoglycoside modifying

Aminoglycosides

Changes in target-binding
proteins

Changes in penicillin binding

Beta lactams/ Glycopeptides

Ribosomal methylation

Macrolides

DNA gyrase mutation

Fluoroquinolones

Efflux and permeability Efflux pumps

Pump specific

alteration Porin protein loss

Most antibiotics except polymyxins and
aminoglycosides

the antibiotic and its target in the bacterial cell.

Reorienting the target: Changes in the composition
or structure of the target in the bacterium (resulting
from mutations in the bacterial DNA) can stop
the antibiotic from interacting with the target.
Alternatively, the bacteria can add different chemical
groups to the target structure, thus shielding it from
the antibiotic.

Expression of alternative proteins: Some bacteria are
able to produce alternative proteins that can be used
instead of the ones that are inhibited by the antibiotic.
For example, the bacterium Staphylococcus aureus
can acquire the resistance gene mecA and produce
a new penicillin-binding protein. These proteins are
needed for bacterial cell wall synthesis and are the
targets of B-lactam antibiotics (Nagar et al., 2011).
The new penicillin-binding protein has low affinity to
B-lactam antibiotics and is, thus, resistant to drugs,
helping the bacteria survive treatment. This type of
resistance forms the basis of MRSA (methicillin-
resistant Staphylococcus aureus).

Reorienting the target and quorum-sensing:
Quorum-sensing is a cell-to-cell communication
system that exists widely in the microbiome and
is related to cell density. The high-density colony
population can generate a sufficient number of
small molecule signals and activate a variety of
downstream cellular processes.

Horizontal gene transfer: Horizontal gene transfer
allows the bacteria to exchange genetic material
within diverse species. In this process resistant
genes from one bacterial species can be transferred
to other species. The transfer of the genetic element

is mediated by three processes — transduction,
transformation and conjugation.

2.3 Facilitating factors for development of AMR
with emphasis on environmental dimensions

AMR is a multifactorial global challenge, and the
environment is a vital melting pot of drug resistance
in these pathogens. Hence, it is necessary that
all stakeholders across the world, including
environmental specialists, become involved in
various capacities to find possible solutions to
the problem of AMR. Multiple intertwined factors,
including high burden of disease, poor public health
infrastructure, lack of appropriate diagnostic support,
poor infection-control practices, and the tendency of
clinicians to continue empirical treatment practices,
have amplified the crisis of AMR in India (Barbhuiya
& Adak, 2021). Bacteria from clinical and non-clinical
settings are becoming increasingly resistant to
standard antibiotics. Conventionally, the growing
challenge against antibiotic resistant bacterial strain
development is a result of practices taking place
within the medical community, and the poultry and
livestock sectors. However, in recent years, the
agricultural sector has also contributed to the rise of
AMR. Figure 2.2 depicts antibiotic use in hospitals
in India between 2000 and 2015 (indicated in terms
of Defined Daily Dose - DDD per 1000 population).
Figure 2.3 represents the trends of resistance of
the most frequently used classes of antimicrobials
in India. The indiscriminate use of antibiotics may
additionally correlate with emergence, maintenance
and transmission of antibiotic resistant pathogenic
traces in the environment (Kumar et al., 2017).
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A number of cumulative factors, including poor
public fitness infrastructure, rising earning,
changing consumption patterns, excessive burden
of disease, and reasonably-priced, unregulated
sales of antibiotics have cumulatively created fertile
conditions for a speedy upward thrust in antibiotic
resistant infections in India. In addition to the
countrywide Action Plan (2017-2021), India has set
up a countrywide Antimicrobial Resistance Research
and Surveillance Network (AMRRSN), which is
specially focused on the surveillance of diarrhea-
inflicting bacterial pathogens, enteric pathogens,
enteric organism-inflicting sepsis, gram-negative
non-fermenters and gram-positive methicillin-
resistant Staphylococcus aureus. River water is
considered one of the major sources of AMR bacteria
due to the presence of effluents and discharge from
healthcare and sources in it.

A study conducted by Sivagami et al. (2018)
discussed antimicrobial resistance patterns and
trends of strains like P. stuartii, K. pneumoniae, E.
coli, S. typhimurium, S. flexneri and P. aeruginosa.
The study indicated that these pathogens were
resistant to 22 antimicrobials which belong to 9
distinct classes. In case of E. coli and Salmonella
spp., the highest resistance (>95%) was observed
against streptomycin while for S. aureus, the highest

resistance was observed against trimethoprim,
among other antibiotics.

The emergence and spread of multi-drug resistance
in bacterial pathogens globally constitute an
impending threat to public health (Laxminarayan
et al., 2013). Sivagami et al. (2018) reported that
around 30-80% of antibiotics given to feed animals
are excreted due to partial metabolization. It was
also reported that, animal feed containing antibiotics
that are not consumed by the animals directly
reach the soil. Compliance with the WHO Antibiotic
Stewardship Program (ASP) in public health sector,
help improve the treatment of infections and
minimize adverse drug reactions associated with
antibiotic use (Dhawde et al., 2018).

2.4 Possible solutions to contain antimicrobial
resistance

The following are some of the ways through which
antimicrobial resistance can be contained in the
environment:

+ Discovery of new antibiotics: The discovery of
newer antimicrobials has been dwindling over
the last few decades even as antimicrobial
resistance rises. Newer antimicrobials offer
more therapeutic options for the treatment of
bacterial and fungal infections.

Antibiotic use in India from 2000 to 2015 (DDD per 1000 population)
Sector: Hospital / Retail

6000
5000
4000
3000

2000
1000 v>\

Daily Defined Dose
(per 1000 population)

0
EIE .Sp.e.Ctrum Cephalosporins  Fluoroguinolones Macrolides Trimethoprim  Other antibiotics
penicillins
— 2000 691 330 492 247 332 2645
— 2005 565 375 936 234 215 2857
2010 848 1178 1019 405 230 4396
— 2015 1055 1822 762 469 186 4950
Antibiotics

Figure 2.2: Antibiotic use in India between 2000 and 2015 (indicated in terms of DDD per 1000 population)
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Resistance profile of most frequently used antimicrobials in India
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Figure 2.3: Trends of resistance of the most frequently used classes of antimicrobials in India.

Reduction of disease burden: More advanced
therapeutic treatment options must be
developed for the reduction of infectious
diseases and their burden. Improved Infection
prevention and control practices (IPC) are also
the need of the hour.

Vaccination of humans and animals: Vaccination
ensures better protection against infectious
diseases and minimizes the emergence of
antimicrobial resistance.

Antibiotic stewardship activities: Implementation
of an effective AMSP requires a multidisciplinary
approach, involving a variety of experts. The
major goals are to judiciously prescribe and use
antibiotics that are effective in treating critical
infections, protect patients from harms caused
by unnecessary antibiotic use, and combat
antibiotic resistance.
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3|

3.1 Extent of global incidence of AMR and its impacts
on human health, the economy, and development

Antimicrobial resistance (AMR) leads to an increase
in mortality, morbidity, and healthcare costs. It is
a worldwide problem that has become worse in
recent decades due to the overuse of antimicrobial
medications in human and veterinary treatment.
Antibiotic resistance can originate, evolve and
spread in several interrelated human, animal and
environmental habitats, and the health of these
adjoining habitats (the emphasis of the ‘One Health’
concept) may pose a threat to human health (Amado
et al., 2019). Due to the high prevalence of bacterial
illnesses in Low- and Middle-Income Countries
(LMICs), AMR surveillance is crucial. But conducting
AMR surveillance in resource-limited settings is
hampered by poorly functioning health systems,
limited financial resources, and a lack of competent
staff (Gandra et al., 2020). An understanding of the
human AMR surveillance efforts and progress in
LMICs will be useful in addressing the challenges
and providing guidance for other countries that are
launching these efforts, as several countries have
begun to develop National Action Plans (NAPs)
following the WHO Global Action Plan (GAP) for
containing AMR.

To establish and strengthen AMR surveillance,
several factors, including health system efficacy
and resource availability, have played a major role.
The WHO estimates that AMR operations, such
as cesarean sections, joint surgery and organ
transplants, contribute almost 4% to the global GDP.
There are inadequate public health facilities and low
government spending on health care in a majority
of the countries in the world. The health industry
has devised a number of strategies and initiatives
to tackle AMR. As per a WHO report (2018), around
154 countries around the world have been working
on framing and implementing AMR policies and
the use of antimicrobials on humans and animals,
as recommended in the GAP (2015). Although 100
countries have created their own NAPs to combat
AMR, all of them are facing practical difficulties
in implementing them due to the complexity and
internecine character of the problem (Bhatia, 2018).
Following the World Health Assembly’s (WHA)

AMR: status and initiatives to address it

approval of the WHO GAP on AMR, measures to
combat AMR were launched in numerous member
states. Several countries have started developing
and implementing initiatives to control AMR in the
human, animal, and environmental sectors (Gandra
et al., 2020).

According to World Bank Data (2018), the total health
expenditure for 8 Asian countries, like, Bangladesh,
Cambodia, India, Nepal, Pakistan and Vietnam,
ranged from 2.3% (Bangladesh & Cambodia) to 6.3%
(Nepal) of the GDP (Gandra et al., 2020) (Figure
3.1). In 2016, the US and the UK allocated 17% and
9.7% of their respective GDPs to healthcare. Limited
financial resources, lack of technical capacities and
standardized laboratory practices in Asian LMICs
may challenge AMR surveillance in these countries.
In India, Vietnam and Thailand, each state has its
own system of healthcare services, delivered by the
private and public sectors. But other abovementioned
countries have a Ministry of Health at the national
level, which is responsible for providing healthcare
facilities. Both Thailand and Vietnam have succeeded
in achieving universal health coverage for their
citizens (Gandra et al., 2020).

Initial data from AMR surveillance networks in
LMICs suggest a significant frequency of AMR,
but these data have several flaws, including a lack
of representativeness, and use of standardized
laboratory methods, and microbiological services
consumption. The private sector has an advantage
over the public sector in providing better healthcare
services, due to better governance and regulation,
accreditation of healthcare organizations with
adequately-trained and certified healthcare staff,
and lower patient load, but it may only be accessible
to the wealthier section of the population.

According to a report released by the WHO and the
World Bank Group in 2015, 400 million people across
the world lack access to vital health treatments,
resulting in significant out-of-pocket spending.
Estimates of the entire cost of AMR are unknown,
and the cost could be far greater than current best
estimates. The difficulty of determining the cost of
changes in overall resistance levels accounts for
much of the uncertainty (Bhatia, 2018).
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Countrywise Health Expenditure (2018)
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Figure 3.1: Current health expenditure (% of GDP) in 8 countries (2018)

3.2 Global initiatives to combat AMR environmental AMR at the international, national,
community, hospital, individual, and patient levels
(Uchil et al., 2014). In addition, the CDC has also
committed itself to setting goals to resist antibiotic
resistance across multiple sectors, including
healthcare, food, communities (both at the local and
national levels), and the environment Many other
leading international organizations such as World
Health Organization (WHO), World Organisation
for Animal Health (OIE), Food and Agriculture
Organization (FAQ), United Nations General Assembly
(UNGA) also recommended some approaches to
contain AMR (Table 3.1).

Antimicrobial resistance, which causes drug-
resistant illnesses, and its growing health, social,
and economic effects, are increasingly observable
on a global scale. According to the Centers for
Disease Control and Prevention (CDC), United
States collaborative initiatives such as, the rational
use of drugs, infection control and prevention,
antimicrobial surveillance, ban on over-the-counter
(OTC) antibiotics, educating and motivating people,
development of new drugs/vaccines, immunization
coverage, hand hygiene, standard treatment
programmes, new AMR programmes, can combat

Table 3.1: Global progress in containing AMR

Organization Recommended approaches to containing AMR

WHO (2011 & |+ Increased collaboration among governments, non-governmental organizations, professional
2018) groups and international agencies

New networks that undertake surveillance of antimicrobial use and AMR

Incentives for the research and development of new drugs and vaccines

Simple diagnosis tests and introduction of newer technologies help to control AMR

Training programs for unregistered and unqualified health workers

UNGA (2019) |+ Member-states have prepared and begun implementing national antimicrobial resistance action
plans based on guidance and instruments produced cooperatively by the WHO, the FAO, and the
OIE

OIE (2020) + Provide a basis for policy recommendation for animal and human health

+ ldentify the sources of antimicrobial resistant bacteria

+ Offer data for monitoring antimicrobial prescribing practices and making suggestions for
judicious use

+ Assess and determine the effects of antimicrobial resistance-fighting actions

FAO (2018) + Protect water from contamination with residues

+ Reduce environmental pollution through effective treatment of wastes, and eliminate residual
antimicrobials

+ Interms of agricultural sources, lowering the need for antimicrobial usage through better animal
health and hygiene measures is the most efficient approach to prevent antibiotic residues and
AMR bacteria from contaminating animal wastes

UNEP +  The UNEP has been invited to join the tripartite (FAO, IOE, and WHO) to deepen their AMR
programme and build global surveillance systems, a worldwide AMR stewardship programme,
and a global action plan monitoring and assessment framework
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3.3 AMRin India

The development of multi-drug resistant bacteria and
antibiotic resistance is a major public health issue in
India. Several factors, such as increase in income,
uncontrolled access of antibiotics, over-the- counter
sales without prescription, and perverse financial
incentives for providers to prescribe antibiotics,
often driven by patient demand and expectations, has
often played a vital role in the development of AMR
in India (WHO, 2016). According to several studies,
antibiotic residue is increasingly contaminating
the environment, with an uncontrolled discharge of
antibiotic-laden effluents from the industrial sector
and sewage treatment plants. These antibiotic
residues become responsible for the formation of
antibiotic-resistant bacteria (ARBs) and antibiotic-
resistant genes (ARGs) in the environment,
consequently re-contaminating humans and animals
through the consumption of contaminated food and
water. Ecosystems, in addition to soil and water,
are also getting contaminated with an abundance
of ARBs/ARGs from different critical sources (viz.,
household, industry, healthcare, livestock and
agriculture) entering through distinct pathways.

3.3.1 Antimicrobial resistance in humans:

Several social and environmental factors, including
health system efficacy and resource availability,
influence a country’s ability to develop and strengthen
AMR surveillance. India has the highest antibiotic-
resistant rates of disease-causing bacteria in
community and healthcare facilities. More than 70%
resistance against the broad-spectrum antibiotics

like fluoroquinolones, and cephalosporin was found
in Acinetobacter baumannii, Escherichia coli and
Klebsialla pneumoniae, while > 30% resistance was
found in Pseudomonas aerugenosa (DBT report,
2017). In India, antibacterial resistance among
neonates was also discovered after examining blood
stream collected from neonates. Results revealed
50% methicilin resistance among S. aureus, and
63% resistance to third-generation cephalosporin
among Klebsiella species. Extended spectrum beta-
lactamase (ESBL) generating Enterobacteriaceae
strains have now arisen in India, both in hospitals
and within the community. The carbapenem class
of antibiotics being one of the last-resort antibiotics
to treat bacterial infection in humans, carbapenem
resistance is a major concern in the healthcare
sector. Several studies have reported that the
carbapenem (meropenem) resistance rate among
the isolated gram-negative bacteria (A. baumannii,
P. aerugenosa, Klebsiella sp.) are 73%>30%<59%
(Gandra et al., 2020) (Figure 3.2). Isolated
Acinetobacter species from hospitalized patients in
a tertiary care hospital in Delhi revealed resistance
to imipenem/meropenem in 57-80% of cases, and
tigecycline resistance in 70% of cases (WHO, 2016).
In addition to this, metallo-beta-lactamase-1 (NDM-
1), or bla,,, ., has been the prevailing gene encoding
for carbapenem resistance in Enterobacteriaceae in
New Delhi while bla, . is not frequently detected.

Between 2000 and 2015, the use of antibiotics,
especially third-generation antibiotic cephalosporins,
has increased significantly while the ingestion
of penicillin remains constant, and the use of
fluoroquinolones has been shown to be less effective

Carbapenem resistance among four gram negative bacteria isolated from blood culture
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Figure 3.2: Carbapenem resistance among the isolated gram-negative bacteria from blood culture sample
(Source:DBT report, 2017).
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(DBT report, 2017). Among the typhoidal organisms, 3.3.2 Antimicrobial resistance in livestock/food
S. typhi is the most studied organism followed by S.  animals:

paratyphi, with 15-18% of ciprofloxacin susceptibility.
Studies have found that, Aeromonas spp, the most
commonly isolated pathogen in diarrheal disease,
shows resistance to the carbapenem class of
antibiotics, especially imipenem (ICMR, 2017).
Various studies have also revealed that E. coli was the
most frequent isolate from urine and blood samples,
sterile body fluids, superficial tissue infection, and
deep tissue infection. The study reports of Gandra
et al. (2016) and ICMR (2015) explain the high level
of resistance to broad-spectrum antibiotics in some
gram-negative bacteria (Table 3.2 and Table 3.3).

In livestock/food animals, the practice of non-
therapeutic use of antibiotics, either for prophylaxis
or metaphylaxis, and as growth promoters is
commonplace. Antibiotic resistant bacteria can be
transmitted between humans and animals through
contaminated food, water, and the environment. A
study by Bhattacharya et al. (2016) reported 3.2%
and 2.4% vancomycin resistance among S. aureus
isolates from cow milk and goat milk. Antibiotics that
are used to treat human diseases are frequently used
in animals, prompting concerns about a fall in their
efficacy for treating humans. In the poultry industry,

Table 3.2: Percentage of resistance of various antibiotics in 4 gram-negative bacteria isolated from blood
culture (ICMR, 2015; Gandra et al., 2016; DBT report, 2017)

Percentage of Percentage of Percentage of

Percentage of Ceftri M Pi illi Percentage
. i Ciprofloxacin = trla?(qne/ er9penem/ iperact in- of Colistin
Gram-negative . Ceftazidime Imipenem Tazobactum :
bacteria resistance . . . resistance
resistance resistance resistance
2014 2015 2014 2015 2014 2015 2014 2015 2014 2015
A. baumannii 84 NA 93 83.1 67.3 70.9 NA NA 4.1 NA
E. coli 85.1 76.4 83.3 79 11.5 16.2 37.3 34 3.1 0.2
K. pneumoniae 72.9 NA 79.9 86.9 56.6 56.6 62.7 64.6 3.2 0.5
P._aeruginosa 55 54.5 67.9 44.9 46.8 41.8 61.8 26.9 0 0.6

Table 3.3: Antimicrobial resistance of different isolates from blood and CSF samples (ICMR, 2015)

Percentage of Antibiotic resistance
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= (&] < [T
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Escherichia coli v 76.4 | 79,759 | 16.4,16.2 18.5 34 1 0.2
NG i OnEE/ 869,851 | 49,56.6 607 | 646 15 0.5
s .9,85. ,56. . . . .
Enterobacter aerogenes/ 507 | 8473.4 | 42.547.4 487 | 549 29 0
cloacae
Acinetobacter baumannii v/ | 831,829 | 70.9,701 73.8 v v v
Pseudomonas aeruginosa 545 37,449 32.2,41.8 |70.4,42,28.8| 26.9 0.6
Salmonella typhi/paratyphi | ¢.3 279 0.6 v
Streptococcus pneumoniae | " |
Staphylococcus aureus 42.6 0.2
Enterqcoccus faecium/ 76.6 718
faecalis
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antibiotics are used mostly as growth promoters as
part of pre-mixed feed. Sahu & Saxena (2014) found
that there is a significant difference in the presence
of antibiotic resistant bacteria in boiler farms and
layer farms. Around 87% of ESBL producing strains
were found in boiler farms but only 42% in layer
farms. Shrivastav et al. (2016) Kar et al. (2015) found
33.5% ESBL producing E. coli in boiler farms and
9.4% in layer farms in the poultry sector. Although
the total number of antibiotics used in fisheries is
likely to be far lower than that used in terrestrial,
intensive animal production, the key issue is that the
aquaculture sector uses more antibiotics that are
clinically significant for the treatment of humans.

3.3.3 Antimicrobial resistance in the environment:

The environment plays a vital role in the transmission
of antimicrobial resistance through the interlinkages
between the components of ecosystems such as soil,
water and human and animals. India has the highest
rates of resistance to antimicrobial agents for both
humans and food animals. The indiscriminate use
of antimicrobials and poor wastewater treatment in
India are major contributors to AMR. Environmental
components like soil and water have also been
shown to contain resistant organisms or genes. The
3 components — human, animals, and environment
have been combined to develop the ‘One Health’
approach to healthcare in India. Here inadequately

treated wastewater containing antibiotic residues
from the pharmaceuticals, healthcare sector,
aquaculture, and agricultural, are the major sources
of contamination of water bodies. Several studies
have highlighted the percentages of antibiotic
resistance in isolated bacteria/genes present in river
water (Table 3.4 and Table 3.5).

Studies have also reported that potable water
sources apart from the rivers also contain bacteria
with high levels of resistance to broad-spectrum
antibiotics. In the Ayodhya-Faizabad area, a study
that tested water from drinking and recreational
sources like river, ponds, kund or holy ponds, hand
pumps, tube well, dug well, etc. was conducted. The
study found that approximately 17% of E. coliand 13%
of Klebsiella showed resistance to third-generation
cephalosporin (Kumar et al., 2013). Poor sanitation
also plays a vital role in the transmission of ARB to
the environment.

3.4 National and state-level initiatives to address
AMR in India

The Global Action Plan on Antimicrobial Resistance
(GAP-AMR) and the United Nations’ resolution on
AMR make the threat of AMR to public health a top
priority. In 2015, the WHA endorsed the GAP-AMR,
recognizing the urgency of the situation and the
threat presented by AMR to healthcare. As a result,
several countries have developed their own NAPs to

Table 3.4: Study report on the presence of antibiotic resistant bacteria in various rivers in India

Year of

Report study

Study area

Isolated bacteria

Percentage of resistance to the
particular antibiotic

Skariyachan et al., 2011-2012

2015

Cauvery river

E. coli

Ampicillin: 100
Cefotaxime:100
Ciprofloxacin:75
Imipenem:15

Rivers from 5 | 2012-2014

states

Akiba et al., 2015

Gram-negative
bacteria

Extended spectrum
Cephalosporins: 37.9

Azam et al., 2016 Yamunariver |2013-2014

E. coli

Ampicillin: 100
Cefotaxime:75
Ciprofloxacin:58
Imipenem:8

Table 3.5: Study report on the presence of antibiotic resistant genes in various rivers in India

Report Study area Year of study Isolated genes
Ahammad et al., 2014 |Ganga, Yamuna |2012 blaypy 11 bla gy 45
Devarajan et al., 2016 |Cauvery 2012-2013 blargy, blagr blayoy.
Marathe et al., 2017  |Mutha - bla, p.1: bl sy, 4 MeT




contain AMR (Rangjalkar & Chandy, 2019).

3.4.1 Key initiatives taken before and after the
adoption of NAP-AMR in India

« In September 2011, India’s health minister,
together with the health ministers of all WHO
southeast Asia Region member-states, adopted
the ‘“Jaipur Declaration on Antimicrobial
Resistance” (mainly focused on prevention
and control of antimicrobial resistance and
improvement of public health)

ENVIRONMENTAL DIMENSION OF AMR

+  Enrolment in the WHO Global Antimicrobial
Resistance Surveillance System (GLASS) and
strengthening the AMR surveillance network for
important infections

+  With the help of the Food and Agriculture
Organization (FAQ), the Indian Network for
Fisheries and Animal Antimicrobial Resistance
was developed

+ In February 2016, the Government of India
and the WHO jointly convened an international
conference on AMR, titled “Combating

Table 3.6: Specific strategic priorities in India’'s NAP-AMR

Strategy 1 To improve and understand AMR through effective communication, education and training
programs

Strategy 2 To strengthen laboratories and establish standards for AMR surveillance in humans,
animals, food, and the environment

Strategy 3 To reduce the incidence of infection through effective infection, prevention, and control

Strategy 4 To optimize the use of antimicrobial agents in all sectors

Strategy 5 To promote funds for AMR-related activities, research, and technologies

Strategy 6 To strengthen India's leadership in AMR through international, national, and sub-national
AMR collaborations

Antimicrobial Resistance: A Public Health such as Delhi, Madhya Pradesh, and Kerala have

Challenge and Priority,” and the “Medicines with
the Red Line” media campaign was launched

+ The Central Pollution Control Board has
prepared draft criteria for antibiotic residues
in pharmaceutical industrial wastewater and
common effluent treatment plants

« A meeting, titled “National Consultation
to Operationalize Action Plan for AMR
Containment”, was jointly organized by the
Ministry of Health and Family Welfare, the
National Center for Disease Control (NCDC), the
WHO Country Office for India, the state health
ministries, and other relevant stakeholders, on
the 24th and 25th of August, 2017, in New Delhi
to begin the implementation phase of the NAP

3.4.2 Initiatives to address AMR at the state level

India approved its NAP-AMR on 19th April, 2017, at
the Inter-Ministerial Consultation on Antimicrobial
Resistance. The framework of the State Action Plan
(SAP) on AMR is based on the ‘One Health’ approach
across stated strategic targets, and is in line with
the NAP-AMR. Based on their respective needs and
priorities, and in alignment with NAP-AMR, states

been identified within the SAP. The following are the
strategic priorities:

+  Awareness and comprehension -
communications and training

+  Knowledge and evidence - laboratories and
surveillance

. Infection prevention and control — human health,
animal/food, and community

+  Usage optimization and restriction of antibiotics

«  Antimicrobial in humans and

animals

stewardship

. Research and innovations - Collaborations

3.5 Challenges to combating AMR in India and other
developing countries

AMR is widely acknowledged as a major public health
concern across the countries. The importance of the
environment in the transmission of many bacterial
infections has long been recognized. It is frequently
linked to inadequate sewage infrastructure, fecal
contamination of water, and organic fertilizers
(Larson et al, 2018). The global challenges to
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containing AMR are as follows:

AMR is not sufficiently addressed in national
health agenda

High burden of antimicrobial resistant infections
throughout the world

Lack of education and awareness among the
communities

Inadequate implementation and programmatic
support to AMR containment measures

Irrational use of antibiotics in healthcare settings

Absence of nation-wide lab-based surveillance
systems for tackling AMR

Lack of awareness on the application of
antibiotics in the farming and agriculture sector

Contaminated water and poor sanitation
practices are linked to the transmission of
diseases, such as cholera, diarrhea, dysentery,
etc., leading to AMR. Thus, there is a need to
improve WASH (water, sanitation, hygiene)
services in developing countries. In large cities,
waste management and proper WASH can be
difficult, and metropolitan areas have been
linked to numerous outbreaks of infectious
diseases, notably those transmitted through the
fecal-oral route.

High population density in developing countries
also raises the risk of contracting infectious
diseases that are transmitted through the air.
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4.1 Background

Indiscriminate and irrational use of antimicrobials
is one of the key causes behind AMR in India and
other countries of the world. Antibiotics are used
sometimes irrationally for surgical prophylaxis,
therapeutic and non-therapeutic uses in humans,
animals, in fisheries and in plant horticulture and
studies have reported profound environmental
fallouts as a consequence of such misuse. The use
of animal manure in soil and inadequate treatment of
effluents from healthcare facilities, pharmaceutical
industry, farms and discarded medications from
household also contribute to the problem of
environmental contamination by antimicrobial-
resistant pathogens and create hazardous levels
of antibiotic residues from the environmental point
of view (Sahoo et al., 2012; Samanta et al., 2014;
Sivagami et al., 2020).

4.2 Conceptual Framework for Environmental

Management

Antibiotics pass out into the environment via many
routes, like from healthcare establishments, animal
waste, from veterinary farms, household waste and
disposal of unused expired drugs. All of these add
to the growing reservoir of antimicrobial resistance
determinants in the environment. A report in 2018 by
theCentreforScienceand Environmentdemonstrated
the existence of pan drug resistant E. coli isolates
from different parts of India (Taneja & Sharma, 2019).
In 2018, researchers from IIT also found high levels
of carbapenem-resistant bacteria and bla, ,,, , genes
(New Delhi metallo-beta-lactamase) in wastewater
effluent from hospitals, sewage treatment plants,
drains and five locations along the Yamuna River
in Delhi. In 2018, a multi-institutional study found
a pan drug-resistant E. coli isolate from a heavily
polluted stretch of river Yamuna in Delhi, which was
resistant to 20 antibiotics. Trends, relationships and
case attribution of antibiotic resistance between
environmental sources and children is discussed in
a recent article (Mitchell et al., 2021). Uninhibited
presence of antimicrobials of different classes

Environment management to mitigate AMR

and generations in huge quantities, contributes to
selection of multidrug-resistant microbes which then
become the prevalent species in the environment.
Table 4.1 encompasses the conceptual framework
for environmental management in India. (Bardhan
et al,, 2020). In addition, inappropriate management
of biomedical waste is an important source of
environmental spread of drug-resistant microbes
besides being a high risk for acquiring infections for
patients and healthcare workers alike (Kumar et al.,
2014). The available sewage discharge or effluent
treatment plants are not attuned to contain the
resistant strains of bacteria and other pathogens.
These high levels of antibiotic residues or genes from
biomedical wastes lead to deposition directly into
the surface water thereby polluting the environment.
Leachable materials from septic systems and landfills
are also discharged into various zones based on the
soil and allied conditions. Therefore, these materials
are enabled to permeate the groundwater or spread
sideways into streams or other surface water in
the environment. Subsequently, it is conveyed or
transmitted to other levels leading to spread of
environmentally detrimental resistant genes of
pathogenic microorganisms (Sahoo et al., 2012).

The environmental fallouts of some of these
interventions have not been given enough attention
by experts and policymakers across domains.
Even among the researchers’ community, the
environmental dimension has not been taken up,
reflecting in the low number of articles across
different abstracting databases. Researchers have
traditionally focused heavily on some of the isolated
problems without assessing their scope and possible
remedies.

4.3 Findings of the scoping review

Scoping review and retrieval of relevant articles were
based on extensive search of the available literature
databases to address the scope of the problem
and to include studies highlighting the mitigation
strategies. From the initial search 521 articles were
appeared which was subsequently screened through
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Table 4.1: Conceptual framework for environmental management (adopted from Khurana, 2019)

Intervention areas

Responsible antibiotic use in food animals

Policy/ Law/ Supply of Production Consumers
Regulations Antibiotics
Not studied Reduce need | Veterinarians | Farms and Not studied
for Antibiotics Farmers

Implementation

Surveillance of antibiotic use, Residues and Resistance

tools and Antibiotic use in | Antibiotic resistance | Antibiotic residues in Environmental
Infrastructure food, animals in animals and food | food from animals surveillance and
& Advocacy/ from animals resistance
Awareness and

education/Training

Record keeping Environmental Management to Contain AMR

databases & Registration licensing | Biosecurity/Sanitation Waste Research
Review Monitoring/ | (Environmental and hygiene/GMP management

Feedback impact assessment)

different criteria and finally 45 full length articles of
the domain were yielded.

The study by Nair et al., (2019) was performed among
healthcare professionals in Paschim Bardhaman
district of West Bengal, India. The study participants
endorsed behavioral and social factors to be major
determinants of AMR development. Moreover, the
study participants felt that information was lacking
about the rational use of antimicrobials. Das (2017)
studied the emerging aspects of environmental
managementin India and the study findings indicated
that the environmental dimension needed urgent
attention from all stakeholders. Liibbert et al. (2017)
studied environmental pollution with antimicrobial
agents from bulk drug manufacturing industries
in Hyderabad, South India that was associated
with dissemination of extended-spectrum beta-
lactamase and carbapenemase producing pathogens
in the environment. Most of the articles studied in
the given domain were recent ones but transmission
dynamics or mitigation strategies were not reported
there. Around 48% of the included original studies
were taken from the wastewater environment, while
around 27% were taken from groundwater and the
remaining 25% were taken from sewage sources
from across the country. The literature search also
revealed some of the practices and their gaps in
different sectors with respect to environmental
management strategies in containment of resistance
pathogens in environment:

4.3.1 Role of practices in agriculture and livestock

In the agriculture setup antimicrobials are used
mostly as insecticide or fungicides and as
implements of biosecurity to pest infestation

affecting crops. The poultry farm scenario shows
the case of litter and manure that is mostly
found spread on fields; sometimes used directly
even in aquaculture farms. Limited biosecurity
measures are observed in this sector. Variations
across different farm types are observed
throughout. Notably, a study by Centre for Science
and Environment (CSE) indicated high levels of
multidrug resistant (MDR) bacteria in the poultry
farm environment (Walia et al., 2019). It was also
indicated that incidences of such MDR organisms
are being transferred from farms to agricultural
fields through E. coli and finally through aquaculture
farms they are subsequently discharged into
canals or agricultural fields. These wastes are
sometimes reused in aquaculture ponds and are
then subsequently let out in large pisciculture lakes
(Bhushan et al., 2017; Sebastian et al., 2021).

The criteria for location of animal feed mills, newer
and innovative approaches to biosecurity, sanitation
and cleanliness are of great importance for
curtailing the agents that spread the AMR bacteria.
Manure storage and management of hatchery
waste management is also deemed quite important
to contain AMR. Waste water discharge including
methods for treatment and disposal of effluent feed
and pest management are of notable consequence
to developing environmental AMR.

Environment regulators and policymakers should
have a greater leadership role in developing AMR-
centric environmental regulations for farms.
Pollution-causing potential of the poultry farm
sector should be re-prioritized. Less risky litter or
manure management approaches such as biogas
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generation must be preferred over land application.
Other options of waste to energy conversion can also
be explored. In-house biogas generation plants for
Big or integrated poultry farms should be adopted.
The use of common biogas generation plants for
small poultry farmers should be explored. It is also
important that application of untreated litter must be
prohibited through laws, awareness and surveillance.
Proper composting measures for treatment of litter
or manure should be encouraged only under a very
high level of supervision. Guidelines related to
approval of composting sites, validation of treated
manure and timing of application of litter or manure
should be made (Jadeja & Worrich, 2022).

4.3.2 Role of practices in household

Pharmaceuticals including antimicrobials which
are unused or expired at the household levels are
often disposed improperly into drains along with
regular household wastes. This is a significant
cause behind the development of environmental
AMR in India. Globally manufacturing companies
ensure pharmaceutical take back from household
level but no such provision was found through the
report in India. Handling of expired drugs at the
household level needs immediate attention from all
stakeholders as it directly affects the rising trends
and scenario of AMR in the environment.

4.3.3 Role of practices in Health care facilities

Healthcare facilities are the reservoir of the infectious
pathogens which are being continuously spread by
hospital personnel, hospitalized patients and visiting
persons etc. This transmission of disease-causing
microorganisms often results in Hospital-acquired
infection (HAI) and the issue of AMR. In addition,
irrationally prescribing of antibiotic at the healthcare
systems also leads to the development of AMR
among the patients.

4.3.4 Role of practices in
manufacturing industries

pharmaceutical

Improper discharge of sewage of pharmaceutical
industry wastes is reported from this scoping review
and also from consulting stakeholders. So, there is
an urgent need for surveillance of this issue at the
earliest. Solid wastes are given to scrap dealers who
dump or burn it at any open area and potentially

hazardous effluents are injected into bore wells dug
in ground at night. Effluent treatment plants (ETPs)
also release toxic discharges during various times of
the year. As reported smaller scale pharmaceutical
manufacturing units drain their treated water waste
directly into their sewage. Sewer lines of some
industries are also reportedly not connected to
Common effluent treatment plant (CETP) and open
directly into the nearby river. Pipes and outlets from
plants are channeled underground to open into low
lying areas causing environmental accumulation of
resistant pathogens (Damodhar & Reddy, 2013).

Wastes from household and healthcare facilities
constitute one of the contributors of antibiotic
resistance in the environment. Pharmaceutical
waste like antibiotics and other antifungals including
all items contaminated with these drugs along with
glass or plastic ampoules, vials etc. Treatment
and disposal option of expired “antimicrobials and
other allied items contaminated with antimicrobials
drugs are to be returned back to the manufacturer
or supplier for incineration at temperature >1200°C
or to common bio-medical waste treatment facility
or hazardous waste treatment, storage and disposal
facility for incineration at >1200°C or encapsulation
or plasma pyrolysis at >1200°C. All other discarded
medicines are to be either sent back to manufacturer
or disposed by incineration. The environmental
fallouts of such incineration have evoked mixed
responses from different stakeholders all over the
world. Figure 4.1 presents a management algorithm
for antimicrobial resistance and surveillance in the
environment.

4.4 Major gaps existing in the domain of
environmental management of AMR

1. Poultry, hatchery and aquaculture transmission
dynamics mostly left unaddressed.

2. No framework for freshwater aquaculture
pertaining to domestic usage sectors.

3. Agricultural lands are being converted for
aquaculture purposes and this can lead to
an accumulation of antimicrobial residues
from agricultural fields to reach the fishes and
subsequently move in the trophic levels through
bio magnification in environment.
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Identification Identification of target bacteria and antibiotics
Identify sampling location, sample type, sample size and collection

Vi
Testing Standardise the methods of testing
Development of operational laboratory networks
Anlaysis
and' Synchronised, real time data analysis from laboratories
Reporting Periodic reporting in public domain

Figure 4.1: Management algorithm for antimicrobial resistance and surveillance in the environment
(Adopted from Centre for Science and Environment, 2019)
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human health sector

5.1 Background

This chapter covers environmental pollution caused
by the use of antimicrobial agents in the human
health sector, and in household sewage as well as
their implications for the development of AMR in
India. The scope and its environmental impact of
antibiotic abuse has not been adequately addressed
inresearchinIndia. It can be clearly depicted from the
discussion in the current chapter that environmental
balance and environmental impact assessment in
the context of AMR has been left largely unaddressed
in the country. There are reported instances of a
number of the drug resistant microbes being found
in the effluents from treatment plants that have been
found to be phenotypically resistant to a carbapenem
drug, imipenem (Nagarajan et al., 2012; Rudraswamy
et al., 2012; Singh et al,, 2012; Dubey et al., 2013;
Kishore et al., 2014; Manar et al., 2014; Phukan et al.,
2014; Aslesh et al., 2015; Jindal et al., 2015; Reddy et
al., 2015; Azam et al., 2016; Berendes et al., 2019; Raj
et al.,, 2019; Yadav, 2019; Aggarwal et al., 2020; 2020;
Menon et al., 2021; Rohilla et al., 2021; Singh et al,,
2021).

The spread of antibiotic resistance in the environment
through resistant organisms further emphasizes the
underlying hypothesis that resistance amplification
seems to occur in sewage through some kind of gene
transfer, possibly horizontal gene transfer (Aggarwal
et al.,, 2020). In a similar survey of effluents collected
from several geographically-dispersed wastewater
plants in the USA, about 20.2% of the isolates were
imipenem-resistant. The impact of AMR on the
environment has also not been adequately reflected
in existing research (Akiba et al., 2016; Bhowmik et al,
2021; Veeraraghavan et al.,, 2019; Bengtsson-Palme
et al, 2014; Chakraborty et al., 2013; Chatterjee et
al., 2019; Tseng et al., 2020; Chakraborty et al., 2021,
Siddiqui et al., 2020; Kapoor et al., 2021).

The genesis of Antimicrobial-resistant bacteria
(ARBs), that are detected in wastewater can be linked
to antimicrobial resistance which serves as a source
of infections and morbidity among individuals at

Antimicrobial contamination of environment by

different levels. The fact that hospital effluent almost
always mixes with wastewater from the community
makes it difficult to determine the original source
of specific antibiotic resistance genes (ARGS).
This is particularly challenging in certain locations
and leads to indeterminable and unaccounted-for
detrimental effects where there is a comparatively
high prevalence of antimicrobial resistant bacteria
in the wider human or animal population, or in the
natural environment. (Behera et al, 2012; Sahoo
et al., 2014; Roy et al., 2015; Fernandes et al., 2015;
Tiwari et al., 2018).

It is difficult to clearly define the root source of
antimicrobial-resistant bacteria detected in a given
wastewater influent system in the environment, and
there is a significant knowledge gap in understanding
which mitigation measures will be most effective.
Similarly, levels of antimicrobials detected in
wastewater environments do not always correlate
with antimicrobial use in a healthcare facility. This
is partly because degradation of antimicrobials
in the environment and survival of bacteria in the
environment depend on several factors. For example,
antimicrobial half-lives range widely from minutes to
tens of days, and survival rates of resistant bacteria are
also geographically-dependent in the environmental
milieu, and are highly variable. The relationship of
both  antimicrobials and antimicrobial-resistant
microbes in wastewater environments also depends
on location because there are different environmental
temperatures and different resistant colonization rates
across the globe, which are variable in regard to their
effects and impacts on the environment (Kotwani et al,,
2011; Sudershan et al.,, 2012; Dash et al., 2013; Aarti et
al., 2016; Falkenberg et al., 2018; Meenatchi et al., 2020;
Chellapandi, 2021; Said et al., 2021; Karunanidhi et al.,
2021; Srivastava et al., 2021).

5.2 Findings from scoping review

The fallouts of antimicrobial resistance on the
environment has also not been addressed in existing
research.

Figure 5.1 depicts the different categories of



wastes from healthcare and households. The new
BMW management rules have notified to efficiently
manage the biomedical waste in the country but
the environmental dimensions of AMR are absent
there. These rules have been modified to include
the word “handling”, and bring more clarity in the
modes of their application. In addition, strict rules
have been made to ensure that there is no pilferage
of recyclables, secondary handling, and inadvertent
scattering or spillage by animals during transport
from the HCFs to the common treatment facility
(Sivalingam et al., 2019; Kumar et al., 2013; Taneja
et al,, 2019; Banerjee et al., 2018; Dixit et al., 2019;
Global Antibiotic Resistance Partnership, 2017,
Viswanathan et al., 2011; Singhal et al., 2017).

Major findings from scoping review of available
literature on environmental contamination through
the use of antibiotics by humans:

Nair et al. (2019) have addressed the antibiotic use,
resistance, development, and environmental factors
through a qualitative study conducted among
healthcare professionals in Paschim Bardhaman
district of WestBengal, India. The study hasdiscussed
the environmental paradigm. Ganguly et al. (2011)
have recommended that antibiotic use be rationalized
to limit antibiotic resistance in India, but have made
few references to its environmental aspects. Jindal
et al. (2014) have detailed the challenges posed by
AMR to public health but have failed to include its
environmental dimensions. Philips et al. (2017) have

Infectious wastes h
( ousw Healthcare

facility

Household
( Non infectious wastes J sewage
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reviewed the emerging environmental contaminants
in Indian environmental matrices. Kakkar et al.
(2017) have explored the etiology and antibiotic
resistance patterns of community-acquired urinary
tract infections in JNMC Hospital, Aligarh, India, and
its environmental determinants. Hanna et al. (2018)
have studied the seasonal variations in water quality,
antibiotic residues, resistant bacteria, and antibiotic
resistance genes of Escherichia coli isolates from
water and sediments of the Kshipra River in central
India, and its environmental impacts. A study by
Gandhra et al. (2019) was the first to report the
emergence of the plasmid-borne bla .. gene in
Ochrobactrum intermedium.

5.3 Gaps identified from the scoping review

+ There is a lack of research with regards to
the AMR in the wastes generated from the
healthcare facilities and household.

+  There is a lack of research linking the antibiotic
residues in BMWSs, development of AMR and
subsequent transmission via pathways in the
environment.

+  There is Ilimited awareness about the
environmental contamination caused by the use
of antibiotics by humans

[ Hazardous wastes
Healthcare j

facility

Healthcare
facility L

Radioactive wastes j

Figure 5.1: Categorization of environmental degradation caused by different kinds of wastes from
healthcare and households
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veterinary and aquaculture sectors

6.1 Antibiotic use and AMR in veterinary sectors in
India

The indiscriminate use of antibiotics in the veterinary
sector in India is a major source of spread of
antimicrobial resistance (AMR) in the environment.
The need to meet the increasing demand for food
animals, driven by population growth, puts farmers
under pressure to produce more with the limited
resources and infrastructure available to them.
In addition to the treatment of various infectious
diseases, antibiotics are widely used with the feed of
poultry and that of other animal farming to promote
their growth. However, farmers’ failure to observe the
drug withdrawal period results in the consumption
of contaminated food animals, ultimately leading to
AMR (Mutua et al., 2020).

6.1.1 Antimicrobial resistance in poultry in India

Numerous studies have reported numerous
incidences of AMR originating from the poultry
sector in India. The spatial distribution of the number
of studies from the poultry sector in India is shown
in Figure 6.1.

Most of the studies on AMR have used bacterial
samples originating from poultry birds (meat,
eggs, cloacal swab, and fecal sample). Only a few
studies have reported AMR in the drinking water
of poultry farms. In a study by Kumar et al. (2012),
4 species (total 88) of Salmonella were taken from
disease outbreaks in broilers from different regions
of Haryana. The antibiotic susceptibility test of the
isolates against different antibiotics showed various
resistivity patterns (Figure 6.2).

Rajagopal and Mini (2013) reported the presence of
antibiotic-resistant Salmonella sp. derived from the
different organs of chickens in Kerala, and concluded
that the isolates were 100% resistant to erythromycin.
Shing et al. (2013) reported the presence of AMR in
Salmonella typhimurium in the egg, feed, drinking water,
cloacal swab, and faeces of fowls in Bareilly, Uttar
Pradesh. The isolates were found to be 100% resistant
to clindamycin, oxacillin, penicillin, and vancomycin. In
a study conducted in Tamil Nadu, Balasubramaniam et
al. (2014) reported that 88% of the E. coli isolated from
cloacal swabs of flocks of 5 different layer farms were
resistant to tetracycline. A total of 20 Campylobacter

-

b

Figure 6.1: Spatial distribution of the number of studies on AMR from the poultry sector in India
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Antimicrobial Resistance of Salmonella sp.
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Figure 6.2: Antibiotic resistance pattern of Salmonella serovars derived from broiler farms from different
regions of Haryana (Kumar et al., 2012).

jejuni were isolated from poultry origin in Kolkata
by Kabir et al. (2015), and 100% of the isolates were
resistant to tetracycline, nalidixic acid, ciprofloxacin,
levofloxacin, ofloxacin, and sulfamethoxazole-
trimethoprim. Bhushan et al. (2017) studied 47 poultry
samples from four Indian states viz. Uttar Pradesh,
Rajasthan, Haryana, and Punjab, and derived 187
isolates of three bacteria viz. E. coli, K. pneumoniae
and S. lentus. Antibiotic resistance of the three strains
to tetracyclines, amoxyclav, nitrofurantoin, levofloxacin,

Resistant bacteria: Salmonella gallinarum,
S. enteritidis, S. typhimurium
(Arora et al., 2013)

Carbenicillin 56%

Nalidixic acid 68%

D

Resistant bacteria: Salmonella sp
(Samanta et al., 2014)

Erythromycin 75%

Co-trimoxazole 75%
Tetracycline 100%
Oxytetracycline 100%
Norfloxacin 100%
levofloxacin 100%
Gentamicin 100%
Ciprofloxacin 100%
Chloramphenicol 100%

ciprofloxacin, chloramphenicol, cefuroxime, cefotaxime,
ceftriaxone, amikacin, gentamicin, co-trimoxazole,
and meropenem was observed. There are many other
similar studies on the antimicrobial resistance pattern of
various bacterial strains isolated from poultry chickens
and slaughterhouse environment (Hussain et al., 2017;
Khan et al., 2018; Saharan et al., 2019a; Zehra et al., 2019;
Tewari et al,, 2019; Suman Kumar et al., 2021). Some
other quantitative studies on the incidences of AMR in
poultry have been presented in Figure 6.3.

Resistant bacteria: Non-typhoidal Salmonella
(Sudhanthirakodi et al., 2016)

C 2
Ciprofloxacin
Co-trimoxazole
Chloramphenicol
Tetracycline
Streptomycin 15.10%

Amoxicillin
Ampicillin

Nalidixic acid 24.50%

Resistant bacteria: E. coli
(Brower et al. 2017)

Ciprofloxacin 39.40%

Cotrimoxazole 42.20%

Ampicillin 43.80%
Tetracycline 47%

Nalidixic Acid 86.10%



D Resistant bacteria: Salmonella sp. G J

Colistin
Amikacin

Chloramphenicol

Gentamicin 7.14% Ampicillin
Amoxyclav 14.29% Ciprofloxacin
Enrofloxacin 14.29%
Cefotaxime 14.19%

Streptomycin
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(Waghamare et al., 2018)

16.67%

Amoxicillin-clavulanic acid
4.76%

4.76% Cotrimoxazole

4.76% Gentamicin

Resistant bacteria: non-typhoidal salmonellae
(Bangera et al., 2019)

29.31%

17%

32.80%
72.41%

Resistant bacteria: Salmonella Kentucky,
Salmonella Virchow, Salmonella Typhimurium
(Sharma et al., 2019)

Ciprofloxacin 82.86%
Ciprofloxacin 19.05%
Ampicillin 95.71%
Azithromycin 21.43%
Nalidixic acid 98.57%
Ampicillin 21.43%
Erythromycin 100%
Norfloxacin 26.19%
Tetracycline 100%
Ceftizoxime 35.71%

Tetracycline
Erythromycin

Neomycin

78.57% D

83.33%

88.10% Ampicillin

Resistant bacteria: Salmonella sp.
(Chakraborty et al., 2020)

Oxytetracycline 97.62% Cotrimoxazole
Doxycycline 100% Gentamicin 70%
Cefotaxime 70%

Resistant bacteria: E. coli

Cefixime
(Bhave et al., 2019)

70%

Ceftriaxone 80%
Amosxicillin 81.51% Ceftazidime 80%
Ampicillin 84.93% (J 3 Resistant bacteria: Escherichia coli,
Klebsiella pneumoniae
Ciprofloxacin 54.11% (Senthamilselvan et al., 2020)
Colistin 82.88% Nalidixic acid 65.40%
Tetracycline 77.40%
Trimethoprim 89.04% . -
Piperacillin-tazobactam 85.20%
Tetracycline 95.89% Polymixin-B 87.30%
Nalidaxic acid 95.89% Piperacillin 97.80%
Ampicillin 100%

Figure 6.3: Study of AMR in poultry by different authors from various states in India — (a) Haryana (b) West
Bengal (c) West Bengal (d) Punjab (e) Maharashtra (f) Maharashtra (g) Karnataka (h) Uttarakhand and Uttar
Pradesh (i) Mizoram (j) Tamil Nadu.

6.1.2 Antimicrobial resistance scenario in dairy and
pig farming in India

The distribution of the number of studies on
AMR from dairy sector in the country is shown in
Figure 6.4. Most of the studies on AMR bacteria
in the dairy sector have focused on mastitis.
The majority of these studies have reported the
presence of resistant bacterial strains in clinical
or subclinical mastitis bovine milk. Only a very

few studies isolated the bacterial samples from
slaughterhouse carcasses, cutting knives, table
surfaces, water samples, and hand rinses of
butchers and animal handlers. Thaker et al. (2012)
demonstrated the resistance pattern of E. coli in
the cow milk sample and found 100% resistance
to ampicillin, followed by streptomycin (57.89%)
and oxytetracycline (47.37%). The emergence of
antimicrobial resistance among bovine mastitis
pathogens is due to the presence of different



resistant genes in the bacterial strains. A study
from West Bengal, conducted by Bandyopadhyay
et al. (2015), described intra-mammary
infection of methicillin-resistant Staphylococcus
epidermidis, methicillin-resistant Staphylococcus
aureus, and ESBL-producing Escherichia coli
in 2 Holstein Friesian crossbred cows with
subclinical mastitis. In the Staphylococcus strains,
different genes, like mecA (resistant to amikacin,
tetracycline, and glycopeptides), sull(resistant
to sulfonamides), gnrS (resistant to quinolone),
ESBL producers (resistant to third- and fourth-
generation cephalosporins), exhibited a varied
range of AMR. Another study from Karnataka,
by Preethirani et al. (2015), investigated the
resistance pattern of  coagulase-negative
staphylococci (CoNS), Streptococci, Escherichia
coli, and Staphylococcus aureus isolated from
subclinical mastitis cow milk. The isolates
exhibited resistance to many antibiotics (Figure
6.5). E. coli exhibited 100% resistance to amikacin,
amoxycillin/sulbactam, ampicillin, cefotaxime,
cefoxitin, ceftriaxone/sulbactam, methicillin,
penicillin-G, and streptomycin. Koovapra et al.
(2016) isolated extended-spectrum B-lactamase
(ESBL) producing Klebsiella pneumoniae from
milk samples of healthy cows with subclinical
(n=159) and clinical (n=52) mastitis from West
Bengal, Jharkhand, and Mizoram. In drug sensitivity
assay, the isolates exhibited 100% resistance to
ceftriaxone, ceftazidime, cefotaxime, aztreonam,
cefpodoxime, ceftizoxime, and cefixime, 78% to
gentamicin, 74% to tetracycline, 70% to sulpha/

shmirt

ENVIRONMENTAL DIMENSION OF AMR

trimethoprim combination, 61% to cefepime, and
51% to ciprofloxacin and piperacillin. Samples
of vancomycin-resistant S. aureus (VRSA)
isolated from raw milk samples in West Bengal
by Bhattacharyya et al. (2016) demonstrated
resistance to various antibiotics. Prevalence of
Staphylococcus aureus in cows with subclinical
mastitis and antimicrobial resistance was detected
in Maharashtra by Gandhale et al. (2017). S. aureus
isolated from mastitis milk, udder swabs, and floor
swabs showed resistance to penicillin (91.76%),
oxacillin  (71.76%), and kanamycin (63.53%).
Evaluation of clinical mastitis in bovines from the
Jammu region by Bhat et al. (2017) revealed the
presence of antibiotic-resistant Staphylococci
and E. coli. The isolates were found to be 100%
resistant to penicillin, followed by 29.41% resistance
to both ceftriaxone and oxytetracycline. Gowda
et al. (2017) collected samples of beef carcasses,
knives, cutting table surfaces, and water from 4
cattle slaughterhouses in Kerala to determine the
occurrence and antibiotic susceptibility of Listeria
sp. and Staphylococcus aureus. The isolates
were found to be resistant to penicillin (38.0%),
ceftriaxone (31.9%), ampicillin (29.0%), amoxicillin
(28.8%), tetracycline (24.4%), and chloramphenicol
(23.9%). Sharma et al. (2017) reported the
prevalence of Listeria monocytogenes in raw cow
milk samples from Rajasthan. The isolates exhibited
100% resistance to penicillin G, piperacillin, oxacillin,
and ceftriaxone, 80% resistance to ampicillin,
amoxicillin—clavulanic acid, and nalidixic acid,
and 60% resistance to ceftazidime. Verma et al.

i

Figure 6.4: Distribution of the number of studies on AMR from the dairy sector in India
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Figure 6.5: AMR pattern of coagulase-negative Staphylococci (CoNS), Streptococci, and Staphylococcus

aureus isolated from subclinical mastitis cow milk.



(2018) assessed the status of bovine mastitis in
and around the Meerut region of Uttar Pradesh.
They analysed raw milk samples, and the major
pathogens found were Staphylococcus sp.,
Streptococcus sp., Proteus sp., and Candida sp.
The isolates were found to have resistance against
amoxyclav, and ampicillin. Ralte et al. (2019) studied
the AMR pattern of various bacterial species
obtained from a wide range of animals (cattle,
buffalo, sheep, goat, and poultry). The isolated
bacteria were Pasteurella sp., E. coli, Klebsiella sp.,
Salmonella sp., Pseudomonas sp., Staphylococcus
sp., Streptococcus sp., Corynebacterium sp., and
Bacillus sp. The resistance patterns of the bacterial
strains against different antibiotics have been
shown in Figure 6.6. Staphylococcus aureus is
considered a major etiological agent of clinical
and sub-clinical bovine mastitis. In a study by
Annamanedi et al. (2021), 20.5% of the S. aureus
isolates exhibited oxacillin resistance and 14.46%
exhibited methicillin resistance. Lalzampuia et
al. (2013) and Samanta et al. (2015) reported the
presence of ESBL-producing E. coli isolates from
faecal samples of healthy pigs in Mizoram and West
Bengal, respectively.

Environmental AMR is one of the most serious
global concerns that needs more attention for
its regulation. A study by Parkunan et al. (2019)
on the knowledge, attitude, and practices among
veterinarians in Haryana revealed that though
the clinicians were aware of the fundamental
clinical aspects of antibiotic resistance (AR) i.e.,
mode of transmission of resistance, response
during treatment failure, and safe disposal of
hospital waste, they lacked knowledge of 2 major
ways to restrict AMR transmission i.e., ‘antibiotic
stewardship’ and ‘interruption of AMR transmission
by means of cross-kingdom pathogen’, thus
indicating lack of awareness among clinicians
to improve their knowledge regarding AMR. In a
recent study, Vijay et al. (2021) conducted a cross-
sectional survey about Knowledge, Attitude and
Practices (KAP) among veterinarians regarding
antibiotic use and the emergence of AMR in dairy
herds in 25 states of India. Out of a total of 466
respondents, 69.5% exhibited average knowledge,
93.2% exhibited a neutral attitude, and 51.3%
had moderate practice scores with respect to
judicious antibiotic usage. 90.6% of the respondents
reported their ‘own experience’ as the criteria for
antibiotic selection during the treatment. The use

ENVIRONMENTAL DIMENSION OF AMR

of WHO-listed highest priority Critically Important
Antimicrobials for Human Medicine was also
reported by them, especially quinolones (76.8%)
and third-generation cephalosporins (47.8%). The
study results demonstrated the average KAP
score among veterinarians, a lack of awareness
among farmers, a tendency to use of antibiotics
indiscriminately, and a lack of antibiotic stewardship
in the veterinary sector in India.

6.1.3 The overlap between OIE-listed antimicrobials
for veterinary use and WHO-listed Critically
Important Antimicrobials for Human Medicines and
their implications for environmental AMR

47 Critically Important Antimicrobials that have
been categorized as Critically Important for Human
Medicine by WHO continue to be included in the
OIE list of antibiotics for veterinary uses (Table 6.1).
These antibiotics have been also categorized either as
Veterinary Critically Important Antimicrobials (VCIA) or
Veterinary Highly Important Antimicrobials (VHIA) by
OIE. While only a few of these antibiotics are used to
treat one or two specific animal species, the rest can
be freely applied to the treatment of various animal
species. Alarming reports of the prevalence of AMR
bacteria in the veterinary sectors throughout the country
is accompanied by evidence that many of these bacteria
can sustain in the animal reservoir and contaminate the
environment through various modes. These resistant
bacterial strains in the environment can be transmitted
to humans through the food chain and cause serious
human health hazards. The antibiotics that are being
used continuously for the treatment of both animal
and human diseases will no longer remain effective for
humans after a certain period due to the presence of
common antibiotic-resistant bacterial genes.

6.1.4 Critically Important Antimicrobials used in
the poultry and dairy sectors in India and their
implications for the environment

Most of the poultry and other veterinary diseases
result from poor farm management, especially
manure management, which allows the farm
environment to harbour harmful pathogens that
cause veterinary diseases. A foul odour develops
in the farm due to the generation of ammonia,
volatile organic compounds, and hydrogen
sulphide. This odour attracts flies that can transmit
disease-causing bacteria to humans, causing
cholera, typhoid, etc. (Maheshwari, 2013). If these
bacterial strains are resistant to certain antibiotics,
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Table 6.1: List of antibiotics present in both the OIE and WHO lists.

OIE status of

Antimicrobial family

WHO status

List of antimicrobials Species
Amikacin EQU
Apramycin AVI, BOV, LEP, OVI, SUI

Dihydrostreptomycin

AVI, BOV, CAP, EQU, LEP, OVI, SUI

Framycetin BOV, CAPR, OVI

Gentamicin AVI, BOV, CAM, CAP, EQU, LEPR, OVI, SUI
Kanamycin AVI, BOV, EQU, PIS, SUI

Neomycin API, AVI, BOV, CAP, EQU, LEPR, OVI, SUI

Paromomycin

AVI, BOV, CAP, OVI, LEP, SUI

antimicrobials

Aminoglycosides

Polymyxin B

BOV, CAP, EQU, LEP, OVI, AVI

Streptomycin API, AVI, BOV, CAP, EQU, LEP, OVI, PIS, SUI (VCIA)
Tobramycin EQU
Amoxicillin AVI, BOV, CAP, EQU, OV, PIS, SUI o
Ampicillin AVI, BOV, CAP, EQU, OVI, PIS, SUI ger;‘]'iﬁ'g:)'fmcimns)
Hetacillin BOV
Ticarcillin EQU zen”t'i:i';‘fdomonal)
Amoxicillin + clavulanic Acid | AVI, BOV, CAP, EQU, OVI, SUI Aminopenicillins

o with betalactamase
Ampicillin + sulbactam AVI, BOV, SUI inhibitors
Rifampicin EQU Ansamycins
Rifaximin BOV, CAP, EQU, LEP, OVI, SUI (VHIA)
Fosfomycin AVI, BOV, PIS, SUI S';ﬁjgt?\?:: 2eld
Cefoperazone BOV, CAP, OVI
Cefquinome BOV, CAP, EQU, LEP, OVI, SUI .

: (VCIA) Cephalosporins
Ceftiofur AVI, BOV, CAP, EQU, LEP, OVI, SUI
Ceftriaxone AVI, BOV, OVI, SUI
Erythromycin API, AVI, BOV, CAP, EQU, LEP, OVI, PIS, SUI
Gamithromycin BOV
Josamycin AVI, PIS, SUI
Kitasamycin AVI, SUI, PIS
Oleandomycin BOV ;
Spiramycin AVI, BOV, CAP, EQU, LEP, OVI, PIS, SUI I':’;‘glri‘é'é‘;es i
Tildipirosin BOV, SUI
Tilmicosin AVI, BOV, CAP, LEP, OVI, SUI (VCIA)
Tulathromycin BOV, SUI
Tylosin API, AVI, BOV, CAP, LEP, OVI, SUI
Tylvalosin AVI, SUI
Ciprofloxacin AVI, BOV, SUI
Danofloxacin AVI, BOV, CAP, LEP, OVI, SUI
Difloxacin AVI, BOV, LEP, SUI
Enrofloxacin AVI, BOV, CAP, EQU, LEP, OVI, PIS, SUI
Flumequine AVI, BOV, CAP, EQU, LEP, OVI, PIS, SUI (VHIA) )
Marbofloxacin AVI, BOV, EQU, LEP, SUI (VCIA) f?a’c')';g?urzﬁzlgﬂis
Nalidixic acid BOV (VHIA)
Norfloxacin AVI, BOV, CAP, LEP, OVI, SUI
Ofloxacin AVI, SUI (VCIA)
Orbifloxacin BOV, SuUl
Oxolinic acid AVI, BOV, LEP, PIS, SUI, OVI
Polymyxin E (colistin) AVI, BOV, CAP, EQU, LEP, OVI, SUI (VHIA)

Polymyxins

Critically
Important
Antimicrobials
for Human
Medicine

AVI: Avian; EQU: Equine; API: Bee; BOV: Bovine; CAP: Caprine; CAM: Camel; LEP: Rabbit; OVI: Ovine; PIS: Fish; SUI: Swine.
VCIA: Veterinary Critically Important Antimicrobials; VHIA: Veterinary Highly Important Antimicrobials

[Source: OIE List of Antimicrobial Agents of Veterinary Importance, 2019; Khurana et al. (2021).]
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Figure 6.6: AMR patterns of nine bacterial strains obtained from a variety of animals (cattle, buffalo, sheep,

goat, and poultry) in Punjab (Ralte et al., 2019). (Cont'd...)
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administered antibiotics for the treatment of human
diseases will fail. Moreover, the antibiotic-resistant
bacteria present in the soil of the farm environment
contaminate nearby water bodies through runoff,
thereby not only creating human health issues but
also infecting animals in adjacent farms.

The Centre for Science and Environment, Delhi,
has prepared the lists (Table 6.2 and Table 6.3)
of antibiotics used in the Indian poultry and dairy
sectors through extensive research and parallel
expert consultation. The lists also report the practice
of using many Critically Important Antimicrobials for
the treatment and control of various animal diseases.

6.1.5 Major gaps in the context of the environment,
identified from the scoping review

The gaps in the context of the environment, identified
from the scoping review are as follows:

+  Though there are many reports on antibiotic
resistance patterns of the bacterial strains from
the veterinary sectors, the impacts of antibiotic-
resistant bacteria and genes on the environment
and on human health are the least studied and
reported.

ENVIRONMENTAL DIMENSION OF AMR

+ There is a lack of proper Knowledge, Attitude,
and Practices (KAP) among veterinarians,
regarding antibiotic use and the emergence
of environmental AMR in the dairy and poultry
sectors.

+ There is a dearth of literature/studies/data
on antibiotic pollution in the environment
emanating from veterinary hospitals.

6.1.6 Research for developing alternatives to
antibiotics for food-producing animals in India

There is some literature on the research and
development of alternatives to antibiotics for food-
producing animals in the country. Though the
studies conducted so far have focused only on the
poultry sector, their prevalence indicates a positive
approach, at the country level, to replace antibiotic
growth promoters (AGP). The key findings of the
studies have been presented in Table 6.4.

6.1.7 Key informant interview (KII)

For developing the abstraction matrix of Kll in the
veterinary sector was conducted at the two tiers —
Tier-l (two veterinarians) and Tier-ll (one extension
officer). The abstraction matrix has been shown in
Figure 6.7.

Table 6.2: Critically important antimicrobials used in the poultry sector in India for the treatment and control

of diseases

Antibiotics

Disease

Antimicrobial family

Amikacin

Infectious coryza, pullorum disease, fowl typhoid, colibacillosis,
salmonellosis

Gentamicin

Pullorum disease, fowl typhoid, salmonellosis

Aminoglycosides
Neomycin

Pullorum disease, colibacillosis, necrotic enteritis; fungal disease:
aspergillosis, mycotoxicosis

Streptomycin

Fowl cholera

Amoxicillin

Necrotic enteritis; viral disease: Ranikhet disease

Penicillin

Ampicillin

Necrotic enteritis

Ciprofloxacin

Pullorum disease, fowl typhoid, colibacillosis, salmonellosis

Quinolones and

Enrofloxacin .
fluoroquinolones

Fowl cholera, infectious coryza, pullorum disease, fowl typhoid,
colibacillosis, necrotic enteritis, salmonellosis, chronic respiratory disease;
viral diseases: Ranikhet disease, infectious bronchitis, avian influenza,
Marek’s disease, infectious bursal disease

Norfloxacin Colibacillosis

Erythromycin Infectious coryza

Tylosin Macrolides and ketolides Chronic respiratory disease; fungal disease: mycotoxicosis
Tylvalosin Chronic respiratory disease

Azithromycin Macrolides and ketolides

Fowl cholera

Quinolones and

Levofloxacin .
fluoroquinolones

Fowl cholera, Infectious coryza, pullorum disease, fowl typhoid,
colibacillosis, necrotic enteritis, salmonellosis; viral disease: Ranikhet
disease

Source: Khurana et al. (2021)
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6.2 Antibiotics and AMR in aquaculture
6.2.1 Antibiotics used in the aquaculture sector in

India

Per capita fish consumption in India is continuously
increasing, driven by the growing population of the
country, and cannot be met only through capture

fisheries. The aquaculture sector started flourishing
to support the huge demand for commercial fish that
is a major source of animal protein in the regular
diet for many Indians. Brackish water shrimps
constitute a major portion of aquaculture products.
Large-scale industrial production of brackish water

Table 6.3: Critically Important Antimicrobials used in the dairy sector in India for the treatment and control

of diseases

Antimicrobials

Disease

Amikacin

Antimicrobial family

Gentamicin

Aminoglycosides

Streptomycin

Mastitis, brucellosis

Mastitis, diarrhoea; viral disease: foot and mouth
disease

Mastitis, black quarter, brucellosis, tuberculosis; viral
disease: foot and mouth disease

Cefotaxime Mastitis, haemorrhagic septicaemia
Ceftazidime Third-, fourth- and fifth-generation Mastitis
Ceftizoxime Mastitis
Levofloxacin . . Mastitis
Moxifloxacin Quinolones and fluoroquinolones Mastitis
Amoxicillin Mastitis; viral disease: foot and mouth disease
- Penicillins Mastitis, black quarter, brucellosis; viral disease: foot
Ampicillin

and mouth disease, infectious bovine rhinotracheitis

Ciprofloxacin

Enrofloxacin

Quinolones and fluoroquinolones

Anthrax, diarrhoea; viral disease: foot and mouth
disease

Mastitis, haemorrhagic septicaemia, diarrhoea; viral
disease: foot and mouth disease, infectious bovine
rhinotracheitis

Ceftriaxone

Third-, fourth- and fifth-generation
cephalosporins

Norfloxacin Diarrhoea

Ofloxacin Diarrhoea

Cefoperazone Mastitis

Ceftiofur Mastitis, haemorrhagic septicaemia, anthrax

Mastitis, haemorrhagic septicaemia; viral disease: foot
and mouth disease

diseases

Cefquinome Mastitis
Rifampicin Ansamycins Brucellosis, tuberculosis
Ethambutol Drugs used solely to treat Tuberculosis
L tuberculosis or other mycobacterial .
Isoniazid Tuberculosis

Table 6.4: Various studies that reported some alternatives to the use of antibiotics as growth promoters

Author Research Institute Key findings
(i) College of Veterinary | Assessed the efficacy of the herbal growth promoter product developed by M/s Ayurvet Ltd.
Science and Animal | Baddi, India, in comparison with antibiotic growth promoters. The product is comprised of
Husbandry, R.K. the oils of various herbs viz. Allium sativum (Garlic), Zingiber officinale (Ginger), Trigonella
Debnath et . . ; -
al. 2014 ) Nagar, Tripura foenum graecum (M.ethl), Erucg sativa (Arugula). 120-day old chicks were assessed. It was
! (ii) R& D team, Ayurvet reported that the chicks fed with herbal growth promoter at the rate of 500g/tonne basal
Ltd., Baddi, Himachal | feed showed much better growth and feed conversion ratio than the control group and
Pradeshh others fed with antibiotic growth promoter (Vetclin 112).
Sardarkrushinagar Studied the efficacy of Emblica officinalis (Amla) fruit powder as a growth promoter in
Patel et al Dantiwada Agricultural commercial broiler chickens. It was reported that the average body weight of the chickens
2016 ” | University, Banaskantha, | fed with E. officinalis powder along with basal diet was significantly higher at the end of
Gujarat 6th week. The use of this fruit powder as a growth promoter was also reported to be cost-
effective.
(i) Kemin Industries Compared the growth-promoting efficacy of Bacillus subtilis PB6 in broiler chickens with
South Asia Private that of antibiotic growth promoters.
Jayaraman Limited, India
etal, 2017 | (ii) West Bengal
University of Animal
and Fishery Sciences




shrimp has become possible due to the adoption of
new technologies, improved feed formulations, and
production of specific pathogen-free (SPF) post-
larvae. This intensification of farming practices to
achieve higher productivity targets often results in
disease outbreaks. Thus, in order to mitigate the
risk of disease outbreaks, antibiotics are used in
aquaculture farms, mainly as chemotherapeutic
agents. The list of antibiotics that are reportedly used
in the aquaculture sector in India and their status as
perthe WHO list of Critically Important Antimicrobials
for Human Medicine have been shown in Table 6.5.

6.2.2 Incidence of AMR in the aquaculture sector in
India

+ Lack of knowledge of farmers on
withdrawal period of antibiotic

+ Lacking knowledge in farmers
regarding the use of antibiotics on
food animals

+ Farmers tend to apply antibiotics
without maintaining the prescribed
doses frequency

+ Framers lack knowledge about
disposal of dead animals

+ Lacking awareness on disposal of
farm waste

+ Less attention is given by farmers on
controlling flies on farms

+  Applying antibiotics on food animals
for taking preventive measures

+ Using antibiotics to prevent secondary
bacterial infection occurred during the
outbreak of viral diseases

+ Farmers are compelled to administer
antibiotics for restricting diseases
caused by rodents

+ Farmers visit uncertified practitioners
for treatment of diseased farm
animals

+ Higher cost of probiotics and
prebiotics pushes farmers to use
antibiotics on the animal as a growth
promoter

Guidelines are not available to
veterinary doctors for proper choice of
treating animal disease

Lack of testing facilities for the
antibiotic residue of both domestic
and exportable animal foods

Absence of Government infrastructure
to make health care of farm animals
accessible to the farmers

Lacking infrastructural provision of
government to develop knowledge on
the environmental AMR

Absence of system for treating waste
generated from animal farms and
veterinary hospitals

Absence of
infrastructural support in

dealt with AMR

THEMES

Lack of awareness on
AMR among farmers

Factors influencing the

application of antibiotics in
animal farm

current Governance to

ENVIRONMENTAL DIMENSION OF AMR

Many studies on the prevalence of AMR bacteria
in aquaculture have been conducted by Indian
researchers, but many of these studies only
discussed the global scenario of AMR in aquaculture,
and could not, therefore, be considered for this
chapter. The few studies that included primary
observations on AMR bacteria and their resistant
pattern in both the freshwater and brackish water
aquaculture in the country have been considered.
The bacterial species that have been mostly
reported to develop AMR in aquaculture are E. coli,
Vibrio cholerae, V. parahaemolyticus, V. vulnificus,
Klebsiella pneumoniae, Salmonella spp., Aeromonas
hydrophila, A. caviae, A. enteropelogenes, A. punctata,

Ways to improve the quality

of food animals

+ Veterinary doctors should
be aided to prescribe
antibiotics rationally
Developing a composite
disease surveillance
protocol with special
attention to AMR
Need for surveillance of
the antibiotic usage in the
veterinary sector
Educating farmers on the
optimum utilization of
antibiotics in farm
management
Making a change in
behaviour amongst
stakeholders from
antibiotic prescription to

Present usage

Scenario

of

Antimicrobial
Resistance
(AMR)
in
Veterinary
Sector

Immediate alternatives
in India .

Restriction of OTC sale of
antibiotics

Promotion of composting
of farm waste by
following CPCB guideline
Vaccination of animals to
prevent disease attack
Use of low-cost natural
ingredients as immunity
boosters

Figure 6.7: Abstraction matrix of Klls from veterinary sector
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A. aquarorium, Pseudomonas spp., Edwardsiella
tarda, Enterococcus faecalis, Staphylococci aureus,
S. haemolyticus, S. epidermidis, S. saprophytics, S.
intermedius, S. kloosii. Most of the studies reported
the AMR bacteria and their resistance pattern the
fish or shrimp samples. Only few samples reported
AMR in the environmental samples such as water,
soil and sediment samples of aquaculture farms. In
a study from Kolkata, Abraham (2011) detected AMR
bacteria in the fresh water fishes. Two studies from
Kerala reported the resistance pattern of different
isolates of Vibrio sp. aquaculture products (Sudha
et al,, 2014; Sony et al., 2021). Some other similar
studies from Maharashtra, Tamil Nadu, Rajasthan
and Assam also reported the detection of AMR
bacteria isolated from fish or shrimp samples
(Marathe et al. 2016; Arumugam et al., 2017; Saharan
et al., 2019b; Sivaraman et al., 2020; Ramesh and
Souissi, 2021). The studies reporting the prevalence
of AMR in the environmental samples of aquaculture
sector in India, and their key findings have been
presented in Table 6.6.

6.2.3 Major gap identified from the scoping review:

+  Very few studies have reported antimicrobial
resistance in the water and sediment samples
taken from aquaculture farms along with the
fish/shrimp samples. However, more studies on
the impact of ARBs from the aquaculture sector
on the environment and on humans are required.

6.2.4 Alternatives to the use of antibiotics in
aquaculture farming

The use of antibiotics in the aquaculture sector in
India being a significant threat to human health and
the environment, thereis a need to develop alternative
therapies to prevent and control bacterial pathogens.
Some potential alternatives are currently being used
to develop better management practices as well as
sustainable aquaculture. Some of the alternative
compounds reported by Patil et al. (2016) and Aich
et al. (2018) have been discussed in Table 6.7.

6.2.5 Key informant interview (KII)

Based on the gaps identified from the scoping review,
key informants’ interviews (KIl) were conducted at 2
tiers — Tier-1 and Tier-Il. Tier-l includes aquaculture

Table 6.5: List of antibiotics used in the aquaculture sector in India, and their WHO status

Antibiotics WHO status of Critically Important Antimicrobials for Human Medicine
Amoxicillin Critically Important
Ampicillin Critically Important
Amikacin Critically Important
Azithromycin Critically mportant
Cephalexin Highly Important

Chloramphenicol

Highly Important

Ciprofloxacin

Critically Important

Dicloxacillin

Highly Important

Enrofloxacin

Critically Important

Erythromycin

Critically Important

Flumequine

Critically Important

Furazolidone

Important

Gentamicin Critically Important
Kanamycin Critically Important
Nalidixic Acid Critically Important

Nitrofurantoin

Important

Norfloxacin Critically Important
Oxytetracycline Highly Important

Penicillin Critically Important
Rifampicin Critically Important

Streptomycin

Critically Important

Sulfonamides

Highly Important

Tetracycline

Highly Important

Trimethoprim

Highly Important

Vancomycin

Critically Important

(Source: Abraham, 2011; Swapna et al., 2012; Joseph et al., 2013; Silvester et al., 2015; Chandra Bhushan et al., 2016; Rahiman et al.,
2016; Stalin and Srinivasan, 2016; Arumugam et al., 2017; Singh et al., 2018; Saharan et al., 2019b; Rathore et al., 2020; Narayanan et al.,
2020; Sivaraman et al., 2020; Rajan et al., 2021; Ramesh and Souissi, 2021; Sony et al., 2021)
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Table 6.6: Incidence of AMR in the aquaculture sector in India

Author & Year  Place of study Bacterial strain Bacterial sample collected from  Study findings and resistance pattern
Joseph et al,, Kerala Aeromonas Aquaculture products, sediment | Ampicillin (46.66%), nalidixic acid
2013 hydrophila, A. and water samples from (20%), tetracycline (6.66%), co-
enteropelogenes, A. | aquafarm trimoxazole (6.66%) and rifampicin
caviae, A. punctata, (6.66%).
and A. aquarorium
Silvester et al., | Cochin, Kerala | V. parahaemolyticus | Sediment and water samples Resistant to Amoxycillin (100%). A high
2015 of Cochin estuary and water percentage of resistance to ampicillin,
samples from adjoining sulphamethoxazole, and erythromycin
aquaculture farms was also observed.
Rahiman et al., | Kerala Samples from the natural Bacteria from water samples of
2016 environment included water, natural and culture environments
sediment, eggs, larvae, were frequently resistant to ampicillin,
postlarvae (PL), and gut samples | erythromycin, and penicillin, while more
of M. rosenbergii, and samples | than 50% of the strains from sediment
from the culture environment were resistant to erythromycin, nalidixic
included water, sediment, eggs, | acid, and penicillin.
feed pellets, and gut samples
Stalin and Tamil Nadu Vibrio harveyi Water suspended sediment V. harveyi was resistant to ciprofloxacin,
Srinivasan, samples of black tiger shrimp penicillin, and rifampicin,
2016 ponds
Singh et al., Punjab Vibrio isolates Soil, water and fish samples Showed resistance to ampicillin and
2018 from aquafarms erythromycin.
Narayanan et Kerala V. parahaemolyticus | Water, sediment and shrimp Cefotaxime (74%), cefoxitin (48.1%),
al., 2020 samples from aquafarm cefepine (44.4%), and ceftazidime
(29.6%).
Rajan et al., Kerala Methicillin resistant | Aquaculture farm environment Multi-drug resistance (72.3%),
2021 Staphylococci erythromycin (78.7%), norfloxacin
and trimethoprim-sulfamethoxazole
(53.2%), and gentamicin. (34%).

Table 6.7: A list of potential alternative compounds to antibiotic use in aquaculture

Compound Description

Probiotics Innocuous live micro-organisms to avoid bacterial infection. Probiotics that are currently widely used in aquaculture:
Lactobacillus spp., Streptococcus spp, Pseudomonas spp., Enterococcus spp., Nitrosomonas spp., Aeromonas spp.,
Saccharomyces spp., etc.

Indigestible components present in the diet that are metabolized by specific microorganisms prove to be helpful
L for the growth of the host. Prebiotics Most commonly used in aquaculture are: fructooligosaccharide (FOS),

Prebiotics . : P - . ; s ; .
transgalactooligosaccharide (TOS), inulin, glucooligosaccharide, xylooligosaccharide, isomaltooligosaccharide,
soybeanoligosaccharide, polydextrose, and lactosucrose.

Essential A natural volatile liquid extract from plants, that generally has antibacterial, antifungal, insecticidal properties. Most

oils studied essential oils are thymol from thyme and oregano, cinnamaldehyde from cinnamon, and eugenol from the
clove.

Phage Bacteriophages are known as viruses that can infect, multiply and kill susceptible bacteria. Phages have been studied

therapy for their therapeutic properties for controlling infectious bacteria.

farmers who are aware of antibioticusein aquaculture
practices, and Tier-ll includes Government officers/

6.9

scientists with knowledge in the relevant domain.

The abstraction matrices of both Tier-I and Tier-1l of

the KlIs have been presented in Figure 6.8.

to humans and vice versa have been shown in Figure

+  AMR bacteria from the 3 sectors can be directly

transmitted to humans through the consumption
of various contaminated food items.

6.3 Possible environmental transmission pathways

+  Poorlitterand manure managementin veterinary
farms can result in direct transmission of
ARB to humans through vectors such as flies,
which can cause serious health hazards such
as cholera, diarrhoea, etc. In addition, the
handling of infected animals can result in direct
transmission of ARBs to humans.

of AMR bacteriafrom the veterinary, and aquaculture
sectors to humans

Collating all the information from the various
literatures and key informant interviews, the possible
environmental transmission pathways of ARBs and
ARGs from the veterinary, and aquaculture sectors
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«  The use of litter and manures in agriculture can
contaminate the environment (soil and water)
with ARBs that can be transmitted to humans.
Moreover, ARBs present in crops and vegetables
can also be transmitted to humans through
food.

+  Apartfrom various other modes of transmission, -«
slaughterhouse wastes can be a potential
source of ARBs. Often slaughterhouse wastes
containing antibiotic residues and ARBs are
used as food for carnivorous fish like Clarias
gariepinus in many places in the country. These

THEMES

+ Lack of knowledge amongst
farmers regarding maintenance of
aquaculture products

+ The erroneous message is being
conveyed by unskilled persons
regarding the use of antibiotics in
aquaculture

Lack of awareness on
AMR among farmers

To contain the sudden outbreak or
seasonal disease of aquaculture
products

Irrational promotion of antibiotics
by the medicine companies and
even prescribed doses vary
between companies

Factors that influence
the use of antibiotics

+ Existence of a robust regulatory
mechanism for cultivating and
marketing of only exportable
products including frozen foods

+ Lack of guidelines regarding
antibiotic residues in aquaculture
products which are used for
domestic consumption

Lack of guidelines on
the use of Antibiotics

The quality testing facility is

available in MPEDA certified

laboratories only for exportable

products (including fish feed)

Lack of infrastructural facilities to

enforce guidelines of FSSAI for

domestic aquaculture products —
Farmers get untested seeds of fish [tbibrsalibul
Lack of capacity building Existing infrastructure
programs for farmers to develop
knowledge on the environmental
impact of antibiotic use

Lack of information regarding cost
effective tools among farmers
Lack of co-ordination between
Government officials and farmers
for need assessment

& support mechanism

wastes are also used in the lakes and ponds
having herbivorous fish, where they enhance
the organic matter content, resulting in more
phytoplankton production. The consumption of
contaminated fish results in the transmission of
ARBs to humans through the food chain.

Again, these ARBs from human reservoirs can
be transmitted to the environment through
sewage.

Way to improve the quality of
aquaculture products
+  Following MPEDA a
stringent regulation is
required to implement by
FSSAI
+ Infection detected in
cultivated products should
be immediately brought
under the National Disease
Surveillance program
+ Educating the domestic
seller on the importance of
quality checking of
aquaculture product
Scenario of
Antimicrobial
Resistance

(AMR) in
Aquaculture in
India

Immediate alternatives

+ Use of probiotics preferably
made with organic
materials
Management of pond
including water and soil
before cultivation
Use of environment friendly
compounds for treating
water
Increase in the number of
laboratories for testing of
cultivated products by
farmers

Figure 6.8: Abstraction matrix of KllIs in the aquaculture sector
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N

Slaughter house waste containing antibiotics
are often used in fish pond as the food for 29l

carnivorous fishes like Clarias gariepinus. & ;jmoﬁc

+ These waste are also used in fish ponds of S Transfer of antibiotic residue and
herbivorous fishes where it enhance the AMR bacteria in the environment
organic matter content that result into more through the organic manure

phytoplankton production. These practices

lead to the development of AMR in bacteria. F ‘

Manure

Transmission of

N AMR bacteria
Slaughterhouse - '-'Veswc" through vector/
waste [ = direct contact
— (. e~ ’, . e
NI \"\ o
\ NQ\ Vector Environment
Fish pond [
Food items
Antibiotic Transmission of antibiotic residue and
AMR bacteria through food items Transfer of AMR bacteria
£ from the environment to
W
P human and from human to
ag'\;( . again in the environment

through sewage

Transmission of antibiotic
_— residue and AMR bacteria
Aquaculture through consumption of
contaminated fish/shrimps

Human

Sewage

Figure 6.9: Possible environmental transmission pathways of ARBs from the veterinary and aquaculture
sectors to humans and vice versa
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other sectors

71 The pharmaceutical industry as a potential
source of antibiotic pollution

7.1.1 Overview of antimicrobial discharge related
pollution in India

According to the Indian Economic Survey of 2021,
the size of the domestic pharmaceutical market is
estimated at USD 42 billion. India’s pharmaceutical
industry supplies over 40% of generics inthe USA, and
25% of all medicines in the UK (https.//www.ibef.org/
industr

harmaceutical-india#:~:text=India’s%20

domestic%20pharmaceutical%20market%20

is,bio%2Dindustry%2C%20and%20bioinformatics).
It is estimated that predominantly available

antimicrobials in the international market is
manufactured by China and India (WHO, 2015).
However, the wastewater effluents from the antibiotic
manufacturing units often discharge untreated solid
and liquid waste into the environment, leading to
the contamination of rivers and lakes by antibiotic
residues. The environmental consequences of
pharmaceutical manufacturing remain unaddressed,
and contribute to widespread reports and concerns
about antibiotic pollution. As a result, a number of
global procurers of antibiotics have begun to adopt
green manufacturing practices. The Nordic countries,
for example, have started to include ‘sustainable
manufacturing’ in their selection criteria. Recently in
India a collaborative platform known as ‘Responsible
Antibiotic Manufacturing Platform (RAMP)’ has been
launched by joint venture of Stockholm International
Water Institute (SIWI) and Shawview Consulting with
an aim to tackle AMR through reduced emission of
antibiotics from the manufacturer.

In 2020,

India became the first country to

Antimicrobial contamination of environment by

draft guidelines to monitor antibiotic residues
in the environment (Govt. order no. CG-
DL-E-27012020-215690 Reg. no. D.L- 33004/99). But
these guidelines are yet to be implemented, and there
is much debate about the proposed concentration
levels to be measured. While there is a growing
body of studies by scientists, the industry and the
government, on the antimicrobial pollution and its
broad environmental consequence, very few studies
on the impacts of antibiotic pollution on human and
animal health exist.

7.1.2 Major findings from the scoping review of
literature on the incidence of AMR in pharmaceutical
effluents in India

Recent studies by researchers and scientists have
documented high concentrations of antibiotic
residues in different rivers across the country (Taneja
& Sharma, 2019). The state wise spatial distribution
of studies is shown in Figure 7.1. The findings
have indicated that significantly high amounts of
antibiotics (beyond residual limits proposed in Govt.
order no. CG-DL-E-27012020-215690 Reg. no. D.L-
33004/99) could be detected in the urban waters.
The risk quotient (RQ) of urban waters was higher
than reported for other Indian rivers. The study
also highlighted those metals such as cobalt and
manganese appear to induce antibiotic resistant
bacteria (ARB) in the environment and is interlinked
with resistance development.

The seriousness of this problem has prompted
the Green Tribunal to lay down a Green Tribunal
pollution order with respect to the pollution of River
Musi by the bulk drug and formulation industry and
other sources. A monitoring committee report is

' https://www.ibef.org/industry/pharmaceutical-india.aspx

' Withdrawal periods simply denotes the period between the first application of a specific antibiotic in an animal and the fall in its
residues in the animal, below the Maximum Residue level (MRL), so that foodstuffs may be produced from those animals. Withdrawal
periods should never exceed 28 days for livestock and 500 degree-days for marine products. In the case marine products, the period must
be calculated. For example, if the fish is cultured at 20°C, the withdrawal period is 25 days (500/20 =25), i.e., the estimation of withdrawal

periods is regulated by environmental conditions.
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Figure 7.1: Spatial distribution of the number of studies on environmental contamination of resistant
bacteria through pharmaceutical effluents

noteworthy in this regard for highlighting remedial
action plan on river Musi as received by National
Green Tribunal and CPCB (OA No 426 of 2018).
Similar case studies have been conducted by other
organizations, such as the study of the Sirsa river
in Solan by the Veterans Forum for Transparency,
and the study of Thane Belapur common effluent
treatment plant (CETP), conducted by IIT Mumbai.

Aziz et al. (2018) explored the effluents being
discharged into the waters of river Yamuna, Delhi,
and their impact on the environment in India.
Williams et al. (2019) studied the environmental

effects of wastewaters in Udaipur, which contributed
to the water sources around the urban areas in the
environment containing up to 1900 ng/L of certain
antimicrobials. Bajpai et al. (2019) found nitrates,
silica, and selected antimicrobials, including 2 strains
of isolated multi-first-line drug resistant microbes in
66.7% of the groundwater samples tested from the
various parts of the country. Sakeena et al. (2018)
studied the attitudes of healthcare professionals and
pharmacists towards pharmaceutical pollution.

Hatha et al. (2020) estimated the virulence-enhancing
mechanism of E. coli, pathogenic Vibrio sp. and

Table 7.1: Major findings from the scoping review of available literature on the incidence of AMR

Author Study area Description and key findings
Dixit et al., 2013 | New Delhi, | Antimicrobial resistance and emergence of New Delhi metallo Beta lactamase. 15%
India of the sewage samples were found to have resistant bacterial growth. Environmental

impact assessment in this context was studied to some extent.

Bengtsson Hyderabad, | About 13% of the samples tested were found to be resistant to fluoroquinolones and

Palme et al., India caused environmental degradation in Hyderabad. The environmental aspect was also

2014 addressed.

Skariyachan et | Karnataka, | Elucidated the profiling of fecal coliform. About 44.7% of the coliform bacteria studied

al.,, 2015 India were found to have one or more sites of resistance in their genetic constitution, but
environmental impact assessment was not carried out.

Taharni et al., Coimbatore | Studied and evaluated 113 antibiotic-resistant bacteria from pharmaceutical industrial

2015 effluents and wastewaters in Coimbatore.

Lubbert et al., Hyderabad, | The lack of surveillance and management of wastewater in the environment leading

2017 India to environmental contamination and development of resistant organisms was
reported.




ENVIRONMENTAL DIMENSION OF AMR

aeromonads due to environmental contamination
and cross resistance. A study conducted by Alsan et
al. (2018) on the theme of poverty and community-
acquired antimicrobial resistance with extended
spectrum beta lactamase-producing organisms in
Hyderabad, India, found that 7.4% of the samples from
urbanslumenvironmentshad ESBLresidues. Another
interesting study from West Bengal, conducted by
Barbhuiya et al. (2021) found that the maximum
concentration of antimicrobials ciprofloxacin and
ofloxacin in the wastewater samples of West Bengal
were 17.8 pg/L and 3.4 ug/L, respectively, leading
to the accumulation of antimicrobial residues in the
environment. The minimum inhibitory concentration
(MIC) of the bacteria was found to be 25 and 40
Mg /L, respectively. The study also demonstrated
that human factor-influenced aquatic environment
fallouts had residue concentrations up to 35 pg/
ml of Multi drug resistant (MDR), Extensively drug
resistant (XDR), and Pan drug resistant (PDR) strains,

Doxycyline
Ampicillin

Sulfamethoxazole

Antibiotics

Ciprofloxacin
Clarithromycin

Levofloxacin

with impacts on the biotic and abiotic environments.
Figure 7.2 highlights the antimicrobial levels
detected in the environmental samples of the bulk
drug manufacturing units, sewage treatment plant
and Musi River in Hyderabad (Libbert et al., 2017)
and Figure 7.3 depicts the resistance of bacterial
strains to some extended spectrum beta lactam
antibiotics obtained from industrial waste effluents
(Shukla et al., 2021).

7.1.3 Major gaps identified from this scoping review:

+ There is a lack of research to link wastewater
and groundwater pollution mapping in the
environment to pharmaceutical industrial
discharge. Although some studies on antibiotic
pollution have been conducted, they are
restricted to certain cities like Hyderabad, Pune,
Delhi, Guwahati, etc.

+  The effluent waste discharges from a number

44.7

| T

0 10

T T T 1

20 30 40 50

Highest values (pg/L) of individual antimocrobials in the sample

Figure 7.2: Detection of active pharmaceutical ingredients in water samples of the bulk drug manufacturing
units, sewage treatment plants and Musi River in Hyderabad.

Resistance of bacterial strains to beta lactum antibiotics obtained
from industrial waste effluent (Shukla et al., 2021)
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W Ampicillin 80
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71 100

Figure 7.3: Resistance of bacterial strains to some beta lactam antibiotics obtained from industrial waste
effluents




of pharmaceutical companies that are involved
in manufacturing antibiotics (both APl and
formulation) is not available in the public domain

+  There is no existing research on the extent of
environmental impact of the waste produced by
the pharmaceutical industry

+ There are no universally accepted methods
for monitoring antibiotic residues in the
environment. The challenge becomes more
acute in CETPs, where it is difficult to isolate
antibiotics from other waste materials.

+ The cost of conducting laboratory tests to
measure water samples for the detection of
antibiotics is very high, and these tests are
difficult to undertake.

7.1.4 Key informant interview (KII)

Interviews were conducted with stakeholders
from the pharmaceutical sector for developing
the abstraction matrix of Kll. The interviews were
conducted with stakeholders from 2 tiers — Tier-I (1
medical store owner) and Tier-Il (2 scientists and 1
environment officer from a pharma company). The
abstraction matrix is presented in Figure 7.4.

7.2 Biomedical waste as a potential source of
antibiotic pollution in the environment

7.2.1 Background

Biomedical waste (BMW) is any waste produced

+ CPCB and SPCBs have strong vigilance, maintenance of
database in the server and surprise inspection of plants
+ To prevent groundwater contamination effluent discharged of

pharmaceutical industries is being treated following
Environmental (Protection) Act, 1986 and MoEF&CC
guidelines

+ Outsourcing of solid waste by third party agency

+ Guidelines prescribe for managing expired drugs in medical

store, which is checked by regional drug inspectors at a
certain interval

+ Need of inclusion Zero liquid discharge in upcoming guideline
+ Need of provision also in guideline for pretesting of level of

AMR bacteria in discharged water before recycling

+ Industries or plants tend also to reach the level of zero liquid

discharge

+ Need of capacity building among pharmacy students and
personnel to develop knowledge for containing spread of

AMR in environment
+ Felt need of strengthening QC unit in pharma industries
following the example of European countries
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during the diagnosis, treatment or immunization of
human/animal, research activities, in the production
or testing of biological elements, and in health
camps. BMWs are first characterized, then quantified,
segregated, stored, transported, and treated. The
basic principle of good BMW practice is based on the
concept of reduce, recycle and reuse. The best BMW
management (BMWM) methods aim at avoiding
generation of waste or recovering as much waste as
possible, rather than disposing all of it (Datta et al.,
2018; Joshi et al., 2015; Saha et al., 2019; Joshi et al.,
2018).

Though only about 10%-25% of BMW is hazardous, it
presents physical, chemical, and/or microbiological
risk to the general population, healthcare workers,
and the environment (Datta et al., 2018). Many
Indian studies have found evidence of carbapenem-
resistant Enterobacteriaceae and New Delhi
Metallo-B lactamase-1 (NDM-1), high numbers of
colistin-resistant and  carbapenem-hydrolyzing
Proteobacteria in hospital-generated wastewater. A
study conducted in several districts of West Bengal,
with water samples from hospital-associated areas
(HAA), including untreated hospital wastewater from
out-falls to community drains and natural water
bodies within hospital premises belonging to 11
government-run hospitals, reported the presence
of a high proportion of isolates that were non-
susceptible to the widely-used antibiotics cefotaxime
and piperacillin/tazobactam (Bardhan et al., 2020).

THEMES

Existing infrastructure to

inhibit the spread of AMR
pathogens

Scopes to curtail
spread of AMR in

India through
Pharmaceutical
Industries

Felt need of upgradation of

present guideline

Scope of improvement in
existing infrastructure by
capacity building of personnel

Source: Kll of Tier -2 (3) of Pharma Industries

Figure 7.4: Abstraction matrix of Klls in the pharmaceutical sector
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Some of the major findings from other India-based
studies have been discussed below.

There are several studies on the environmental
AMR through bio-medical waste all over the country
(Figure 7.5). Diwan et al. (2010) found evidence
of antibiotics entering the aquatic environment
through hospital effluent and landfills. The disposal
of hospital waste is very hazardous, and increases
resistant bacteria in the recipient sewers through
mechanisms like introduction and selection
(Omoni et al,, 2015). Being an important part of
biomedical wastes, antimicrobials are transmitted
into the environment through sewage effluents and
landfills, and can cause AMR. A study conducted
in a tuberculosis hospital in North India reported
that Carbapenem resistant organisms (namely the
carbapenamases) are in a high-circulation burden
within the human gut, revealing that hospitals are
providing an environment for resistance origination
and amplification. The magnitude of this problem
can be inferred from the results of this study, where
a large number of the organisms (62.3%) collected
from an effluent treatment plant (ETP) were found
to be phenotypically resistant to a carbapenem
drug (imipenem), with resistant organisms being
found in substantial numbers in both the incoming
(48.8%) and outgoing (51.2%) wastewater streams.
Moreover, the spread of resistance from around half
of the incoming stream organisms (53.8%) to around
three-quarters of the outgoing stream organisms

(73.3%) further emphasizes the point that resistance
amplification does occur in sewage through some
kind of gene transfer, possibly horizontal gene
transfer (P<0.05). In a similar survey of effluents from
several geographically-dispersed wastewater plants
in the USA, 20.2% of the isolates were imipenem
resistant (Aggarwal, et al., 2020).

Antimicrobial resistant bacteria detected in
wastewater can correlate to the antimicrobial
resistant bacteria (ARB) causing infections within
the facility, but that is not always the case. The fact
that hospital effluent almost always mixes with
wastewater from the community making it difficult
to determine the original source of specific ARGs or
resistant bacteria that are received at community
wastewater treatment plants (WWTPs). This is
particularly challenging in locations where there
is a comparatively high prevalence of ARB in the
wider human or animal population, or the natural
environment.

Clearly defining the root source of antimicrobial-
resistant bacteria detected in a given wastewater
influent is difficult, and is a knowledge gap in
understanding which mitigation measures will be
most effective. Similarly, levels of antimicrobials
detected in wastewater is not always related with
antimicrobial use in the healthcare facility. This is
partly because degradation of antimicrobials and
survival of bacteria in the environment depends

up

b

Figure 7.5: State wise distribution of number of studies that reported
environmental AMR from bio-medical waste



on several factors. For example, antimicrobial half-
lives range widely from minutes to tens of days,
and survival rates of resistant bacteria are also
geographically-dependent and highly variable. The
relationship of both antimicrobials and antimicrobial-
resistant microbes in wastewater also depends on
location because there are different environmental
temperatures and resistant colonization rates across
the globe.

In 2016, the amended BMW rules have created the
scope for inclusion of various health camps, such
as vaccination camps, blood donation camps, and
surgical camps, in the segregation, packaging,
transport, and storage of BMW waste. In addition,
the healthcare facility (HCF) has to do pre-treatment
of various laboratory wastes and blood bags, to
decrease chances of infections being transmitted
to healthcare workers (HCWs) handling waste at
treatment stage, according to guidelines of the WHO
and other agencies.

As per the updated rules, plastic bags, gloves, and
blood bags have to be phased out within two years
to eliminate emissions of dioxins and furans during
their burning into the environment. The rules also call
for a bar code system for all bags/containers used
for BMW treatment and disposal. This step will help
in tracking and identifying bags during inspection
for quality control and quality assurance. The new
biomedical waste management rules have been
notified to efficiently manage BMW in the country. In
addition, strict rules have been made to ensure no
pilferage of recyclables, secondary handling, and
inadvertent scattering or spillage by animals during
transport from the HCFs to the common BMW
treatment facility (CBMWTF). There are presently
198 CBMWTFs in operation in India, 28 of which are
under construction. There is a great need for rapid
development of many more CBMWTFs to fulfill the
need for the treatment and disposal of all BMW
generated in India.

However, wastewater-based epidemiological
(WBE) surveillance and newer technologies for the
treatment of BMW can reduce the development of
environmental AMR through BMW. According to
the WHO, the global life expectancy is increasing
year after year. However, deaths due to infectious
disease are increasing. A study conducted by the
WHO in 2006 reveals that more than 50,000 people
die every day from infectious diseases. One of the
major causes for the increase in infectious diseases
is improper waste management.

ENVIRONMENTAL DIMENSION OF AMR

7.2.2 Environmental management system

The environmental management system (EMS) is
a broad framework aimed at providing effective
direction to an institution in response to changing
external and internal factors. The most commonly
used technique for the disposal of BMW in India is
incineration. It is a controlled combustion process
where waste is completely oxidized and harmful
microorganisms present in it are destroyed/
denatured under high temperature. Datta et al.
(2018) reported that countries like Denmark also use
waste-to-energy incineration extensively, in localized
combinedheatand powerfacilities supporting district
heating schemes. The environmental framework or a
customized version of it may be adopted to minimize
biomedical waste in India.

7.2.3 Incidences of AMR in the bio-medical wastes
(BMW) in India

Several authors have studied the AMR bacteria in the
bio-medical waste in India have been shown in the
Table 7.2

Aggarwal et al. (2020) reported the prevalence
of carbapenem-resistant organisms in various
countries. Hanna et al. (2020) found resistant strains
and patterns in the river waters associated with a
healthcare facility. Figure 7.6 illustrates the findings
from a study by Bardhan et al. (2020), showing the
prevalence of Proteobacteria in waterbodies in West
Bengal. Similarly, Figure 7.7 illustrates the findings
from studies reporting resistant strains from BMW
facilities.

7.2.4 Major gaps identified from the scoping review

« There is a lack of research linking the antibiotic
residues in BMW and their development and
subsequent transmission to the environment

+  Wastewater-based  epidemiological  (WBE)
surveillance and other newer technologies for
treatment of BMWM can reduce the development
of environmental AMR through BMW.

7.2.5 Key informant interview (KII)

For developing the abstraction matrix of Kll for the
biomedical sector, interviews were conducted at
2 tiers — Tier-l (1 respondent from a third-party
waste management agency) and Tier-ll (2 hospital
management personnel and 1 officer from state
pollution control board). Figure 7.8 shows the
abstraction matrix.
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7.3 Antibiotic-resistant bacteria and genes in water
or the environment

7.3.1 An overview of AMR bacteria/genes in water or
the aquatic environment:

Antimicrobial resistant bacteria (ARB), antimicrobial
resistant genes (ARG), and antibiotics are the 3
major contaminant components responsible for
antibiotic resistance in environment, besides the
conventional contaminants like PAH, pesticides,
and heavy metals. The main source of the above-
mentioned components is untreated effluents from
hospitals, domestic sewage, and the industrial sector
(pharmaceuticals). Apart from wastewater, other
liquid and solid wastes can also introduce a cause for
the release of ARB in the environment. It has already
been reported that the majority of antibiotics used
are not completely absorbed in human and animal
bodies. This helps to increase exposure of microbial
communities inside our body and contributes to the

pool of resistant genes among human pathogen
(Rutgersson et al, 2014). Various studies have
reported Escherichia coli which forms a part of the
bacterial commensal flora of the human and animal
gut. Furthermore, various factors, such as physico-
chemical environments, and temporal and seasonal
variations are responsible for the transmission of
antimicrobial residues from the aquatic environment
to the soil or sediment (Diwan et al, 2018).
According to some studies, most of the bacteria
detected showed resistance to commonly used
antibiotics such as ampicillin, amoxicillin, cefixime,
tetracycline, polymyxin, ofloxacin, gentamycin,
carbapenems and, most importantly, the B-lactam
group of antibiotics. It has been predicted that the
antibiotic consumption in low-and-middle-income
countries (LMICs) will be increase up to 200% by
2030. In the aquatic environment, microorganisms
are exposed to multiple drug residues, and their

Table 7.2: Major findings from scoping review of available literature on AMR development from BMW in India

Author Study area and findings/description

Diwan et al., 2010
a hospital in Ujjain, India.

Emergence of antibiotic-resistant bacteria in the waters and environment associated with

Kapoor et al., 2014

Knowledge and awareness regarding BMWM in dental teaching institutes in India

Upadhyay et al., 2015

TEM-mediated extended-spectrum cephalosporin resistance in clinical and
environmental isolates of gram-negative bacilli in northeast India.

Sarotra et al., 2016

Healthcare professional training in BMWM at a tertiary care hospital in India.

Aggarwal et al., 2021

Found metallo-beta-lactamase enzyme gene bla
gram-negative bacteria from the effluent treatment plant of a hospital in Delhi, India.

vom; @ssociated with the Int-T gene in

Bardhan et al., 2020

Depicted prevalence of colistin-resistant, carbapenem-hydrolyzing Proteobacteria in
waterbodies in the vicinity of a hospital in West Bengal, India.

Singh et al., 2020

Showed that a structured training on all aspects of BMW can have statistically significant
improvement in healthcare workers (HCWs).

Kapoor et al., 2021

Evaluated low-cost phage-based microbial source tracking tools for elucidating human
fecal contamination pathways in Kolkata, India. Environmental impact was studied.

Prevalence of Proteobacteria in Hospital Water Bodies and
Out-Falls of West Bengal, India(Bardhan et al. 2020) (n=84)
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Figure 7.6: Prevalence of Proteobacteria in waterbodies in West Bengal (Bardhan et al., 2020)
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Studies reported resistant bacterial strains from Biomedical Waste (n=43)
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Figure 7.7: A representation of studies reporting resistant strains from BMW facilities

All the discarded drugs including expired THEMES

antibiotics are sent to a Central store,
further outsourced by a third party
agency

Segregated hazardous wastes are being

outsourced

Liquid hazardous biomedical waste is
subjected to treatment in ETP or with
bleaching power in the hospital
premises before discharging as general
waste

A senior nurse or management
personnel is responsible for processing
biomedical waste in hospital, monitored
by Internal Committee and sometimes
government environmental specialist
Medical staff are provided with training
on infection disease control at a regular
interval including rational use of
antibiotics towards containing
environmental AMR

Development of parameters for
determining the level of antibiotic
residues in the environment has not
been undertaken so far

Despite the spread of AMR bacteria in
the environment, consequences of the
same remain unknown, resulted in
unaddressed at the government level
Advocacy is needed on this emergent
issue

Management of discarded antibiotics
waste is beyond the purview of the
mandate of CPCB

Gap identified in BMW (Biomedical
Waste) Management rules, 2016 on
segregation of expired drugs from other
waste leading to AMR in India

Lack of guidelines for stringent
monitoring and documentation of
biomedical waste in the government
hospital

Existing system of
treating biomedical
waste in Government
hospital

Antimicrobial
Resistance
(AMR) in
Biomedical
Waste in India

Absence of guideline on
antibiotic residual level

Need for creation of scope
for AMR policy in waste
management agencies

Need for updation of
BMW 2016 rules
encompassing ways to
deal antimicrobial in
biomedical waste

Ways to upgrade effluent

treatment

+ Making an artificial
tank for treating of
infectious pathogens
of discharged effluent
is supposed to be
incorporated in
government
guidelines

+ Strengthening the
monitoring of
biomedical waste
treatment in
government hospitals

Figure 7.8: Abstraction matrix of Klls from the biomedical sector
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frequent exposure to these residues may lead to
mutations and development of new strains. These
multidrug resistant (MDR) bacterial inhabitants pose
a significant risk of community transmission. Some
strains of bacteria have also been found to exhibit
resistance to metallic ions in addition to antibiotics
(Azam et al., 2016). In a study conducted by Mitchell
etal. (2021), the temporal association of AMR among
children aged between 1 and 3 years, animals,
and water sources, like drinking water sources,
household water, and wastewater sources from the
same community area of rural India was delineated.
After analyzing the stool samples of both humans
and animals, and water samples, the authors found
a significant relationship between human antibiotic
resistance and household drinking water, compared
to other sources.

Antibiotic resistant genes (ARGs) are the core group
of the structural elements of a resistant bacterium.
Usage of antibiotics may accelerate the growth of
ARGsinresistantbacteria. Aroundahundred varieties
of ARGs have been found to decode a broad range
of antibiotics which have been found in pathogenic
microbes, present not only in hospital and animal
husbandry wastewaters but also in sewage, WWTPs,
surface water, groundwater, and drinking water.

7.3.2 Sources of antibiotics and the contamination
of the aquatic environment

The major sources of environmentally-relevant
antibiotics are WWTP influents and effluents,
secondarily terrestrial runoffs, and effluents
from landfills and farms, including atmospheric
deposition. In case of the aquatic environment,
ciprofloxacin and fluroquinolones antibiotics are
most commonly used, and appear to pose a great
risk for aquatic biota and humans. In India, most
sections of the pharmaceutical industry discharge
a large quantities of effluent containing high levels
of broad-spectrum antibiotic, whose residue may
develop antibiotic resistant pathogens.

According to Mutiyar & Mittal et al. (2014),
ciprofloxacin, and fluoroquinolone groups of
antibiotics may cause high risk assessment in
waterbodies. It was found that the presence of
antibiotic residue in waterbodies may cause high
valueresultin hazardous quotient (HQ) values that are
high. The concentrations of HQ present in industrial
effluents are higher than other water matrices. When
industrial effluents flow into waterbodies, antibiotic
residue contained in the effluents may create
environmental risk using HQ approach. Studies have

also reported that groundwater also contains high
levels of antibiotic residue.

Some studies that tested wastewater samples from
different sources like tertiary care hospitals, effluent
treatment plant (ETP), and sewage treatment plant
(STP), have indicated that E. coli, S. aureus, and P.
aeruginosa found in the samples were resistant
to  extended-spectrum  B-lactamase  (ESBL),
fluoroquinolone, extended-spectrum-cephalosporin
(ESC), and carbapenem. Apart from this, some
isolated strains also showed 100% resistance to
lead, zinc and some applied antibiotics. Maximum
incidences of metal-antibiotic double resistance
exist in Lead + all antibiotic (100%), whereas, copper
+ penicillin, and nickel + ampicillin showed 95%
resistance. In addition, blaNDM gene was also
detected, and showed carbapenem resistance
(Diwan et al., 2012; Chauhan et al., 2015; Akiba
et al, 2016). According to Lubert et al, (2017),
insufficient wastewater management by bulk drug
manufacturing facilities leads to unprecedented
contamination of water resources with antibiotic
residue. This study reports that, in a total of 23
environmental samples, 100% of the isolates were
ESBL positive, whereas >95% of the isolates showed
carbapenem resistance. According to Kumar et al.
(2013) and Poonia et al. (2014), isolated E. coli and
Klebsiella sp. from water sources showed 17% and
50% and 13% and 72% resistance respectively to the
third-generation antibiotic cephalosporin. Marathe
et al. (2017) have concluded that the ARGs in river
sediment was 30 times higher within the city than
the upstream sampling sites. Last-resort antibiotic
colistin resistant gene mcr was also detected from
the upstream site. There is a strong correlation
between the abundance of Acinetobacter and OXA-
58 carbapenemase gene (more than 23rd fold higher)
and tigecycline resistance gene tet(X) (>206-fold) in
the samples.

7.3.3 Representative studies on the presence of
antibiotic resistance bacteria in the soil/sediment
in India

Natural soil is a diverse pool of bacterial species.
The use of untreated wastewater in irrigating soil is
the primary reason for the presence of ARGs in soil/
sediment. Inseveral studies,ananalysis of resultswas
performed as a co-selector of antibiotics resistance,
revealing the moderate-to-high concentration of
metals like copper, mercury, cadmium, and zinc in
the soil, compared to the water environment, soil/
sediment is the main reservoir of heavy metal &



antibiotic resistant bacteria (Nguyen et al., 2019). P.
aeruginosa & E. faecium were the most considerable
bacteria present in the sediment. Several reports
explain that in soil contaminated with heavy metals
(most commonly cadmium), there is a significant
relation between MDR and metal tolerance.

A study by Bhattacharya et al. (2019), which was
mainly focused on the distribution of ARG/ARB in
relation to heavy metals / PAH concentration in
mangrove sediments, collected sediment samples
from the Sundarban estuarine system, that
experience huge anthropogenic influence. 18 MDR
bacterial strains were isolated from the mangrove
estuary. A study by Malik et al. (2011) revealed
the resistance mechanism of Pseudomonas spp.
against metal and antibiotics in agricultural soil.
The authors had collected water samples from
different sources like the Yamuna River, wastewater,
groundwater, that are used for irrigation purposes.
Around 87.5% of isolates were found to be resistant
to sulphadiazine, whereas 79.1% were resistant to
both ampicillin and erythromycin. It was also found
that soil irrigated with groundwater contains fewer
metals and antibiotic resistant pathogen, whereas
soil irrigated with wastewater and surface water
has a high concentration of metals and antibiotic
resistant pathogens.

According to a study by Diwan et al. (2018), seasonal
variation also plays a vital role in the accumulation of
ARBs & ARGs in the sediment. Isolated E. coli from
sediment showed significant meropenem resistance
in the autumn season. The study also revealed that
the physico-chemical characteristics of soil may
also be responsible for the accumulation of antibiotic
residues in the soil. As a result, sulfonamides
showed a high value of sorption with respect to the
pH concentration of soil.

7.3.4 Major gaps identified from the scoping review:

+ WWTPs and STPs generate effluents and sludge.
Solid and liquid waste from livestock farms
contain significant levels of ARBs and ARGs, and
antibiotic residue are released into water bodies
without being treated. Such improper waste
management and disposal poses a serious threat
to human health as well as the environment

+  Poor sanitation practices are one of the main
causes of environmental AMR

« At industrial sites, effluents are not monitored
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regularly, to avoid formation of antimicrobial
resistant organisms

+  Thereisalack of knowledge or awareness among
the farmers regarding the use of wastewater for
irrigation and pisciculture

7.4 Plant agriculture / plant agro-farming

7.4.1 Overview on the usage of antibiotics in the
agricultural sector

The purpose of using antibiotics in plant agriculture,
over the last few decades, is to control various
bacterial diseases. Antibiotics are mixed along with
synthetic chemicals to form antibacterial, antifungal
compounds. Together,these are commonly known as
pesticides, insecticides, fungicides, and herbicides.
Globally, plant agriculture most frequently uses
antibiotics  like streptomycin, oxytetracycline,
tetracycline, aminoglycosides, B-lactam, macrolides,
and sulphonamides, which may pose a significant risk
to the environment. Out of all the above-mentioned
antibiotics, streptomycin is the most widely used,
followed by oxytetracycline to control fire blight
disease in plants in the USA (Taylor et al., 2020). In
the Indian subcontinent, farmers use antimicrobials
because there are very few formulations of
insecticides that can address disease-causing
pathogens like rice blast or some other plant
disease. In recent times, some good antimicrobials
have shown their efficacy against plant diseases like
rice blast, and rot disease in potatoes. But the use of
these antimicrobial formulations in comparison with
market-based pesticides is quite low. Aside from this,
the use of organic manure (poultry litter, manure from
livestock, etc.) in plant agriculture is another major
source of ARB in the agricultural environment (soil,
water, and crop), that gets transmitted to humans
through the food web. Apart from this, residues
and metabolites of antibiotics also contaminate our
surrounding environment.

7.4.2 Possible transmission pathways of
antimicrobial agents, ARB and ARG from the agro-
ecosystem to the environment:

The agricultural system is critically responsible for
transmission of antibiotic resistance mechanism
into the environment through different pathways.
Depending on seasonal variations, antibiotic dosage
is applied to crops. Direct or indirect application
of antimicrobials to plant agriculture can create
environmental pollution by contaminating agricultural
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soil, groundwater, and surface water while it's the
residues affect human health (Figure 7.9).

According to the Central Insecticide Board and
Registration Committee, Department of Agriculture,
Cooperation and Farmers Welfare, under the
Ministry of Agriculture and Farmers Welfare (2021),
prescribed guideline on the major use of antibiotics
added with chemicals formulation to form fungicides
and insecticides. Insecticides are used as foliar
spray to control diseases like fire blight, citrus canker,
bacterial leaf spot, bacterial leaf blight, soft rot and
so on (Table 7.3). Similarly, Table 7.4 describes some
chemical properties of formulations containing
antibiotics and pesticides, thus emphasizing
environmental risks.

7.4.3 Scoping review on the use of antimicrobials in
plant agriculture

Kalia and Gosal (2011) have conducted a study on
the uses of antibiotics along with pesticides in the
production of cotton (45% of total pesticides), rice
(23% of total pesticides), fruits and vegetables
(approximately 8% of total pesticides), cereals, oil,
seeds, and pulses (6 -7% of the total pesticides).
Indian states such as Haryana, Uttar Pradesh,
and Punjab have the highest rates of pesticide
consumption in the agriculture sector. A study
conducted by Subhas et al. (2017) focused mainly on
the state-wise consumption of pesticides per hectare
in India. The report of the expert committee of the

Poultry litter/livestock used
as organic manure, contain
huge amount of antibiotic

residue/ ARGs/ ARBs

Contaminate agricultural
soil & water

Contaminate other
aquatic system

in human body.

Plant agriculture

Consumption of contaminated food,
vegetables or use of contaminated
water allow to transmit ARBs/ARGs

Central Insecticide Laboratory (CIL) and the State
Pesticide Testing Laboratory (SPTL) has mentioned
that a total of 28 antibacterial/antifungal chemical
compounds (pesticides) have been banned for
manufacturing, import, and use, while 13 pesticides
are also restricted, and 8 have been withdrawn. Such
a study shows the antibiotic resistance genes at
various levels of the ecosystem, due to application
of antibiotic-rich manure and spraying of antibiotic
onto the crops (Mann et al., 2021).

7.4.4 Gaps identified from the scoping review

Thereisalack of awarenessamongfarmersregarding
safe application practices of pesticides, their effect
on a particular crop, and their environmental impact.
It is economically viable for the farmer to administer
antimicrobials depending on the incidence of plant
diseases and the extent of crop damage. There is
no sustainable methodology to remove the existing
residues of harmful antibacterial/antifungal agents
or pesticides from the soil or agricultural products,
and to protect against environmental pollution.

7.4.5 Key informant interview (KII)

For developing the abstraction matrix of Kll in the
plant agriculture sector, interviews were conducted
at the Tier-Il (one scientist and one govt. official of
agriculture dept.) level only. Figure 7.10 illustrates
the abstraction matrix).

Direct use of antibacterial
agents on crops/vegetables
to control disease causing
pathogens.

v
Transfer of ARBs/ARGs
in vegetables/plants

Figure 7.9: The transmission pathway of ARBs/ARGs from plant agriculture to humans or the environment
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Table 7.3: Most commonly used antibiotic formulations and pesticides in different crops/vegetables

Antibiotics in combination

with chemicals Applied area Method of application
Fire blight disease of apple Duly advisable to spray during blossom time
Citrus canker of citrus Sprayed over the foliage and young fruits
Streptomycin Sulphate Soft rot, bacterial brown wilt, Applied over the seed before planting
90%+Tetracyclin and ring disease of potato

Hydrochloride 10%
Bacterial leaf spot in tomato Sprayed over the seedlings

Bacterial leaf blight in paddy Applied during seed treatment and seedling
treatment.

(Source: Central Insecticide Board & Registration Committee, Department of Agriculture, Cooperation & Farmers Welfare under the
Ministry of Agriculture & Farmers Welfare, 2021)

Table 7.4: Some chemical properties of antibiotics along with pesticides emphasizing environmental risk

Property Environmental Risk

Mobilit Through leaching, run-off potentiality & volatile properties these compounds are enter
y into the environment.

Partitioning Through bioaccumulation & run off from sediment, soil they enter into the environment.

Persistence Due to biodegradation the antibiotic residue remains persist into the environment.

(Source: Ramakrishnan et al., 2019)
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+  Enactment of Insecticide Act prohibited THEMES Scope of upgrading

importing, selling and manufacturing of existing infrastructural
unregistered insecticides including

egist support
antibiotic . _ _ + Development of

+ Central Insecticide Board and Registration E3 S k1L Ja 8 G0 remote sensing and
Committee published periodically a list of EOYsNTERE NG AL GIS based
fungicides formulation including application of antibiotic surveillance
antibiotics and its time of application formulation on crops mechanism

+ Framers are guided by government
personnel or input dealer on the use of
antibiotic formulation highlighted in
government guideline

+ Government guideline
is needed on bacterial
disease control

+ Surveillance is
needed for diagnosis

+ Having the desire to make more profit or and management of

to avoid crop loss due to bacterial Present o
diseases, farmers use an overdose of Lack of awareness Scenario of bacterial disease
antibiotic among farmers on use of | ansirioropia) IS SRS LS

+ Farmers are not aware about the antibiotic Resistance 2:2‘;;}?::;;?::?0%?;3”
economic threshold level of crop failure (:;Vrlz)u::\u:al:t combination with a

+  Preponderance of some bacterial India range of fungicides,

insecticides and
fertilizers in various
agro-climatic zones

diseases amongst some vegetable

+ Seasonal attack of bacteria on crops,
especially in rainy season Factors influences over

+ Availability of fungicides in a form of
formulation with antibiotics is likely to

increase unnecessary application of
antibiotic on crops

Best practices

+ Changing cropping cycle
in subsequent years or
delaying in the
cultivation of a series of
crops to reduce the load
of a particular pathogen

+  Wide application of
traditional practice to
prevent pest attack

+  Extensive use of disease
resistant cultivators

« Lack of resources in agriculture
extension department to render service
more number of framers

+ Lacking bacterial disease surveilling Lack of existing
mechanism infrastructural & support

+ Lacking capacity building program on mechanism
farmers regarding the development of
knowledge and use of antibiotics at an
optimum level

Figure 7.10: Abstraction matrix of Klls from plant agriculture
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effectiveness

In a developing country like India, the indiscriminate
and excessive use of antimicrobials causes
environmental antimicrobial resistance (AMR)
(Tangcharoensathien et al,, 2018). Moreover, the
scarcity of good sanitation infrastructure in low-and-
middle-income countries (LMICs) also increase the
burden of contagious bacteria in the environment,
resulting in a serious condition (Burgmann et al.,
2018). As a result, there is a mounting need for the
implementation of robust surveillance systems
to monitor the prudent use of antibiotics or to
substitute the same to lessen the consequences of
AMRIn India. In line with the different international
organizations working on AMR, theGovernment of
India has also taken initiatives to adopt different
strategies, encompassing laws, regulations, policies
and guidelines, for the sake of preserving human
health, animal health, and the environment.

8.1 Guidelines related to public health/human health

Figure 8.1 lists the different programmes and
guidelines proposed by the Ministry of Health and
Family Welfare (MoH&FW), Government of India, at
different pointsintimetoreduce multidrugresistance
(MDR) and subsequent morbidity in human beings
due to the transmissionof AMR bacteria. These
initiatives accompanied the implementation of the
‘National Programme on AMR Containment’ during
the 12th five-year plan (2012-2017), developed by
the National Centre for Disease Control. To set up a
laboratory-based surveillance of AMR, a network has
been developed to phase in laboratories, and now
includes the laboratories of 30 state medical colleges
in 24 states and Union Territories. It also emphasized
on monitoring antibiotic use, strengthening infection
control, encouraging antibiotic stewardship activities

Policy intervention on AMR in India and its

in different healthcare settings, and awareness-
generation among healthcare providers and the
community regarding the rational use of antibiotics
(NCDC, 2012). The Antimicrobial Stewardship
Programme (AMSP) Guideline, implemented in 2018,
(Balaji et al., 2018) aims for a good clinical outcome
with less adverse effects of antibiotics. It adopted
some strategic measures such as- rationalization
of the antibiotic administration at an optimum level,
development of standard guidelines for treatment
and implementation of antibiotic policies, auditing
and streamlining prescription (mentioned the
generic name of antibiotics), and improvement of the
same through education and administrative actions.
The Treatment Guidelines for Antimicrobial Use
in Common Syndromes (ICMR), 2019, highlighted
the need for the rational application of antibiotics
according to the National List of Essential Medicines
(NLEM) and developing framework for treating
several infectious diseases. It suggested some steps
for the prudent utilization of antibiotics — making a
clinical diagnosis, limiting explicit antibiotic therapy,
having proper knowledge of infection, selecting
appropriate antibiotics, not using antibiotics in
viral infections, using of antibiotics optimally, and
optimization of pharmaco kinetics-pharmaco
dynamics (PK-PD) parameters. In the same vein,
the National Guidelines for Infection Prevention
and Control in Healthcare Facilities was published
in 2020 by the National Centre for Disease Control,
Directorate General of Health Services, the Ministry
of Health and Family Welfare (MoH&FW), which
emphasized the need for strengthening of healthcare
facilities (HCFs) in India to restrict the spread of
AMR pathogens in HCFs in the private and the public
sectors. Some essentials of effective execution of
infection prevention and control (IPC) guidelines

+ National Programme on AMR Containment (NCDC)

+ Antimicrobial Stewardship Program (AMSP) Guideline, 2018 (ICMR)

+ Treatment guideline for Antimicrobial Use in Common Syndromes (ICMR), 2019

+ National Guidelines for Infection Prevention and Control in Healthcare Facilities, 2020 (NCDC)

Figure 8.1: Guidelines on the rational use of antibiotics on human beings in India



include the setting up of the best practices and
standards for operating procedures, hiring of trained
human resources, ensuring adequate availability of
Personal Protective Equipment (PPE), establishing a
linkage with the antimicrobial stewardship program
(AMSP), and other patient safety programs in the
healthcare facility, surveillance system, laboratory
support, and environmental protection.

Gaps in the Guidelines

+ The AMSP is in the emerging phase as the
nationwide utilization of its components have
not yet been fully undertaken. There is also an
urgent need forusing information technology for
monitoring and surveillance, to meet the goal
set in India’s Nation Action Plan on AMR, 2017
(Sahni et al., 2020)

+  Since the Treatment guidelines for Antimicrobial
Use in Common Syndromes and the National
Guidelines for Infection Prevention and
Control in Healthcare Facilities are very recent
initiatives, their effectiveness forhuman health
as well as their environmental impact are yet to
be assessed

8.2 Laws, regulations, policies, action plans and
guidelines related to animal health

Some European countries, the USA, and some
developed countries in Asia have enforced laws to
benchmark antibiotic consumption as a growth
promoter, for the sake of human and animal health,
as their advanced hygiene practices and modern
production systems would be able to sustain
productivity. Onthe other hand, the banning of growth-
promoting antibiotics would derail the economic
viability of low-income countries (Laxminarayan
et al,, 2015). According to the report of the Centre
for Disease Dynamics & Policy (CDDEP) (2016),
the amendments tothe Drug and Cosmetics Rules
(Figure 8.2) were only enforced by the MOH&FW to
restrict the use of antibiotics in food animals. The
Gazette of India published G.S.R 28 (E), a guideline
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that emphasized labelling withdrawal periods’ on
medicine being used for treating animals, in 2012.
Moreover, the Drug and Cosmetics Rules enlisted
536 antibiotics under Schedule H (the second
amendment, 2006) and made prescription mandatory
for the purchase and consumption of antibiotics,
which was also applicable for Schedule H1 drugs?
(the fourth amendment, 2013). Another amendment
in 2015 firmly prescribed that the advertisement
of the drugs enlisted under different Schedule (H,
H1, or X) was punishable unless endorsed by the
Government. With regard to exportable animal
products, the Drugs and Cosmetics Rules, in its 1995
amendment, strictlyprohibited the use of antibiotics
such as nitrofurans, chloramphenicol, neomycin,
sulfamethoxazole, dapsone, dimetridazole,
metronidazole, ronidazole, ipronidazole, and other
nitroimidazoles, sulfonamide, fluoroquinolones and
glycopeptides in fresh, frozen,and processed fish,
hatcheries, and the cultivation of shrimp or other
fish, and products of fisheries without the approval
of certifiled veterinary practitioners or specialists
in fishery [(S.0. 722 (E) and 1227 (E), respectively,
of the Gazette of India)]. It mustalso be mentioned
that the amendment of the law in 1997 [S.0. 1037
(E)] limited the residue level of antibiotics like
tetracycline, oxytetracycline, trimethoprim, and
oxolinic acid in eggs and egg products. Likewise,
the Coastal Aquaculture Authority (CAA) Act, 2005,
prohibited or banned the application of antibiotics
and pharmacologically active substances in shrimp
cultivation. Even larval and farm feed, feed additives,
chemical substancesanddrugs, probiotics, fertilizers,
immune-stimulants, etc. can be enlisted only when
verified as antibiotics free. The enlisted antibiotics
as well as pharmacologically active elements
banned for shrimp cultivation mentioned in the CAA
have been listed below (Table 8.1), and needs to be
regulated for farming of other aquaculture products
(Guidelines annexed to CAA rules, 2005). The
Export Inspection Council (EIC, 2011 and 2019) also
executed a residue monitoring plan for conducting
surveillance of antibiotics residues in animal food,

1 Withdrawal periods simply denotes the period between the first application of a specific antibiotic in an animal and the fall in its
residues in the animal below the Maximum Residue level (MRL), so that the foodstuffs may be produced from those animals. Withdrawal
periods should never exceed 28 days for livestock and 500 degree-days for marine products. In the case marine products, the period must
be calculated. For example, if the fish is cultured at 200C, the withdrawal period is 25 days (500/20 =25), i.e., the estimation of withdrawal

periods is regulated by environmental conditions.

2 Schedule H1 drugs: alprazolam, buprenorphine, balofixacin, capreomycin, cefdinir, cefepime, cefditoren, cefetamet, cefoperazone,
cefexime, cefotaxime, cefpodoxime, cefpirome, ceftazidime, ceftibuten, ceftizoxime, ceftriaxone, chlordiazepoxide, clofazimine, codeine,
cycloserine, diazepam, diphenoxylate, doripenem, ertapenem, etambutol hcl, ethinamide, feropenem, gemiflxacin, imipenem, isoniazid,
levoflxacin, meropenem, midazolam, moxiflxacin, nitrazepam, pentazocine, prulifixacin, pyrazinamide, ribabutin, rafampicin, sodium para-

aminosalicylate.
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especially milk and honey, with these measures
having come into force in the years 2011-12 and
2019-20, respectively. The surveillance system was
assigned for taking some corrective actions if the
level of non-compliance by the exporter was found
to be surpassing the limited level of antimicrobials.
Table 8.2 contains the list of antimicrobial residues
in milk and honey, delineated by the EIC.

The Marine Products Export Development Authority
(MPEDA) under Ministry of Commerce and Industry,
Government of India, has made it compulsory of
testing pre-harvest products before exporting to EU

countries. MPEDA has founded 12 ELISA screening
laboratories for testing/screening of aquaculture
pre-harvested produce (shrimp) for the presence of
residues of banned antibiotics like Chloramphenicol
& Nitrofuran Metabolites (AOZ. AMOZ, AHD & SEM).
To furtherstrengthen the surveillance mechanism,
the National Residue Action Plan, 2019,through which
sampling scheduleand sampling strategiesaredrawn
every year for monitoring the residues of substances
such as Antibacterial / Veterinary Medicinal
Products and environmental contaminants, has
been undertaken by theMPEDA. Samples collected

Table 8.1: List of Antibiotics and pharmacologically active substances banned by the CAA

Names of the antibiotics and pharmacologically active substances

1 Chloramphenicol

2 Nitrofurans i.ncIu.ding: Furaltadone, Furazolidone, Furylfuramide, Nifuratel, Nifuroxime, Nifurprazine,
Nitrofurantoin, Nitrofurazone

3 Neomycin

4 Nalidixic acid

5 Sulphamethoxazole

6 Aristolochia spp and preparations thereof

7 Chloroform

8 Chlorpromazine

9 Colchicine

10 Dapsone

11 Dimetridazole

12 Metronidazole

13 Ronidazole

14 Ipronidazole

15 Other nitroimidazoles

16 Clenbuterol

17 Diethylstilbestrol (DES)

18 Sulfonamide drugs (except approved Sulfadimethoxine, Sulfabromomethazine and Sulfaethoxypyridazine)

19 Fluroquinolones

20 Glycopeptides

Table 8.2: List of antimicrobials residue restricted in milk and honey by the Export Inspection Council

Milk (2011-12)

Sulfonamides, tetracyclines, nitrofurantoin, aminoglycosides, anthelminthic,
nitroimidazole, anthelmintic, beta-lactam, doxycycline, enrofloxacin,
chloramphenicol, erythromycin, spiramycin, thiamphenicol, tilmicosin,

trimethoprim, tylosin

Honey (2019-20)

Sulfonamides, tetracyclines, beta-
lactam, macrolides, imidazole,
dihydrostreptomycin, ciprofloxacin




from hatcheries, feed mills, aquaculture farms and
processing plants of coastal areas are tested for the
presence of any residue/contaminant.

Figure 8.2 lists some policies introduced by the
different ministries and bodies at thestate and
national levels in India. In 2011, the MoH&FW
introduced the National Policy for Containment of
Antimicrobial Resistanceto promotethe development
of suitable protocols for using antibiotics in food
animals, inhibit the usage of non-therapeutic
antibiotics in animals,food labelling through the
formation of an inter-sectoral committee, andalso
regulated the saleof antibiotics, especially Schedule
H1 antibioticsmentioned in the Drugs and Cosmetics
Rules, without the consent of registered practitioners
(Srivastava, 2011). It also proposed to confine the
access to antibiotic strips with colour-coding and
higher generation antibiotics like Carbapenems,
Daptomycin, Tigecycline to tertiary hospitals. ‘The
Chennai Declaration (2012) - A Roadmap to Tackle
the Challenge of Antimicrobial Resistance Clinical
Infectious Disease Society’,wasanannual conference
organized by the Clinical Infectious Diseases Society,
which outlined the withdrawal period to minimize the
existence of antibiotic residues in milk and meat
and the measures needed to evaluate, regulate and
monitor the usage of antibiotics and their residues
in animal food (Ghafur et al., 2013). The conference
also highlighted the need for banning of over-the-
counter (OTC) sale of antibiotics. In 2019, apivotal
program, namely the National Animal Diseases
Control Programme (NADCP) was implemented
to focus on controlling Foot & Mouth Disease and
Brucellosis among cattle (cattle, buffalo, sheep, goat
and pig) through vaccination (Kumar et al., 2021).

Some recommendations were issued by different
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governmental bodies in India were also highlighted
in the CDDEP report (2016). Three nodal bodies,
namely the National Centre for Disease Control,
the Central Drugs Standard Control Organizations
and the Directorate General of Health Services,
under the MoH&FW have recommended putting an
end to widespread consumption of antibiotics in
animals for non-therapeutic processes. The Bureau
of Indian Standards (BIS) proposed discontinuation
of antibiotic administration as a growth promoter in
poultry feed. Moreover, the Central Drugs Standard
Control Organization (CDSCO) emphasized the
phasing out of antibiotic application in feed
animals, andthestrict applicationof the Drug and
Cosmetic Rules. The guidelines of the Department
of Animal Husbandry, Dairying, and Fisheries, under
the Ministry of Agriculture & Farmers Welfare,
has been indifferent in this regard, suggesting
the use of antibiotics only on food animals when
prescribed by veterinarians, and discouraging the
application of Critically Important Antibiotics for
Human Use on animals. It has alsobeen advised that
farmers beeducatedso that they may improve farm
management practices by incorporating biosecurity.
Moreover, the attitudeof different departmental
personnel and the stakeholders towards how the
prudent use of antibiotics in animals can promote
the health of humans, animalsand the environment
also varies. The MoH&FW has suggested that
the manufacturing, selling and distribution of
“Colistin and its formulations for food-producing
animals, poultry, aquafarming, and animal feed
supplements” be restricted [S.0. 2607 (E)]. The
Food Safety and Standards Authority of India
(FSSAI) has also recommended a revised list
of antibiotics, with restricted usage to reduce
environmental AMR though the list of antibiotics

Laws and
Regulations

and Industry)

( l )

Amendments to the Drug and Cosmetics Rules in 2006, 2010, 2013 and 2015
regarding consumable animal products (MoH&FW)

Amendments to the Drug and Cosmetics Rules in 2002 and 2003 (MoH&FW)
Coastal Aquaculture Authority (CAA) Act 2005 (Ministry of Commerce and Industry)
Residue Monitoring Plan by the Export Inspection Council (EIC), 2011 and 2019
Marine Products Export Development Authority (MPEDA), (Ministry of Commerce

Policies and

Action Plans

J
D)
+ National Policy for Containment of Antimicrobial Resistance, 2011
Chennai Declaration (2012) - A Roadmap to Tackle the Challange of Antimicrobial
Resistance (Clinical Infectious Diseases Society)
National Animal Disease Control Programme, 2019 (NADCP) (Department of
Animal Husbandry & Dairying) )
Figure 8.2: Legislations and policies to contain AMR in livestock and animals’ products in India
| | | |
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does not includechloramphenicol, doxycycline,
nitrofurans and furazolidone. The Central Pollution
Control Board (CPCB) has published guidelines on
the disposal mechanism of manure and litter of
poultry and dairy farmto minimize the effect on the
environment, in 2021.

For managing wastesfromdairy farm,the CPCB
recommended that untreated waste should not
be released to the outer part of the premises, cow
dung should be collected at regular interval, and be
utilized in vermicomposting, making biogas, dung
wood, etc., premises and surroundings should be
sanitized and disinfected, following the Biomedical
Waste Management Rules, 2016, for the disposal of
domestic hazardous wastes, the floor be cleaned,
and wastewater be treated, following the prescribed
standards of the concerned State Pollution Control
Board or Pollution Control Committee (SPCBs/
PCCs). Similarly, the waste from poultry farms must
be managed by removing the excreta every alternate
day to maintain the dryness of bedding materials,
and further utilizing it in composting. The manure
should be kept segregated from run-off water and
protected from emitting odor. Burial pit,composting
or incineration should be usedto dispose of dead
birds. The CPCB also recommended the dry cleaning
of the floor with disinfectant, and the use ofhot water
and pressure pump. Covering the farm with nets and
provisioning of traps, insecticides, fly-repellents,
etc.,have also been recommended,to control flies,
and trapping glue boards, tracking powder and
rodent-proof doors and windows to control rodents.
The use of antibiotics in poultry feed should be
regulated as per the prescribed guidelines of the
Department of Animal Husbandry, Dairying and
Fisheries and the MoH&FW and the Drug Controller
General of India.

Gap in the laws, regulations, policies, action plans
and guidelines

+  The enforcement of the CAA, 2005, has not
been able to diminish the indiscriminate use of
antibiotics (Bhushan et al., 2016)

+  The effectiveness of the policies mentioned
in Figure 8.2 have not yet been assessed in
available literature

+  Despite the formulation of all these guidelines,
the phasing out of antibiotic application for non-
therapeutic practice and the inhibition of the
usage of essential antimicrobials for humans

on animals have not been comprehensively
addressed in these advisories

« A lack of interdepartmental co-ordination
between the BIS and the FSSAI regarding the
recommended list of antibiotics has tended
to mislead stakeholders on the application of
antibiotics on food animals

+ As the administration of antimicrobials is
inevitable to sustain the food security and
economic viability in a country like India,it is
an immediate necessity to assess whether
the guidelines are being followed by various
stakeholders

8.3 Laws and guidelines related to plant agriculture

To reduce AMR bacteria in the environment, the
Government of India is also concerned with the
overuse of antibiotic formulation as pesticides in
crop production though very few initiatives (Figure
8.3) have been taken so far. The Insecticide Act,
1968, has come into force to prohibit the import,
manufacturing and saleof insecticides including
some antibiotics like streptomycin and tetracycline,
by mandating theregistration of insecticides and
the licensing of the concerned persons. Non-
compliances might be subjected to suspension of
license. The Department of Agriculture, Cooperation
and Farmers Welfare, under the aegis of the
Ministry of Agriculture and Farmers Welfare,hasthe
mandate to publish plant-specific formulation of
pesticides,andchanges tothe same as and when
required. Somerecently published guidelines have
prescribed the formulation of fungicides and their
combined use, including antibiotic formulation, for
specific plants.

Gaps in the laws, regulations and guidelines

Despite the enactment of the law to restrict the
manufacture and saleof insecticides, and the
publication of guidelines on the use of fungicides,
resistant bacteria arestill reported in plants. This
points to the need to explore the effectiveness of the
implementation of the guidelines.

8.4 Laws, regulations and guidelines related to
environmental AMR risk reduction

Figure 8.4 list some laws, regulations and guidelines
in India, that aim tocurtail the spread of antimicrobial
resistant bacteria in the environment. The Ministry
of Environment and Forest and Climate Change
(MoEF&CC), the Government of India, enforced
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~
ki‘;’jlgfi:ns - The Insecticide Act, 1968
Y,
N
+ ‘Major usage of pesticides (2021)’ by the Central Insecticide Board & Registration
Committee, the Department of Agriculture, Cooperation & Farmers Welfare, Ministry of
Agriculture & Farmers Welfare )

Figure 8.3: Legislation, regulations and guidelines to reduce antibiotic use in plant agriculture

Laws and
Regulations

The Environment (Protection) Act, 1986
Biomedical Waste (BMW) Management Rules, 2016 (MoEF&CC)

- J

+ Antibiotic Residues in the treated effluent of Bulk Drug and Formulation Industry
and CETP (MoEF&CC)
+ Swachh Bharat Mission, 2014(Ministry of Drinking Water and Sanitation)

J

Figure 8.4: Legislations, regulation and guidelines for the management of environmental pollutants to curb
AMR in India

the Environmental (Protection) Act, 1986 and the
Biomedical Waste (BMW) Management Rules, 2016
for the sake of controlling environmental pollution
with AMR. In the Environmental (Protection) Act, any

handling of all forms of BMW from healthcare
facilities, animal houses, veterinary institutions, blood
banks, laboratories, ayush, etc.

Apart from the above mentioned laws and regulations,

kinds of harmful components irrespective of their
state (solid, liquid and gaseous), including hazardous
chemicals were incorporated as environmental
pollutants but there was no such scope to deal with
antimicrobial waste. Later on, with the enforcement
of the Biomedical Waste Management Rules, the
treatment of waste included generation, collection,
storage, transportation, treating, disposal, and

MoH&FW implemented the National Health Policy, 2017, which recommended restricting overuse of antibiotic
medication, prohibiting antibiotics use as a growth promoter in livestock, and auditing of prescription to monitor
the antibiotic administration in healthcare facilities and the community.

the Ministry of Environment and Forest and Climate
Change Guidelines issued in 2020 has set some
parameters to monitor the effluents and sludge
discharged from pharmaceutical manufacturing
plants, with the residual levels of antimicrobials listed
in the G.S.R. 44(E) (Antibiotic Residues in the treated
effluent of Bulk Drug and formulation industry and

The Government of India (MoH&FW) endeavoured to introduce a strategic plan of action, namely the National
Action Plan on Antimicrobial Resistance in 2017 to prevent and control AMR in a holistic manner following
‘One Health’ approach of the WHO that could also contribute to the global effort. It also encompassed the AMR
burden in livestock, other food animals and premixed feed with a serious consideration for human health and the
environment as available data did not adequately reflect the application of antibiotics in animal husbandry. The
plan of action adopted several strategic priorities — ‘(i) improving awareness and understanding of AMR through
effective; communication, education and training; (i) strengthening knowledge and evidence through surveillance;
(iii) reducing the incidence of infection through effective infection prevention and control; (iv) optimizing the use
of antimicrobial agents in health, animals and food; (v) promoting investments for AMR activities, research and
innovations; and (vi) strengthening India’s leadership on AMR'’. For the successful accomplishment of these
priorities, it also developed guidelines of key actions and strategic interventions accordingly and proposed a
monitoring and evaluation framework to reinforce the surveillance system of antibiotic administration in animal
food and human beings and discharge of antibiotic wastes from farms, factories and veterinary and human health
care settings. [This plan of action has witnessed several challenges in accomplishment due to misperception
among the stakeholders regarding the use of antibiotics, poor diagnostic infrastructure, lack of direction for
preventing environmental contamination occurred from pharma industries, hospital and agricultural waste,
hindrance in imposing regulations (Ranjalkar&Chandy, 2019)], which needs to be addressed urgently.
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CETP). As improper sanitation, hygiene and waste
management are major causes of environmental
contamination, leading to the incidence of diarrhea,
cholera and other vector-borne diseases in the
country, the Ministry of Drinking Water and Sanitation
has paid more attention to cleanliness, resulting in
the commencement of the Swachh Bharat Mission in
2014 (Guideline for Swachh Bharat Mission, 2017). The
guideline focused on the availability of safe drinking
water, reduction of open defecation and management
of solid and liquid waste (Ministry of Drinking water
and Sanitation, 2017).

Gap in the laws, regulations and guidelines

+  The segregation and treatment of expired drugs
or antibiotic waste are barely present in the
mandate of the Biomedical Waste Management
Rules, 2016, which resulted in inclining incidents
of environmental AMR in India

« The enforcement of permissible

levels of

residue prescribed by the MoEF&CC Guidelines

is presently underway, as a result of which its
effectiveness cannot yet be assessed

+  Zerodischargeeffluentsareyettobeincludedinthe
good manufacturing practice of pharmaceutical
industries (Mutiyar & Mittal, 2014)

8.5 Strategic Priorities of NAP-AMRvs

environmental AMR scenario in India

the

Though India has adopted several strategic plans
on the National Action Plan on AMR in 2017 based
on scoping review, interview of stakeholders and
review of the policies it may be assumed that we
have only moved few steps and have to cross several
milestones to accomplish the goal. From the Table
8.3 it could be easily understood where we stand at
present to combat the environmental AMR.

8.6 Recommendations  for  environmental
mainstreaming as per NAP-AMR strategies

Based on the present study and identified gaps in
the different sectors, some major recommendations

Table 8.3: Strategic Priorities of NAP-AMR vs antibiotic use and environmental AMR scenario across different
priority domains in India

Strategic
Priorities of
NAP

Aquaculture

Priority Domains

Livestock and
Poultry

Pharmaceutical
Industries

Plant

. Biomedical waste
agriculture

screening centers

* Farmers

procureuntested seeds
of fish

Improve Studies have Studies have + Farmers do + Lack of knowledge, |+ Educating
awareness reported lack of reported a lack of not have any attitude and medical staff on
and proper knowledge proper knowledge knowledge on practice on environmental
understanding among farmers on on antibiotic AMR and the environmental AMR as well as
of maintenance of aquatic| selection for rational use AMR among rational use of
AMR through animals treatment of of antibiotics different personnel | antibioticsis a
effective Consulting certified diseased animals in plant of pharma prerequisite
communication, veterinarians for the Lack of agriculture sectors and other |+ Strong advocacy
education and treatment of diseased awareness + Lack of stakeholders is needed for
training animals is not in among the knowledge in biomedical waste

practice among the farmers regarding determining management

farmers antibiotic use in the economic agencies

Lack of consciousness livestock threshold value + Lack of multi-

among them regarding Thereisa of the crop sectoral

antibiotic use in tendency among failure result coordination

culturing aquatic the farmerstonot| inunwise

animals consult certified administration

Lack of liaison between |  veterinarians for of antibiotics

government officials the treatment of

and farmers diseased animals
Strengthen + Absence of a strong + Absence + Lack of + Several innovative | More strong
knowledge surveillance on of a strong surveillance on methodologies surveillance is
and evidence antibiotic use and surveillance on AMR bacteria are emerging required at the
through its residue level in antibiotic use as and antibiotic for measuring place for monitoring
surveillance consumable domestic growth promoter residues antibiotic residues | biomedical waste

products at the farm at the farm level in plant + These include segregation and

level + Absence agriculture mass balance, LC- | disposal

+ Few farmers avail the of a strong + Absence MS and use of fiber
services oftesting or surveillance or of proper optic sensors

monitoring on
the antibiotic
residues in
consumable food
animals

+ These
methodologies

guidelines for
the farmers

to control need to be field
bacterial attack | tested to assess
on plants their viability for

adoption




Strategic
Priorities of
NAP

Reduce the
incidence

of infection
through
effective
infection
prevention and
control

Aquaculture

Incidences of infection
and AMR development
in aquaculture are being
reported from all around
the country

Livestock and
Poultry

Many incidences of
infection and AMR
development in
livestock are being
reported from all
around the country
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Priority Domains

Plant
agriculture

* Reportson
antibiotic
use in plant
agriculture are
very scarce
as it is mostly
used with
insecticide
and fungicides

+ Effective
infection
control
mechanism
needs to be
developed

Pharmaceutical
Industries

+ There are many

AMR incidences
in pharmaceutical
industrial effluent

+ Thereis aneed

for pretesting
AMR pathogens
in discharged
effluents from
pharma industries

+ Thereis aneed to

conduct studies
on the impact
on humans and
animals

Biomedical waste

+ Equipped ETP
setup needs to
be developed
at all hospitals
to reduce
environmental
AMR incidences
from hospital
effluents

+ More careis
required to
reduce hospital-
acquired
infections

+ Segregation of
expired drugs
from other
wastes needs
more attention in
biomedical waste

management
Optimize Given the surveillance of | The use of The usage of + Not applicable + Rational Use of
the use of MPEDA, antibiotic use antibiotics is still | antimicrobials Medicines (RUM)
antimicrobial in scientific aquaculture | not optimized in on crops needs by ',CMR is i”. .
agents in has been optimized livestock farming to be optimized HEUEN I O gl 2
. . . . pharmacotherapy
health, animals | in some parts of the and infection for promoting
and food country control human health
Promote Few studies on Few studies + Application + More research + Best practices to
investments developing alternatives | on developing of biosecurity and testing reduce antibiotic
for AMR to antibiotic growth alternatives to and bacterial of innovative use and treat
activities, promoter in aquaculture | antibiotic growth dlsgase technolqgles its waste have
; resistant are required to not yet been
research and can be found promoter in poultry cultivators optimize AMR documented
innovations can be found have not incidences from + More
been widely pharmaceutical infrastructural
practiced effluents facilities are
+ Changein + Need to work at required at the
crop cycling the factory and government
is practiced CETP levels hospitals to
in very few monitor AMR in
places them
Strengthen + CAA has banned the As per CDDEP + Insecticide + Draft guidelines Biomedical
India’s use of 20 antibiotics report (2015), Act, 1968, by MoEF&CC Waste (BMW)
leadership on and pharmacologically though many restricted the on permissible Management Rules,
AMR active substances in eITEs e importing, levels of antibiotic 2016. is now in
aquaculture. L selling and residue for !
+ ICAR, in collaboration banned antibiotic manufacturing pharma industries AT
with FAO and USAID, growth promoters of need to be
has been running a in the livestock unregistered enacted
programme called sector, India has insecticides + Effluents are
‘Indian Network of not yet banned it including treated at factory
Fisheries & Animal antibiotics and CETP levels
Antimicrobial + Central before discharging
Resistance (INFAAR)’ Insecticide to prevent the
Board and contamination
Registration of groundwater
Committee and other aquatic
prescribed ecosystems
alist of + Develop industry
fungicides and government
and their capacity for
composition responsible
of use with antibiotic
antibiotic manufacturing

have been listed (Table 8.4) against each strategic
priority of the NAP-AMR. It may help in further

refinement of the NAP-AMR with more focus on the

environmental dimension of AMR.
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Table 8.4: Recommendations on the different strategic priorities of NAP-AMR for giving more focus on
environmental dimension of AMR

Strategic Priorities of NAP Recommendations

Improve awareness and Capacity building of State Pollution Control Boards in terms of number of
understanding of AMR through resources and their skillsets to carry out AMR monitoring.

effective communication, Awareness generation amongst the affected communities, e.g., farmers,
education and training livestock farm owners/operators on benefits of non-antibiotic growth
promoters, adverse impacts of AMR bacteria on livestock health, human
health, good practices on disposal of dead animals.

Strengthen knowledge and
evidence through surveillance

Development of guidelines for field testing and monitoring of residual
antibiotic in effluent streams — mass balance of antibiotic traces in effluent
streams, LC-MS and fiber optic sensor technology.

Enhanced and evidence-based surveillance of impacts of presence of residual
antibiotics in flora, fauna and among humans.

Reduce the incidence of
infection through effective
infection prevention and control

Inclusion of regulations on collection, segregation, handling and treatment
of end-of-life antibiotics, residual antibiotics, ARBs, ARGs in environmental
effluents in existing environmental rules (e.g., solid waste management and
biomedical waste management rules).

Optimize the use of
antimicrobial agents in health,
animals and food

Enforceable regulations to ban OTC sale of antibiotics (e.g., prohibitive penal
clauses in the regulations).
Promote alternatives to antibiotics in livestock and aquaculture.

Promote investments for
AMR activities, research and
innovations

Promote enhanced private sector participation (e.g., the pharmaceutical
majors, companies with large agriculture value chain etc) in AMR prevention -
e.g., developing laboratory testing infrastructure.

Introduce Government incentives (e.g., subsidies) on use of non-antibiotic
growth promoters.

Ensure development of environmental standards for residual levels of
antibiotics in different environmental pathways e.g., at the inlet and outlets of
CETPs, dischargeable limits at the factory outlets for pharmaceuticals, dead
livestock, rural waterbodies in and around livestock farms etc.

Ensure development of remediation guidelines for residual antibiotics in both
soil and water.

Strengthen India’s leadership on
AMR

Strengthen collaborative approaches amongst Department of Environment
(State Pollution Control Boards), Department of Animal Husbandry, Dairying,
& Fisheries Organizations, Department of Agriculture & Farmer Welfare and
Public Health

Promote judicious consumer practice as a part of Responsible Antibiotic
Manufacturing Platform.

8.7 Alternative or improved practices to reduce
environmental AMR

animal feed for promoting their growth (Gelband
et al., 2015)

+ The UK has adopted prophylactic measures to
optimize antimicrobial usage (Alayande et al,,
2020)

So far, the evidence has indicated that rigorous
initiativeshave not yet replaced the administration
of antibiotics in human beings and animals. Though
existing literature suggest the prudent use of .
antibiotics (Ying et al,, 2017), the consequences of
AMRincidencehaveremainedunaddressed. However,
to promote good health in human beings and the
environment, diverse but remarkable mechanisms to
minimize the detrimental consequences of antibiotic

It was atemporary in practice in countries such
as Belgium and Germany to use prescribed
doses ofzinc oxide at the juvenile stage of pig
farming (Backhans et al., 2015)

. In order to make agriculture sustainable,

resistance have been adopted to some extent in
different corners of this world. Some shreds of
evidence on the same are given below:

+  Most of the European Nations (like Sweden,
Denmark, the Netherlands, and Germany), the
USA, Mexico, New Zealand, Canada, and South
Korea have banned the use of antibiotics in

many countries are making efforts to adopt
a new approach of Plant Growth Promoting
Rhizobacteria (PGPR) (Gupta et al., 2015) though
the wide application of this innovation is yet to
be undertaken

With respect to the risk reduction of AMR in the
environment, there is an urgent need to develop a



good treatment mechanism in India for managing
effluents from the pharmaceutical industry and
antibiotic waste discharged from healthcare
facilities and communities. Responsible antibiotic
manufacturing to reduce AMR requires interventions
at the factory and CETP levels to develop and test
appropriate monitoring and risk mitigation strategies.
Public private partnerships such as the Responsible
Antibiotic Manufacturing Platform (RAMP) provide
opportunities to work with manufacturers, technology
providers, regulators and global procurement
agencies to develop integrated solutions to reduce
AMR in the environment. Interestingly, some models
have been set up by the developed countries, which
might be cited to refurbish the existing mechanism
of treatingthe effluent discharged in India, though
scarcely any system on segregation and process of
antibiotic waste from other solid-liquid waste has
been exemplified.

+  European countries such as Denmark and
Germany have implemented WASH (Water,
Sanitation and Hygiene) programs and safety
plans like Ozonation, use of activated carbon,
bio-filters and UV disinfection, and treated
effluent discharge of pharmaceutical industries
(Nanthakumar et al., 2019)

+ On-site inspections and the assessment
of manufacturers’ dossiers under GMP
environmental procedures are practiced in
countries like Canada and the USA (FDA, 2018;
Health Canada, 2018)

+  Under the terms of the Swedish environment
criteria, producers have to implement
any necessary changes to  minimize
environmental impact within six months of
signing a procurement contract (The Swedish
Environmental Protection Agency, 2016)

« The Swedish procurement agreement calls
for open dialogue between contractors and
suppliers with regard to their control over
chemical discharges. It also includes a clause
for purchasers to inspect suppliers’ facilities
either in person or through a third party (The
Swedish Environmental Protection Agency,
2016)

« South Asian countries like Thailand are
conducting AMR surveillance in the environment,
especially along river banks, following the ‘One
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Health’ approach (Juisiri, 2021).

+ EU countries like Denmark and Sweden,
Australia, and the USA have conducted public
health awareness campaigns on the use of
antibiotics (Saam et al., 2016)

+  Vietnamhas executed the cold plasmatechnique
to remove antibiotic residues inthe environment
(Nguyen et al., 2021)

*+ In Thailand, treatment of antibiotics in
wastewater is practiced using advanced
oxidation processes (AOP) (Kurt et al., 2017)

+ The Netherlands hasimplemented on-site
hospital wastewater systems for surveilling
treated hospital effluent quality in order to
preserve the environment (Paulus et al., 2019)

+  The AMR Industry Alliance has developed the
common antibiotic manufacturing framework
that provides guidance at the factory level to
promote sustainable antibiotic manufacturing
practices as well as conduct mass balance
calculations to assess levels of antibiotic
residues. A majority of global and some Indian
generic companies are members of the Alliance,
and have begun to implement these guidelines
across their factories

+  The WHO is developing new guidelines on waste
and wastewater management in pharmaceutical
manufacturing, with an emphasis on antibiotic
production

Despite the introduction and implementation of
several laws, regulations, policies and guidelines by
the Government of India, their implementation for
optimizing consumption of antimicrobials and good
management of waste has faced several challenges.
There are lacunae in the enforcement of laws and
regulations and the implementation of policies and
guidelines, which might be considered to further
the scope of strengthening existing infrastructure
and revise existing guidelines. Further, India needs
to adopt some practices that are operational
in developed countries as suitable alternatives
after analyzing socio-economic conditions and
customizing the practices accordingly. This might
result in significant in reduction of AMR bacteria in
the environment.
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in the environment

Antimicrobial resistance (AMR) is a complex and
multidisciplinary problem for any nation to tackle.
The emergence of newer multidrug resistant (MDR)
organisms poses newer diagnostic and therapeutic
challenges while factors such as poverty, illiteracy,
overcrowding, and malnutrition further compound the
situation. This more often leads to self-prescription
of antimicrobial agents without any professional
knowledge regarding the dose and duration of
treatment. Among those who seek medical advice,
many end up receiving broad-spectrum high-end
antimicrobials, owing to the lack of proper diagnostic
modalities for identifying the pathogen and its drug
susceptibility. The environmental aspect of AMR

Major challenges in containing AMR transmission

is also very important for addressing the problem
of AMR in India as the environment is inextricably
connected to human and animal life in all phases. In
the environment the major sources of transmission
are the water, soil and waste. AMR bacteria from
various sources contaminate the surface water,
ground water, soil. Various challenges such as
programmatic challenges, technological challenges,
institutional challenges and financial challenges
ultimately affect these three environmental
components. The major challenges identified from
the present study and their link with the environmental
components have been shown in Table 9.1.



Major challenges in containing AMR in the context of environment

Programmatic

Water Treatment & Sanitation

Poor WASH system allows
indiscriminate mixing of
disposed end of life
antibiotics in the effluent
streams

The existing policies on environment do not include aspects of AMR,
similarly the health policies do not cover environmental pathways of
AMR

Inadequate regulations on OTC sale of antibiotics

Inadequate capacity with the environmental regulators (in terms of
resources and skill sets) to develop and implement guidelines around
prevention of AMR in environmental streams

Inadequate healthcare infrastructure compared to the magnitude of
infections

Lack of institutional guidelines for rational antibiotic use in healthcare
settings.

Soil Testing and Treatment Waste handling and Disposal
Inadequate soil testing + Injudicious handling of antibiotics waste
guidelines for detection of in terms of collection, segregation,
residual antibiotics in soil treatment and disposal
No standards around soil +  Poor management of collection,
remediation for residual segregation, treatment and disposal of
antibiotics antibiotics in the solid waste/municipal

waste

101

Technological

Lack of laboratory-based strong surveillance on AMR.

Methods of measuring traces of antibiotics in different environmental
streams, guidelines on allowable thresholds, instrumentation needed
for such measurements etc. are either not clearly laid out in any
environmental standards or not field tested for validation and
large-scale adoption.

Lack of innovation on cost-effective alternatives to antibiotic growth
promoters.

Lack of technology for attaining Zero liquid discharge of effluents
(ZLD) from antibiotic manufacturers.

Inadequate technical standardization of laboratory cultures and
biomarkers to assess the need of antibiotic administration.

O
I

Institutional

—\

/

—/4

\

Lack of research and development on monitoring systems and
containment procedures of AMR in different environmental streams.
Absence of collaboration amongst Departments of Environment
(State Pollution Control Boards), Department of Animal Husbandry,
Dairying, & Fisheries Organizations, Department of Agriculture &
Farmer Welfare and Department of Public Health

Inadequate awareness amongst farmers on use and benefits of
non-antibiotic growth promoters and adverse impacts of AMR
bacteria on human health.

G

Financial

Absence of incentivization (e.g., subsidies) mechanism to take up
costlier alternatives to antibiotic growth promoters leads to rampant
use of antibiotics in livestock and aquaculture sectors
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10 | Strengthening mitigation of AMR in the environment

Though resistance is a natural process, antimicrobial
use in the human and animal sectors triggers
the resistance of bacterial species, resulting in
higher mortality, financial crisis in households
and healthcare units. All these affect the pace of
achieving the Sustainable Development Goals. It is
clearly understood that the main reasons behind
this petrifying situation is the lack of access to good
quality antibiotics, irrational use of it and the lack of
public awareness regarding antibiotic consumption.
Some surveillance systems have already been
adopted by the Government of India for restricting the
irrational application of antibiotics on humans and
food animals and reducing the load of AMR bacteria
in the environment. However, these efforts must be
supplemented by awareness-generation amongst
stakeholders of different sectors and strengthening
infrastructure with maximum utilization of existing
resources in an integrated approach.

10.1 Enhancing the understanding and awareness
of AMR in India, with an emphasis on the role of the
environment

Some possible methods for awareness-generation
about AMR among frontline stakeholders like
policymakers, antimicrobial prescribers, and users
have been listed below:

+  Awareness surveys and Knowledge, Attitude and
Practice (KAP) studies across different levels of
the community are essential to obtain an overview
of community perception of environmental AMR

+ A community-based approach could be
considered as an effective tool for prudent use of
antibiotics and good hygiene practices, in which
public ownership is essential for advocating for
their own health

+ The promotion of ‘redline campaign’ would
be helpful in increasing public awareness on
antibiotic resistance

« The behavioral and cultural practices of
antimicrobial use in the community could be
improved through role-play and distribution of

different kinds of Information, Education and
Communication (IEC) materials

+  Social networks can play an important role in
developing awareness on AMR in public health
and the environment

+  Themediacan play avital role in public awareness
campaigning on the emergence of environmental
AMR

«  Evaluation of awareness interventions is needed
to assess the magnitude of knowledge developed
among the target groups

«  Strengthening antimicrobial stewardship
activities could be undertaken to ensure

appropriate practicing behavior among the
medical practitioners
+  Stakeholder analysis on the basis of

communication competence of the stakes on the
issue of environmental AMR should be prepared
before planning an awareness program

10.2 Surveillance on AMR in the environment,
humans, animals and foods

Surveillance for the implementation of policies and
development of strategic interventions to prevent
infectious diseases is indispensable. Estimation of
the AMR burden for addressing its consequences and
trajectory of developing resistance in human beings,
animals is an urgent need in India. Hence, to track the
occurrence of AMR, pattern of bacterial mutation in
environment, measure the antimicrobial usage and
the level of residue in food products, few surveillance
systems have been developed in India as explained.

+  Food and Agriculture Organization (FAQ), United
States Agency for International Development
(USAID) and Indian Council of Agricultural
Research (ICAR) have jointly founded a network,
namely the Indian Network of Fisheries and
Animal Antimicrobial Resistance (INFAAR),
in 2018 aiming at identifying AMR in various
production systems. It has also conducted an
investigation into the spread of resistance to
hypothesize the sources of resistant bacteria



(Kumar et al., 2021).

An information technology enabled system
has been set up by the Department of Animal
Husbandry and Dairying (DAHD), Ministry of
Fisheries, Animal Husbandry and Dairying,
Government of India namely Animal Disease
Reporting System (NADRS) in 2014 for developing
arigorous reporting mechanism. The objective of
the surveillance system is to monitor and collect
data on diseases from different areas in India,
so that precautionary and remedial action plans
could be formulated immediately during disease
emergencies (Kumar et al., 2021)

A remote sensing and GIS (Geographic

Information ~ System) based surveillance
mechanism known as the National Animal
Disease Referral Expert System (NADRES),

developed by ICAR-NIVEDI (ICAR - National
Institute of Veterinary Epidemiology and Disease
Informatics) has been assigned for collecting
information on animal diseases (like zoonotic
diseases) along with associated risk factors from
different districts over specific spans of time
so that the trend of diseases in livestock could
be predicted based on past data for preparing
strategic intervention (Kumar et al., 2021)

To estimate antibiotic resistant bacterial
infection in healthcare facilities, ICMR initiated
the Antimicrobial Resistance Surveillance and
Research Network (AMRSN) in 2013. The AMRSN
is a reliable data source providing information
on bacterial resistance incidences and pattern,
based on which epidemiological improvisation
could be set up as a therapeutic strategy. This
network focuses on six pathogenic groups -
Enterobacteriaceae causing sepsis, enteric
fever pathogens, gram-negative non-fermenters,
gram-positives: staphylococci and enterococci,
diarrheagenic bacterial organisms, and fungal
pathogens (ICMR, 2013)

Since 2015, two major national network projects—
‘National surveillance Programme for Aquatic
Animal Diseases (NSPAAD)' and ‘Consortia
Research Project on Development of Vaccines and
Diagnostics (CRP on V&D)’ are being run by ICAR-
Central Brackish Water Aquaculture. One of the
major objectives of these networks is to monitor
infections through regular survey, profiling and
study of drugs/chemicals usage in aquaculture,
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covering freshwater, brackish and marine rearing
systems (Vijayan, 2016)

+  TheDirectorate of Marketingand Inspection under
the Ministry of Agriculture and Farmer Welfare
initiated efforts to endorse some producers of
animal food like frozen raw meat and eggs by
setting up the ‘Agricultural Marketing Information
Network (AGMARK)', and also measured the level
of antibiotic residues in the same (CDDEP Report,
2016).

However, stringent surveillance mechanisms are
effectively imposed for only exportable animal foods.
Non-compliance is subjected to corrective action
like cancellation of consignment of producer. On the
other hand, imposing a rigorous monitoring on the
use of antimicrobials on the production of domestic
animal foods and their residues discharged to the
environment is currently not economically viable
option in our country. In a similar vein, the antibiotic
or antimicrobial consumption in the healthcare setup
or households, management of their wastes have not
received enough attention in view of environmental
antimicrobial pollution.

10.3 Strengthening the regulatory and policy
framework for the environmental dimension on AMR,
and its enforcement

In India, several regulations and policies for limiting
the contamination of AMR bacteria in the environment
from different point sources like healthcare facilities,
households, industries and farms are in operation. But
there is a dearth of studies reviewing these ongoing
regulations and policies, except for the National
Action Plan on AMR, 2017. Besides that, lack of data
in the public domain, indicating lack of transparency,
may be a major hindrance in the formulation of
policies. Therefore, containing environmental AMR
at the earliest is a pressing issue to promote human
and environmental health. Population growth in
India poses great difficulties for development and
the best possible ways for maximizing utilization of
existing resources to contain environmental AMR
can be categorized under 4 heads - technological
intervention, institution approach, programmatic
approach and collaborative approach. Moreover, a
strong network between several government nodal
agencies working across different priority domains
must be developed. This could help in generating data
for the assessment of the environmental risk of AMR.
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10.3.1. Recommendation for Plant agriculture sector

Technological Intervention

Institutional approach to prioritize the Programmatic/ Policy

- Increasing application of biocontrol | |following research areas approach
agents and bio-pesticides + Experimentation on compatibility of + Conducting capacity building

+ Widespread adoption of biosecurity specific antibiotics with various fungicides programs for farmers on the
widely and insecticides, and efficacy on a range of use of fungicides and

+ Cultivating disease resistant crops, in different soil parameters and insecticides along with the
cultivators extensively agro-climatic zones extent of their use

+ Modification in a series of crop + Conducting research on social + Pro-activeness of agricultural
cultivation or crop cycling in a few implications of antibiotic usage and extension officers to stop
subsequent years adoption of behavioral interventions malpractices in antibiotic

+ Research on economically viable practices formulation

Collaborative Approach

Coordination among the Ministry of Agriculture & Farmer
Welfare, Ministry of Environment, Forest & Climate Change
and Ministry of Health and Family Welfare

Collaboration among the Department of Agriculture &

+ Provide subsidy or incentives
to encourage farmers to use
alternatives to antibiotics
Recruitment of
Microbiologist and
Environmentalist in the
Department of Agriculture

o —
2 Farmer Welfare, Indian Council of Agricultural Research, 3 and Farmer Welfare for
2 State Pollution Control Board, and Food Safety & Standards & monitoring AMR bacteria in
g Authority of India g agriculture samples
g Multi-disciplinary team including Microbiologist, 5 ey bmld;]ng Otf e.X|st|ng
Environmentalist, Scientist, Trainer, Extension Officers and resdount:es suc ?rs bk
Policy implementing officers and extension OMICErs In
district-level agriculture
Farmers' associations departments
10.3.2 Recommendation for Aquaculture sector
Technological Intervention Institutional approach to prioritize the Programmatic/ Policy
- Increase availability of specific || following research areas approach
pathogen-free seed to avoid + Research to develop culture practice to + Standardization of criteria for the

pathogen attack

+ Develop cost-effective immune
stimulants to prevent pathogen
attack

+ Develop cost-effective waste
treatment setup of effluent
discharge in all aquaculture
farms including hatcheries

Collaborative Approach

substitute antibiotics from aquaculture system ||  companies producing medicines for
« More research on AMR in samples from the aguaculture products
aquaculture farm environment + Execution of strong surveillance by
+ Exploration of the social implications of P g errorant ey
o ) " the domestically consumed aquaculture
antibiotic usage and adoption of behavioral

¢ . products
intervention + Conducting training for farmers on
+ Assessment of needs for alternate practices good water quality management,
along with their economic feasibility maintaining hygiene in the farm
environment the rational application of
antibiotics

+ Provide subsidy or incentives to

Coordination among the Ministry of Agriculture & Farmer Welfare, encourage the farmers to use
Ministry of Environment, Forests, and Climate Change, Ministry of i alternatives to antibiotics
Jal Shakti and Ministry of Health and Family Welfare «Recognition of aquaculture waste as a
Collaboration among the Department of Agriculture & Farmer Welfare, potential pollutant by the MOEF&CC and
o Indian Council of Agricultural Research, Department of Water - undertaking it in its mandate
2 Resources, River Development & Ganga Rejuvenation, Central/State g + Recruitment of Microbiologist and
fe] Pollution Control Board, Food Safety & Standards Authority of India, I} Environmentalist in the Department of
£ Bureau of Indian Standards, Marine Products Export Development @ Animal Husbandry, Dairying, & Fisheries,
2 Authority, Department of Animal Husbandry, Dairying, & Fisheries = and Organizations for analyzing
2 Organizations, Centre Drugs Standard Control, etc. 3 parameters of environmental samples
Multi-disciplinary team consisting of state and block-level fisheries * Orientation of block-level fisheries
officers, Microbiologist, Environmentalist, Scientists, Trainer officers to develop their awareness on
environmental AMR from the
Farmers’ associations aquaculture sector
| | | | |
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10.3.3 Recommendation for Veterinary sector

Technological Intervention | | Institutional approach to prioritize Programmatlc/ Policy approach

+ Development of low-cost the following research areas + Banning OTC sale of antibiotics
natural ingredients as growth - There is a need for research to develop + Educating farmers about the withdrawal period and
promoters cost-effective alternatives to antibiotic prescribed dose and frequency of antibiotics

+ Discovery of new vaccines growth promoters + Appropriate diagnosis of disease and identification

+ Adopting low-cost waste - More research on AMR in the samples of of causal factors
management practices in the farm environment * Develop database and surveillance on antibiotic
farms - Study on behavioural intervention on pollution from veterinary hospitals

+ After aerobic composting of stakeholders + Adherence to CPCB guidelines for controlling flies
litters/manures those can be - Examination of the social implications of and rodents, waste management, and WASH
reused by farmers or many antibiotic usage and on alternative practices in farms, and disposal of dead animals
other people practices + Develop the capacity to stop farmers from unwise

disposal of waste and dead animals

+ Provisioning AMR in existing disease surveillance

Collaborative Approach mechanisms for diseases in animals

Coordination among the Ministry of Agriculture & Farmer + Formulation of a standard guideline for
Welfare, Ministry of Environment, Forest & Climate Change, and veterinarians to visit and treat animals at the
Ministry of Health and Family Welfare doorstep of farmers
Collaboration among the Department of Agriculture & Farmer * Improvisation in government infrastructure for
o Welfare, Indian Council of Agricultural Research, Central/State = knoyvledge development of farmers on
& Pollution Control Board, Food Safety & Standards Authority of g environmental AMR
fe) India, Bureau of Indian Standards, Department of Animal & * Recruitment of Microbiologists and
£ Husbandry, Dairying, & Fisheries Organizations, Centre Drugs @ Environmentalists in the concered department for
2 Standard Control, Veterinary council, etc. = monitoring and reporting AMR status in the farm
K= Multi-discipli istina of Microbiologi % environment
ulti-disciplinary teaim consiStingiQ iU - Provide subsidy or incentives to encourage farmers
Enwronmentahsjt, Vgterlnarlang Scientist, Trainer, Extension to use alternatives to antibiotic growth promoters
Officers and Policy implementing officer - Orientation of block-level veterinarians to develop
Farmers’ associations awareness on AMR in the farm environment

10.3.4 Recommendation for Biomedical sector

Technological Intervention Institutional approach to Programmatic/ Policy

+ Functioning of ETPs at hospitals with prioritize the following approach
periodic assessment and reporting of research areas Formulation of proper guideline for
antimicrobial residue . There is a need to examine all segregatlon_ o_f antibiotics from the sglid

- Recording and analyzing data on usage of the facets of AMSP waste/mummpql waste and p'roperdlsposal
antimicrobials and AMR cases in hospitals * Research for measuring the Rt orm eSO

- Discovery of new vaccines magnitude of antibiotic pollution hou;ehold level for disposal of expired

- Effective WASH intervention in overcrowded Q1 biomedicallseRigy Rehines » :

e - Research for strengthening * Developing a surveillance mechanism for

communities monitoring tools for regulating checking contamination of drinking water

+ Segregation of rejected antibiotic waste from AMR organisms and antibiotic + Framing of antibiotic stewardship plans for
other solid or liquid waste in households residues healthcare settings

* Investing on the advancement of diagnosis
infrastructure for early identification of

Collaborative Approach

infection
Coordination among the Ministry of Environment, Forest + Following the existing guidelines in auditing
& Climate Change, Ministry of Health and Family of prescriptions in healthcare settings
Welfare and Ministry of Drinking Water and Sanitation + Evaluation of the effectiveness of the
- : Infection Control committee in hospitals
a Collaboration among Central/State Pollution Control o +Maintenance of hygiene in hospital
2 Board, Indian Council of Medical Research, Public < premises and surrounding areas
) Health Engineering Department, Drug Control General of & + Conducting KAP on pharmacist and
IS India, etc. 2 healthcare providers
2 = + Recruitment of Microbiologist and
3 Multi-disciplinary team consisting of Microbiologist, 5 Environmentalist for monitoring magnitude
Environmentalist, Hospital personnel, Drug Inspector, of AMR in hospital environments
Scientist, Engineers and Policy implementing officer * Revision of existing policies and
formulation of new ones with special
Community Health Workers and Community leaders emphasis on AMR containment
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10.3.5 Recommendation for Pharmaceutical Industries

Technological Intervention

+ Development of measuring tools for the level of AMR bacteria
in wastewaters

+ Monitoring antibiotic residues including mass balance
calculations, LC-MS and fiber optic sensor technology need
to be field tested at the factory and CETP levels

+ Good technology for manufacturing pharmaceutical products
with a reduced amount of antibiotic residue, preferably zero
level discharge into the environment should be developed

+ The Effluent Treatment Plant (ETP) of pharmaceutical
industries needs to incorporate the provision of measuring
the level of AMR bacteria before recycling the water

Collaborative Approach

Coordination among the Ministry of Environment, Forest
& Climate Change, Ministry of Health and Family
Welfare and Ministry of Drinking Water and Sanitation

Collaboration among Central/State Pollution Control

Board, Indian Council of Medical Research,

(PHE) Department, etc.

Bottom to Top

PHE and Policy implementing officer

Group of Representatives of pharma companies

10.4 The way forward

Though public health status is an important national
indicator, the allocation of funds for executing
national policies tomanage health-related schemes
is sometimes difficult as healthcare comes under
the purview of the state government. Therefore,
coordination between the states and the Centre
is essential for addressing the issue of AMR,
necessitating the formation of specific committees
with representation from the different governmental
departments, practitioners, farmers’ associations,
and respective institutes for addressing the
knowledge gaps from the ground level (practitioners
and farmers) to the higher level (policymakers). In the
same manner, policies formulated at the higher level

Institutional approach

to prioritize the

following research

areas

+ Measuring the
magnitude of
antibiotic pollution in
pharmaceutical waste
in different areas of
India

Pharmaceutical Export Promotion Council of India, Drug
Control General of India, Public Health Engineering

Multi-disciplinary team consisting of Microbiologist,
Environmentalist, Drug Inspector, Scientist, Engineers of

Programmatlc/ Policy approach
Formulation of government guidelines
for monitoring antibiotic residues in the
environment and building the capacity
of industry, and the need to develop
robust, transparent and cost-effective
monitoring infrastructure including lab
testing, etc.at SPCBs

+ Promotion of pharma companies
transitioning towards sustainable
antibiotic manufacturing practices

+ Promotion of research on
ethno-veterinary antibiotics to monitor
their unique contributions to AMR.

+ Central and state level support to the
domestic industry, especially the small
manufacturers that lack the resources
to become environmentally
sustainable.

+ Innovative and cost-effective solutions
need to be developed for widespread
adoption. These include easy and
inexpensive process in place of more
capital-intensive solutions.

+ The lessons learnt from the factory and
CETP levels in reducing AMR through
good antibiotic manufacturing
practices can be leveraged to design
the state AMR action plans

wonog o1 do|

can percolate to the ground level. As the ‘One health’
approach requires the interlinking of human, animal,
and environmental health, a steering committee
governed by a national-level administrator, with
representation from sector-specific committees to
address their issues and develop appropriate policy
intervention and governance, have to be established.
However, the policies should focus on the following
action points, categorised as ‘short-term’ and ‘long-
term’.

Collectively, these approaches can lead us in
strengthening India’s leadership in containing
environmental AMR as well as achieving AMR
stewardship (Figure 10.1).



The short-term action points include:

Institutional and
regulatory strengthening
for improved effluent
treatment and handling
in sectors

Inclusion of Residual
Antibiotic Management
in Environmental policies
and guidelines from the
perspective of both
manufacturing and use
of antibiotics

Provision of subsidies or
incentives to farmers for
encouraging them to
adopt alternatives to
antibiotic growth
promoters

Enhanced participation
of pharmaceutical
companies towards

B
§
Eige
sustainable antibiotic

manufacturing practices

The long-term action points include:

Rational use of antibiotics
both in humans and
animals

Multisectoral
engagement for tracking
and collection of AMR
data from human health,
animal health and the
environment, using the
‘One Health' approach

Development of strong
surveillance to monitor the
antibiotic residues and
transmission of AMR
bacteria from healthcare
facilities, pharmaceutical
effluents, food animals,
water etc.

Promotion of more
research and technological
innovation to optimize the
use of antibiotics in certain
sectors as well as to reduce
the incidence of AMR

Making the engagement of
microbiologists and
environmental specialists in
the sectors contributing to
environmental AMR
mandatory, for time-to-time
monitoring and reporting of
the resistance patterns of
the different bacteria in the
environmental samples
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/+ Research for monitoring AMR in
the environment and humans

« Technological innovations for g

1) Developing alternatives to AMR
antibiotics for several domains %

2) Removal of antibiotic residue and containment

K ARBs from various effluents )

Strengthening knowledge,
awareness and best practices
among the stakeholders of
different domains

Monitoring of
policy implementation

Prioritizing domain specific policy intervention

Identification of domains contributing to Environmental AMR

Generating evidence on AMR from ongoing activities / studies / programme

Figure 10.1: Suggested approaches towards containing the environmental AMR in India
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11 | Limitations of the present study and Conclusion

11.1 Limitations of the study

There are a few limitations of the scoping review.

The literatures were obtained from Google
Scholar and PubMed where most of our desired
literature is available. So, some studies that are
not available on these domains may have been
missed out.

Due to present COVID scenario, the key
informants  from different states were
interviewed either telephonically or virtually.
Moreover, owing to the time constraints, the
Klls were conducted on a sectorial basis (e.g.,
pharmaceutical, biomedical, aquaculture,
poultry and livestock sectors) rather than
the ecosystem-wise (e.g., mountain region,
industrial region, coastal region, forest, etc.)
which was planned initially.

11.2 Conclusion

This robust report generated through deep diving
into the dimensions of ‘One health’, envisages overall
cognizance of the policy decision makers about the
scope of emerging AMR in the human health, animal
health, and its impact on the environment.

Key points and action plans as enumerated in the
report are as follows:

Effluents containing antibiotic residues from
pharmaceuticals and healthcare facilities,
expired drugs, excreta from households,
manures and litters from livestock are
responsible for the pollution of the environment
(water and soil) with Antimicrobial Resistant
Bacteria (ARB), Resistance Genes (RGs) (not
resistant) and antimicrobial residues.

Use of antibiotics in aquaculture and plant
agriculture directly causes water and soil
pollution resulting in the development of
antibiotic resistance among bacteria found in
the environment.

Since environmental policies do not include
components of AMR and health policies do
not focus on environmental dimensions on
the development of AMR, this important issue
needs to be addressed on urgent basis for
development of action plan and policy at the
national level.

Methods need to be adopted to measure traces
of antibiotics in various environmental samples
and guidelines should be developed on minimum
allowable thresholds of Antibiotics.

Instrumentation required for such exercise
should be identified and systematically tested
in the field for validation and large-scale
implementation.

Alternatives to antibiotics need to be identified
as growth promoters which should be distributed
through subsidized price & incentivization of the
available alternatives.

The sector-specific recommendations
mentioned in this report would serve as the
guidelines for conducting future research and
innovations targeted towards development of
indigenous cost-effective measures further
bolstered by the knowledge obtained from best
practices of other nations.

A paradigm shift is warranted to modify the
existing Acts & guidelines through development
of suitable policy governance documents
addressing the need of the six pillars of the
National Action Plan on AMR protecting the
environment and averting the public health
threats of AMR.

Finally, the present report is expected to provide
directives towards adopting future strategies,
focusing investment and identifying leadership
for containment of AMR at the national level.






ENVIRONMENTAL DIMENSION OF AMR

Aarti C, Khusro A, Arasu MV, Agastian P, Al-Dhabi NA (2016). Biological potency and characterization of antibacterial substances
produced by Lactobacillus pentosus isolated from Hentak, a fermented fish product of North-East India. Springerplus.;5(1):1743.

Abraham, T.J., 2011. Food safety hazards related to emerging antibiotic resistant bacteria in cultured freshwater fishes of Kolkata,
India. Adv. J. Food Sci. Technol, 3(1), pp.69-72.

Aggarwal A, Bhalla M, Fatima KH.(2021) Detection of New Delhi metallo-beta-lactamase enzyme genebla, ,,,, associated with the Int-1
gene in Gram-negative bacteria collected from the effluent treatment plant of a tuberculosis care hospital in Delhi, India. Access
Microbiol, 2(6):125.

Ahammad, Z. S., Sreekrishnan, T. R., Hands, C. L., Knapp, C. W., & Graham, D. W. (2014). Increased waterborne bla, ,, , resistance gene
abundances associated with seasonal human pilgrimages to the Upper Ganges River. Environmental science & technology, 48(5),
3014-3020.

Aich, N., Ahmed, N. and Paul, A, 2018. Issues of antibiotic resistance in aquaculture industry and its way forward. Int. J. Curr. Microbiol.
Appl. Sci, 7, pp.26-41.

Akiba M, Sekizuka T, Yamashita A, et al. (2016) Distribution and Relationships of Antimicrobial Resistance Determinants among
Extended-Spectrum-Cephalosporin-Resistant or Carbapenem-Resistant Escherichia coli Isolates from Rivers and Sewage
Treatment Plants in India. Antimicrob Agents Chemother., 60(5):2972-2980.

Alsan, M., Kammili, N., Lakshmi, J., Xing, A., Khan, A., Rani, M., ... & Owens, D. K. (2018). Poverty and community-acquired antimicrobial
resistance with extended-spectrum B-lactamase—-producing organisms, Hyderabad, India. Emerging infectious diseases, 24(8),
1490.

Alayande, K. A., Aiyegoro, O. A., & Ateba, C. N. (2020). Probiotics in animal husbandry: applicability and associated risk factors.
Sustainability, 12(3), 1087. doi:10.3390/su12031087

Annamanedi, M., Sheela, P., Sundareshan, S., Isloor, S., Gupta, P.,, Jasmeen, P, ... & Hegde, N. R. (2021). Molecular fingerprinting of
bovine mastitis-associated Staphylococcus aureus isolates from India. Scientific reports, 11(1), 1-15.

Arora, D., Kumar, S., Singh, D., Jindal, N., & Mahajan, N. K. (2013). Isolation, characterization and antibiogram pattern of Salmonella
from poultry in parts of Haryana, India. Adv Anim Vet Sci, 1(5), 161-163.

Arumugam, U., Stalin, N. and Rebecca, G.P., 2017. Isolation, molecular identification and antibiotic resistance of Enterococcus faecalis
from diseased Tilapia. Int. J. Curr. Microbiol. Appl. Sci, 6(6), pp.136-146.

Aslesh, O. P, Ubaid, N. P,, Nagaraja, S. B., Shewade, H. D., Padmanabhan, K. V., Naik, B. R., & Jayasree, A. K. (2015). Compliance with
infection control practices in sputum microscopy centres: a study from Kerala, India. Public health action, 5(4), 255-260.

Azam, M., Jan, A. T,, & Haq, Q. M. (2016). blaCTX-M-152, a novel variant of CTX-M-group-25, identified in a study performed on the
prevalence of multidrug resistance among natural inhabitants of river Yamuna, India. Frontiers in microbiology, 7, 176.

Aziz, A., Kumar, N., Kumar, S., & Trigun, V. (2018). Antimicrobial resistance: progress in the decade since emergence of New Delhi
metallo-B-lactamase in India. Indian journal of community medicine: official publication of Indian Association of Preventive &
Social Medicine, 44(1), 4.

Balaji, V., Rupali, P., Walia, K. & Ohri, V.C. (2018). Antimicrobial Stewardship Program Guideline. New Delhi: Indian Council of Medical
Research.

Bajpai, S., Alam, N., & Biswas, P. (2019). Present and Potential Water-Quality Challenges in India. In Separation Science and Technology
(Vol. 11, pp. 85-112). Academic Press.

Barbhuiya, N. H., & Adak, A. (2021). Determination of antimicrobial concentration and associated risk in water sources in West Bengal
state of India. Environmental Monitoring and Assessment, 193(2), 1-12.

Bengtsson-Palme, J., Boulund, F., Fick, J., Kristiansson, E., & Larsson, D. G. (2014). Shotgun metagenomics reveals a wide array of
antibiotic resistance genes and mobile elements in a polluted lake in India. Frontiers in microbiology, 5, 648.

Balasubramaniam, A., Arthanari Eswaran, M., Suresh, P., & Sukumar, K. (2014). Detection of tetracycline resistance determinant tetA gene
and antimicrobial resistance pattern in Escherichia coli isolates recovered from healthy layer chickens. Veterinary World, 7(9).
Bandyopadhyay, S., Samanta, |., Bhattacharyya, D., Nanda, P. K., Kar, D., Chowdhury, J., ... & Bandyopadhyay, S. (2015). Co-infection
of methicillin-resistant Staphylococcus epidermidis, methicillin-resistant Staphylococcus aureus and extended spectrum

B-lactamase producing Escherichia coli in bovine mastitis—three cases reported from India. Veterinary Quarterly, 35(1), 56-61.

Banerjee, D., & Raghunathan, A. (2018). Knowledge, attitude and practice of antibiotic use and antimicrobial resistance: a study post
the ‘Red Line' initiative. Current Science (00113891), 114(9).

Bangera, S. R., Umakanth, S., Chowdhury, G., Saha, R. N., Mukhopadhyay, A. K., & Ballal, M. (2019). Poultry: A receptacle for non-
typhoidal Salmonellae and antimicrobial resistance. Iranian journal of microbiology, 11(1), 31.

Bardhan, T., Chakraborty, M., & Bhattacharjee, B. (2020). Prevalence of colistin-resistant, carbapenem-hydrolyzing proteobacteria in
hospital water bodies and out-falls of west Bengal, India. International journal of environmental research and public health, 17(3),
1007.

BeheraBK, Chakraborty HJ, Patra B, et al (2012). Metagenomic Analysis Reveals Bacterial and Fungal Diversity and Their Bioremediation
Potential From Sediments of River Ganga and Yamuna in India. Front Microbiol.;11:556136.

Berendes DM, Leon JS, Kirby AE, (2019) Associations between open drain flooding and pediatric enteric infections in the cohort in a
low-income, urban neighborhood in Vellore, India. BMC Public Health.;19(1):926.

Bhat, A. M., Soodan, J. S., Singh, R., Dhobi, I. A., Hussain, T., Dar, M. Y., & Mir, M. (2017). Incidence of bovine clinical mastitis in Jammu
region and antibiogram of isolated pathogens. Veterinary world, 10(8), 984.

Bhatia, R. (2018). Universal health coverage framework to combat antimicrobial resistance. The Indian journal of medical research
147(3), 228.




ENVIRONMENTAL DIMENSION OF AMR

Bhattacharyya, A., Haldar, A., Bhattacharyya, M., & Ghosh, A. (2019). Anthropogenic influence shapes the distribution of antibiotic
resistant bacteria (ARB) in the sediment of Sundarban estuary in India. Science of the Total Environment, 647, 1626-1639.

Bhattacharyya, D., Banerjee, J., Bandyopadhyay, S., Mondal, B., Nanda, P. K., Samanta, |, ... & Bandyopadhyay, S. (2016). First report on
vancomycin-resistant Staphylococcus aureus in bovine and caprine milk. Microbial Drug Resistance, 22(8), 675-681.

Bhave, S., Kolhe, R., Mahadevaswamy, R., Bhong, C., Jadhay, S., Nalband, S., ... & Muglikar, D. (2019). Phylogrouping and antimicrobial
resistance analysis of extraintestinal pathogenic Escherichia coli isolated from poultry species. Turkish Journal of Veterinary and
Animal Sciences, 43(1), 117-126.

Bhowmik D, Chetri S, Das BJ, Dhar Chanda D, Bhattacharjee A.( 2021) Distribution virulence genes and SCC mec types among
methicillin-resistant Staphylococcus aureus of clinical and environmental origin: a study from community of Assam India. BMC
Res Notes.;14(1):58.

Bhushan, C., Khurana, A., Sinha, R. (2016). Antibiotic use and waste management in aquaculture: CSE recommendations based on a
case study from West Bengal, Centre for Science and Environment, New Delhi.

Bhushan, C., Khurana, A., Sinha, R., & Nagaraju, M. (2017). Antibiotic resistance in poultry environment: Spread of resistance from
poultry farm to agricultural field. Centre for Science and Environment, 36.

Brower CH, Mandal S, Hayer S, Sran M, Zehra A, Patel SJ, Kaur R, Chatterjee L, Mishra S, Das BR, Singh P, Singh R, Gill JPS, Laxminarayan
R. (2017). The Prevalence of Extended-Spectrum Beta-Lactamase-Producing Multidrug-Resistant Escherichia Coli in Poultry
Chickens and Variation According to Farming Practices in Punjab, India. Environ Health Perspect., 125(7):077015. doi: 10.1289/
EHP292.

Blirgmann, H., Frigon, D., H Gaze, W., M Manaia, C., Pruden, A., Singer, A. C., ... & Zhang, T. (2018). Water and sanitation: an essential
battlefront in the war on antimicrobial resistance. FEMS microbiology ecology, 94(9), 1-14. doi: 10.1093/femsec/fiy101

Centre for Disease Dynamics, Economics & Policy, & Global Antibiotic Resistance Partnership (2016). Antibiotic Use and Resistance in
Food Animals: Current Policy and Recommendations. USA: Centre for Disease Dynamics, Economics & Policy.

Chakraborty B, Roy S, Bera A.(2021). Eco-restoration of river water quality during COVID-19 lockdown in the industrial belt of eastern
India. Environ Sci Pollut Res Int.;28(20):25514-25528.

Chakraborty R, Kumar A, Bhowal SS, Mandal AK, Tiwary BK, Mukherjee S.( 2013) Diverse gene cassettes in class 1 integrons of
facultative oligotrophic bacteria of Rive Mahananda,West Bengal, India. PLoS One.;8(8):€71753

Chakraborty, S., Roychoudhury, P., Samanta, |., Subudhi, P. K., Das, M., De, A, ... & Dutta, T. K. (2020). Molecular detection of biofilm,
virulence and antimicrobial resistance associated genes of Salmonella serovars isolated from pig and chicken of Mizoram, India.
Indian Journal of Animal Research, 54(5).

Chandra Bhushan, Amit Khurana, Rajeshwari Sinha, 2016, Antibiotic use and waste management in aquaculture: CSE recommendations
based on a case study from West Bengal, Centre for Science and Environment, New Delhi

Chandra, P, Mk, U., Ke, V., Mukhopadhyay, C., & U, D. A. (2021). Antimicrobial resistance and the post antibiotic era: better late than
never effort. Expert opinion on drug safety, (accepted).

Chatterjee A, Sicheritz-Pontén T, Yadav R, Kondabagil K. (2019) Genomic and metagenomic signatures of giant viruses are ubiquitous
in water samples from sewage, inland lake, waste water treatment plant, and municipal water supply in Mumbai, India. Sci
Rep.;9(1):3690.

Chauhan, A., Goyal, P, & Varma, A. (2015). In-vitro antibiotic resistance and heavy metal tolerance patterns of gram-positive and gram-
negative bacteria isolated from effluent treated water of Delhi, India. Journal of Current Pharma Research, 5(2), 1449.

Chellapandi P (2021) Development of top-dressing automation technology for sustainable shrimp aquaculture in India. Discover
Sustainability.;2(1):26-41.

Controlling Antibiotic Residues in Fish and Fishery Products: Design and details of NRCP and PHT, MPEDA (https://cdn.cseindia.org,
attachments/0.44311800_1531112836_controlling-antibiotic-residues-fish.pdf)

Das, B., Chaudhuri, S., Srivastava, R., Nair, G. B., & Ramamurthy, T. (2017). Fostering research into antimicrobial resistance in India. bmj,
358.

Damodhar, U., & Vikram Reddy, M. (2013). Impact of pharmaceutical industry treated effluents on the water quality of river Uppanar,
South east coast of India: a case study. Applied Water Science, 3(2), 501-514.

Dash, M., Padhi, S., Mohanty, |., Panda, P., & Parida, B. (2013). Antimicrobial resistance pathogens causing urinary tract infectionsin a
rural community of Odisha, India. Journal of family & community medicine, 20(1), 20.

Datta P, Mohi GK, Chander J.(2018) Biomedical waste management in India: Critical appraisal. J Lab Physicians.10(1):6-14.

Debnath, B. C., Choudhary, K. B. D., Ravikanth, K., Thakur, A., Maini, S., & Nagar, R. K. (2014). Comparative efficacy of natural growth
promoter (av/agp/10) with antibiotic growth promoter on overall growth performance and intestinal morphometry in broiler birds.
Int J Pharm Sci Heal Care, 2(4), 155-168.

Department of Animal Husbandry, Dairying and Fisheries under Ministry of Agriculture [Advisory to the Dept. of Animal Husbandry of
all State Governments and Union Territories (No. 102-74/2014-Trade).

Devarajan, N., Laffite, A., Mulaji, C. K., Otamonga, J. P., Mpiana, P. T., Mubedi, J. I, ... & Poté, J. (2016). Occurrence of antibiotic resistance
genes and bacterial markers in a tropical river receiving hospital and urban wastewaters. PLoS One, 11(2), e0149211.

Dhawde, R., Macaden, R., Saranath, D., Nilgiriwala, K., Ghadge, A., & Birdi, T. (2018). Antibiotic resistance characterization of
environmental E. coli isolated from River Mula-Mutha, Pune District, India. International journal of environmental research and
public health, 15(6), 1247.

Diwan V, Tamhankar AJ, Khandal RK, (2010) Antibiotics and antibiotic-resistant bacteria in waters associated with a hospital in Ujjain,
India. BMC Public Health.;10:414.




ENVIRONMENTAL DIMENSION OF AMR

Diwan, V., Chandran, S. P, Tamhankar, A. J., Stalsby Lundborg, C., & Macaden, R. (2012). Identification of extended-spectrum
B-lactamase and quinolone resistance genes in Escherichia coli isolated from hospital wastewater from central India. Journal of
Antimicrobial Chemotherapy, 67(4), 857-859.

Diwan, V., Hanna, N., Purohit, M., Chandran, S., Riggi, E., Parashar, V., ... & Stalsby Lundborg, C. (2018). Seasonal variations in water-
quality, antibiotic residues, resistant bacteria and antibiotic resistance genes of Escherichia coli isolates from water and
sediments of the Kshipra River in Central India. International journal of environmental research and public health, 15(6), 1281.

Diwan, V., Chandran, S. P, Riggi, E., Parashar, V., ... & Lundborg, C. S. (2020). Monitoring of Water Quality, Antibiotic Residues, and
Antibiotic-Resistant Escherichia coli in the Kshipra River in India over a 3-Year Period. International journal of environmental
research and public health, 17(21), 7706.

Dixit, A., Kumar, N., Kumar, S., & Trigun, V. (2019). Antimicrobial resistance: progress in the decade since emergence of New Delhi
metallo-B-lactamase in India. Indian journal of community medicine: official publication of Indian Association of Preventive &
Social Medicine, 44(1), 4.

Dubey D, Rath S, Sahu MC, Rout S, Debata NK, Padhy RN (2013). A report on infection dynamics of inducible clindamycin resistance of
Staphylococcus aureus isolated from a teaching hospital in India. Asian Pac J Trop Biomed.;3(2):148-153.

Export Inspection Council (2011). Milk Product: Residue Monitoring Plan (RMP) for Export to EU, Year 2011-12. Export Inspection Council,
Ministry of Commerce & Industry, Government of India.

Export Inspection Council (2019). Honey: Residue Monitoring Plan (RMP), Year 2019-20. Export Inspection Council, Ministry of
Commerce & Industry, Government of India.

Falkenberg T, Saxena D.(2018) Impact of Wastewater-Irrigated Urban Agriculture on Diarrhea Incidence in Ahmedabad, India. Indian J
Community Med;43(2):102-106.

Fernandes SO, Kirchman DL, Michotey VD, Bonin PC, LokaBharathi PA.( 2015) Bacterial diversity in relatively pristine and
anthropogenically-influenced mangrove ecosystems (Goa, India). Braz J Microbiol.;45 (4):1161-1171.

Food and Agricultural Organization of the United Nations (FAO) (May 2018). Antimicrobial Resistance in the Environment. Antimicrobial-
Resistance@fao.org & www.fao.org/antimicrobial-resistance.

Food safety and standards (contaminants, toxins and residues) regulations, 2011, FSSAI (https://www.fssai.gov.in/upload/uploadfiles,
files/Compendium_Contaminants_Regulations_20_08_2020.pdf)

Gandhale, D., Kolhe, R., Nalband, S., Deshpande, P., Jagtap, U., Dhandore, C,, ... & Kolhe, S. (2017). Molecular types and antimicrobial
resistance profile of Staphylococcus aureus isolated from dairy cows and farm environments. Turkish journal of veterinary and
animal sciences, 41(6), 713-724.

Gandra, S., Joshi, J., Trett, A.,, Lamkang, A. S., & Laxminarayan, R. (2017). Scoping Report on Antimicrobial Resistance in India.
Washington, DC: Center for Disease Dynamics, Economics & Policy; 2017.

Gandra, S., & Kotwani, A. (2019). Need to improve availability of “access” group antibiotics and reduce the use of “watch” group
antibiotics in India for optimum use of antibiotics to contain antimicrobial resistance. Journal of pharmaceutical policy and
practice, 12(1), 1-4.

Gandra, S., Alvarez-Uria, G., Turner, P., Joshi, J., Limmathurotsakul, D., & van Doorn, H. R. (2020). Antimicrobial resistance surveillance
in low-and middle-income countries: progress and challenges in eight South Asian and Southeast Asian countries. Clinical
Microbiology Reviews, 33(3), e00048-19.

Gandra, S., Mojica, N., Klein, E. Y., Ashok, A., Nerurkar, V., Kumari, M., ... & Laxminarayan, R. (2016). Trends in antibiotic resistance
among major bacterial pathogens isolated from blood cultures tested at a large private laboratory network in India, 2008-2014.
International Journal of Infectious Diseases, 50, 75-82.

Ganguly, S., & Mitchell, A. P. (2011). Mucosal biofilms of Candida albicans. Current opinion in microbiology, 14(4), 380-385.

Gazette of India (2019). Gazette Notification S.0. 2607 (E). New Delhi: Gazette of India.

Gazette of India (2020). Gazette Notification G.S.R. 44(E). New Delhi: Gazette of India.

Gelband, H., Molly Miller, P, Pant, S., Gandra, S., Levinson, J., Barter, D., ... & Laxminarayan, R. (2015). The state of the world'’s antibiotics
2015. Wound healing southern africa, 8(2), 30-34.

Ghafur, A., Gill, J.P.S., Gopalakrishnan, R., Hegde, B.M., Huilgol, A., Jayalal, J.A., Kant, R. et al. 2013. ““The Chennai Declaration’
Recommendations of ‘A Roadmapto Tackle the Challenge of Antimicrobial Resistance’ — A Joint Meeting of Medical Societies of
India. "Indian Journal of Cancer. doi:10.4103/0019-509X.104065.

Global Antibiotic Resistance Partnership (GARP)-India Working Group. (2011). Rationalizing antibiotic use to limit antibiotic resistance
in India+. The Indian journal of medical research, 134(3), 281.

Gothwal, R., & Shashidhar, T. (2015). Antibiotic pollution in the environment: a review. Clean - Soil, Air, Water, 43(4), 479-489.

Gothwal, R., & Shashidhar. (2017). Occurrence of high levels of fluoroquinolones in aquatic environment due to effluent discharges
from bulk drug manufacturers. Journal of Hazardous, Toxic, and Radioactive Waste, 21(3), 05016003.

Gowda, T. K., & Van Damme, I. (2017). Occurrence and antibiotic susceptibility of Listeria species and Staphylococcus aureus in cattle
slaughterhouses of Kerala, South India. Foodborne pathogens and disease, 14(10), 573-579.

Guidelines for regulating Coastal Aquaculture’, Guidelines annexed to CAA Rules (2005). http://caa.gov.in/uploaded/doc/Guidelines-
Englishnew.pdf

Gupta, S., Dobhal, R., Gupta, A., Rani, U., & Kumar, V. (2012). Water Quality Assessment and Treatment of Pharmaceutical Industry
Wastewater: A Case Study of Pharmacity Selaqui, Dehradun of Uttarakhand State, India. In Phytobiont and Ecosystem Restitution
(pp. 329-377).

Gupta, G., Parihar, S. S., Ahirwar, N. K., Snehi, S. K., & Singh, V. (2015). Plant growth promoting rhizobacteria (PGPR): current and




ENVIRONMENTAL DIMENSION OF AMR

future prospects for development of sustainable agriculture. Journal of Microbial Biochemical Technology, 7(2), 096-102. doi.
org/10.4172/1948-5948.1000188

Gupta, S., Kapur, S., & Padmavathi, D. V. (2014). Comparative prevalence of antimicrobial resistance in community-acquired urinary
tract infection cases from representative States of northern and southern India. Journal of clinical and diagnostic research: JCDR,
8(9), DCO9.

Hanna N, Purohit M, Diwan V, et al.(2020) Monitoring of Water Quality, Antibiotic Residues, and Antibiotic-Resistant Escherichiacoli in
the Kshipra River in India over a 3-Year Period. Int J Environ Res Public Health; 17(21):7706.

Hernando-Amado, S., Coque, T. M., Baquero, F., & Martinez, J. L. (2019). Defining and combating antibiotic resistance from One Health
and Global Health perspectives. Nature microbiology, 4(9), 1432-1442.

Hussain, A., Shaik, S., Ranjan, A., Nandanwar, N., Tiwari, S. K., Majid, M., ... & Ahmed, N. (2017). Risk of transmission of antimicrobial
resistant Escherichia coli from commercial broiler and free-range retail chicken in India. Frontiers in microbiology, 8, 2120.

ICMR (2019). Treatment Guidelines for Antimicrobial Use in Common Syndromes. New Delhi: Indian Council of Medical Research.
https://main.icmr.nic.in/sites/default/files/quidelines/Treatment Guidelines_2019_Final.pdf

Indian Council of Medical Research (2015). India’s Antimicrobial Resistance Surveillance & Research Initiatives. https://iamrsn.icmr.org.
in/index.php/resources/amr-icmr-data

Indian Council of Medical Research (2017). India’s Antimicrobial Resistance Surveillance & Research Initiatives. https://iamrsn.icmr.
org.in/index.php/resources/amr-icmr-data

Indian Council of Medical Research. (2013). India’s Antimicrobial Resistance Surveillance & Research Initiative. https://iamrsn.icmr.org.
in/index.php/amrsn/amrsn-network

Jadeja, N. B., & Worrich, A. (2022). From gut to mud: dissemination of antimicrobial resistance between animal and agricultural niches.
Environmental Microbiology.

JaipurDeclarationon Antimicrobial Resistance, 2011. http:.//www.searo.who.int/entity/antimicrobial_resistance/jaipurdeclaration-2011.
pdf?ua=1. Accessed on October 9, 2017.

Jayaraman, S, Das, P. P, Saini, P. C., Roy, B., & Chatterjee, P. N. (2017). Use of Bacillus Subtilis PB6 as a potential antibiotic growth
promoter replacement in improving performance of broiler birds. Poultry science, 96(8), 2614-2622.

Jindal, A. K., Pandya, K., & Khan, I. D. (2015). Antimicrobial resistance: A public health challenge. medical journal armed forces india,
71(2), 178-181.

Joseph, AV, Sasidharan, R.S., Nair, H.P. and Bhat, S.G., 2013. Occurrence of potential pathogenic Aeromonas species in tropical
seafood, aquafarms and mangroves off Cochin coast in South India. Veterinary World, 6(6).

Joshi SC, Diwan V, Joshi R, et al. (2018) “How Can the Patients Remain Safe, If We Are Not Safe and Protected from the Infections”? A
Qualitative Exploration among Health-Care Workers about Challenges of Maintaining Hospital Cleanliness in a Resource Limited
Tertiary Setting in Rural India. Int J Environ Res Public Health; 15(9):1942.

Joshi SC, Diwan V, Tamhankar AJ, et al. (2015) Staff perception on biomedical or health care waste management: a qualitative study
in a rural tertiary care hospital in India. PLoS One. 2015;10(5):e0128383.

Joshua, D. I, Praveenkumarreddy, Y., Prabhasankar, V. P., D'Souza, A. P.,, Yamashita, N., & Balakrishna, K. (2015). First report of
pharmaceuticals and personal care products in two tropical rivers of southwestern India. Environmental Monitoring and
Assessment, 192(8), 1-8.

Juisiri, C. (n.d.). Thailand: Antimicrobial Resistance in the Environment [PowerPoint Presentation]. https://wedocs.unep.org/bitstream
handle/20.500.11822/35013/Thailand-AMR.pdf?sequence=3&isAllowed=y

Kabir, S. L., Asakura, M., Shiramaru, S., Pal, A., Hinenoya, A., & Yamasaki, S. (2015). Molecular identification and antimicrobial resistance
profiles of Campylobacter strains of poultry origin in India with special emphasis on fluoroquinolone resistance. Asian Journal of
Medical and Biological Research, 1(1), 1-8.

Kalia, A., & Gosal, S. K. (2011). Effect of pesticide application on soil microorganisms. Archives of Agronomy and Soil Science, 57(6),
569-596.

Kapoor D, Nirola A, Kapoor V, Gambhir RS. (2014) Knowledge and awareness biomedical waste management in dental teaching
institutions in India- A systematic review. J Clin Exp Dent. 2014;6(4):e419-e424.

Kapoor R, Ebdon J, Wadhwa A, et al. (2021). Evaluation of Low-Cost Phage-Based Microbial Source Tracking Tools for Elucidating
Human Fecal Contamination Pathways in Kolkata, India. Front Microbiol.;12:673604.

Kar, D., Bandyopadhyay, S., Bhattacharyya, D., Samanta, I., Mahanti, A., Nanda, P. K., ... & Singh, R. K. (2015). Molecular and phylogenetic
characterization of multidrug resistant extended spectrum beta-lactamase producing Escherichia coli isolated from poultry and
cattle in Odisha, India. Infection, Genetics and Evolution, 29, 82-90.

Karunanidhi D, Aravinthasamy P, Deepali M, Subramani T, Shankar K. (2021) Groundwater Pollution and Human Health Risks in an
Industrialized Region of Southern India: Impacts of the COVID-19 Lockdown and the Monsoon Seasonal Cycles. Arch Environ
Contam Toxicol.;80 (1):259-276.

Khan R, Saxena A, Shukla S. (2021) Assessment of the impact of COVID-19 lockdown on the heavy metal pollution in the River Gomti,
Lucknow city, Uttar Pradesh,India. Environmental Quality Management. 2021;10.1002.

Khan, J. A.,Rathore,R. S., Abulreesh, H. H., Qais, F. A., & Ahmad, |. (2018). Prevalence and antibiotic resistance profiles of Campylobacter
jejuni isolated from poultry meat and related samples at retail shops in Northern India. Foodborne pathogens and disease, 15(4),
218-225.

Khurana, A.(2019). Non-therapeutic antibiotic use and use of criticallyimportant antimicrobialsin food-animals. https://policycommons.
net/artifacts/2265813/non-therapeutic-antibiotic-use-and-use-of-critically-important-antimicrobials-in-food-animals/3025483/




ENVIRONMENTAL DIMENSION OF AMR

Khurana, A., Sinha, R., & Bhati, D. (2021). Conserving the Use of Critically Important Antimicrobials in Food-producing Animals: Gaps
and Possibilities in Global Guidance and Indian Policy Framework.

Kishore J, Agarwal R, Kohli C, Sharma PK, Kamat N, Tyagi S.(2014) Status of biomedical waste management in nursing homes of delhi,
India. J Clin Diagn Res. 2014;8(3):56-58.

Koovapra, S., Bandyopadhyay, S., Das, G., Bhattacharyya, D., Banerjee, J., Mahanti, A, ... & Singh, R. K. (2016). Molecular signature of
extended spectrum B-lactamase producing Klebsiella pneumoniae isolated from bovine milk in eastern and north-eastern India.
Infection, Genetics and Evolution, 44,395-402.

Kotwani, A., & Holloway, K. (2011). Trends in antibiotic use among outpatients in New Delhi, India. BMC infectious diseases, 11(1), 1-9.

Kraemer, S. A., Ramachandran, A., & Perron, G. G. (2019). Antibiotic pollution in the environment: from microbial ecology to public
policy. Microorganisms, 7(6), 180.

Kumar A, Mishra S, Taxak AK, Pandey R, Yu ZG. (2021) Nature rejuvenation: Long-term (1989- 2016) vs short-term memory approach
based appraisal of water quality of the upper part of Ganga River, India. Environ Technol Innov.; 20:101164.

Kumar M, Joshi M, Shah AV, Srivastava V, Dave S. (2021) Wastewater surveillance-based city zonation for effective COVID-19 pandemic
preparedness powered by early warning:A perspectives of temporal variations in SARS-CoV-2-RNA in  Ahmedabad, India. Sci
Total Environ.; 792:148367.

Kumar M, Patel AK, Shah AV, et al.(2020) First proof of the capability of wastewater surveillance for COVID-19 in India through detection
of genetic material of SARS- CoV-2. Sci Total Environ., 746:141326.

Kumar R, Gupta AK, Aggarwal AK, Kumar A. (2014) A descriptive study on evaluation of bio-medical waste management in a tertiary
care public hospital of North India. J Environ Health Sci Eng;12:69

Kumar, H. C., Hiremath, J., Yogisharadhya, R., Balamurugan, V., Jacob, S. S., Reddy, G. M,, ... & Shome, B. R. (2021). Animal disease
surveillance: Its importance & present status in India. Indian Journal of Medical Research, 153(3), 299. doi:10.4103/ijmr.
IUMR_740_21

Kumar, P, Bag, S., Ghosh, T. S., Dey, P., Dayal, M., Saha, B, ... & Das, B. (2017). Molecular insights into antimicrobial resistance traits of
multidrug resistant enteric pathogens isolated from India. Scientific reports, 7(1), 1-12.

Kumar, S. G., Adithan, C., Harish, B. N., Sujatha, S., Roy, G., & Malini, A. (2013). Antimicrobial resistance in India: A review. Journal of
natural science, biology, and medicine, 4(2), 286.

Kumar, T., Mahajan, N. K., & Rakha, N. K. (2012). Isolation and prevalence of Salmonella serovars from poultry in different parts of
Haryana, India. Indian Journal of Animal Sciences, 82(6), 557.

Kurt, A., Mert, B. K., Ozengin, N., Sivrioglu, 0., & Yonar, T. (2017). Treatment of Antibiotics in Wastewater Using Advanced Oxidation
Processes (AOPs). In R. Farooq & Z. Ahmad (Eds.), Physico—Chemical Wastewater Treatment and Resource Recovery.

Lalzampuia, H., Dutta, T. K., Warjri, I., & Chandra, R. (2013). PCR-based detection of extended-spectrum B-lactamases (bla CTX-M-1
and bla TEM) in Escherichia coli, Salmonella spp. and Klebsiella pneumoniae isolated from pigs in North Eastern India (Mizoram).
Indian journal of microbiology, 53(3), 291-296.

Laxminarayan, R., & Chaudhury, R. R. (2016). Antibiotic resistance in India: drivers and opportunities for action. PLoS medicine, 13(3),
e€1001974.

Laxminarayan, R., Duse, A., Wattal, C., Zaidi, A. K., Wertheim, H. F,, Sumpradit, N., ... & Cars, 0. (2013). Antibiotic resistance—the need
for global solutions. The Lancet infectious diseases, 13(12), 1057-1098.

Laxminarayan, R., Duse, A., Wattal, C., Zaidi, A. K., Wertheim, H. F., Sumpradit, N., ... & Cars, 0. (2013). Antibiotic resistance—the need
for global solutions. The Lancet infectious diseases, 13(12), 1057-1098.

Laxminarayan, R., VanBoeckel, T., and Teillant, A. (2015). “The Economic Costs of Withdrawing Antimicrobial Growth Promoters from
the Livestock Sector,” OECD Food, Agriculture and Fisheries Papers no. 78.

List of Antibiotics and other pharmacologically active substances banned for using in shrimp aquaculture by Coastal Aquaculture
Authority (http://caa.gov.in/uploaded/doc/Pharmacologically.pdf)

Lonnaeus, K. (2016). Sustainable pharmaceuticals — Public procurement as a political tool. SIWI, Stockholm.

Libbert, C., Baars, C., Dayakar, A., Lippmann, N., Rodloff, A. C., Kinzig, M., & Sorgel, F. (2017). Environmental pollution with antimicrobial
agents from bulk drug manufacturing industries in Hyderabad, South India, is associated with dissemination of extended-
spectrum beta-lactamase and carbapenemase-producing pathogens. Infection, 45(4), 479-491.

Malik, A., & Aleem, A. (2011). Incidence of metal and antibiotic resistance in Pseudomonas spp. from the river water, agricultural soil
irrigated with wastewater and groundwater. Environmental monitoring and assessment, 178(1), 293-308.

Manar MK, Sahu KK, Singh SK. (2014) Hospital waste management in nonteaching hospitals of lucknow city, India. J Family Med Prim
Care, 3(4):393-395.

Mann, A., Nehra, K., Rana, J. S., & Dahiya, T. (2021). Antibiotic resistance in agriculture: Perspectives on upcoming strategies to
overcome upsurge in resistance. Current Research in Microbial Sciences, 2, 100030.

Marathe, N. P, Pal, C., Gaikwad, S. S., Jonsson, V., Kristiansson, E., & Larsson, D. J. (2017). Untreated urban waste contaminates Indian
river sediments with resistance genes to last resort antibiotics. Water research, 124, 388-397

Marathe, N.P., Gaikwad, S.S., Vaishampayan, A.A., Rasane, M.H., Shouche, Y.S. and Gade, W.N., (2016). Mossambicus tilapia
(Oreochromis mossambicus) collected from water bodies impacted by urban waste carries extended-spectrum beta-lactamases
and integron-bearing gut bacteria. Journal of biosciences, 41(3), pp.341-346.

Marine Products Export Development Authority (MPEDA). (n.d.). National Residue Control Plan (NRCP). https://mpeda.gov.in/?page
id=1088

Marine Products Export Development Authority (MPEDA). (n.d.). Pre-Harvest Testing (PHT) of aquaculture products. https://mpeda.




ENVIRONMENTAL DIMENSION OF AMR

gov.in/?page_id=1094

Meenatchi R, Brindangnanam P, Hassan S, Rathna K, Kiran GS, Selvin J. (2020) Diversity of a bacterial community associated with
Cliona lobata Hancock and Gelliodes pumila (Lendenfeld, 1887) sponges on the South-East coast of India. Sci Rep. ;10(1):11558

Menon ND, Kumar MS, Satheesh Babu TG, et al. (2021) A Novel N4-Like Bacteriophage Isolated from a Wastewater Source in South
India with Activity against Several Multidrug-Resistant Clinical Pseudomonas aeruginosa Isolates. mSphere.;6(1):e01215-20.

Ministry of Drinking Water and Sanitation (2017). Guidelines for Swachh Bharat Mission (Gramin). https://swachhbharatmission.gov.in
sbmcems/writereaddata/images/pdf/Guidelines/Complete-set-guidelines.pdf

Ministry of Health and Family Welfare & World Health Organization India (2017). National Action Plan on Antimicrobial Resistance (NAP-
AMR) 2017 - 2021. New Delhi: Government of India

Ministry of Health and Family Welfare (Department of Health and Family Welfare) Notification. 2019. https://cdn.cseindia.org,
attachments/0.72106300_1575967960_ colistin.pdf, accessed on 02.10.2021.

Mitchell, J., Purohit, M., Jewell, C. P, Read, J. M., Marrone, G., Diwan, V., & Stalsby Lundborg, C. (2021). Trends, relationships and case
attribution of antibiotic resistance between children and environmental sources in rural India. Scientific reports, 11(1), 1-11.
Mujeeb Rahiman, K.M., Mohamed Hatha, A.A., Gnana Selvam, A.D. and Thomas, A.P., 2016. Relative prevalence of antibiotic resistance
among heterotrophic bacteria from natural and culture environments of freshwater prawn, Macrobrachium Rosenbergii. Journal

of the World Aquaculture Society, 47(4), pp.470-480.

Mutiyar, P. K., & Mittal, A. K. (2014). Risk assessment of antibiotic residues in different water matrices in India: key issues and
challenges. Environmental Science and Pollution Research, 21(12), 7723-7736. doi: 10.1007/s11356-014-2702-5

Mutua, F., Sharma, G., Grace, D., Bandyopadhyay, S., Shome, B., & Lindahl, J. (2020). A review of animal health and drug use practices in
India, and their possible link to antimicrobial resistance. Antimicrobial Resistance & Infection Control, 9(1), 1-13.

Nagar, V., Shashidhar, R., & Bandekar, J. R. (2011). Prevalence, characterization, and antimicrobial resistance of Aeromonas strains
from various retail food products in Mumbai, India. Journal of food science, 76(7), M486-M492.

Nair, M., Tripathi, S., Mazumdar, S., Mahajan, R., Harshana, A., Pereira, A., ... & Burza, S. (2019). Knowledge, attitudes, and practices
related to antibiotic use in Paschim Bardhaman District: a survey of healthcare providers in West Bengal, India. PLoS One, 14(5),
e0217818.

Nagarajan R, Thirumalaisamy S, Lakshumanan E.(2012) Impact of leachate on groundwater pollution due to non-engineered municipal
solid waste landfill sites of erode city,Tamil Nadu, India. Iranian J Environ Health Sci Eng.;9(1):35-38.

Narayanan, S.V., Joseph, T.C., Peeralil, S., Koombankallil, R., Vaiyapuri, M., Mothadaka, M.P. and Lalitha, K.V., 2020. Tropical shrimp
aquaculture farms harbour pathogenic Vibrio parahaemolyticus with high genetic diversity and Carbapenam resistance. Marine
Pollution Bulletin, 160, p.111551.

National Centre for Disease Control, Directorate General of Health Services (2020). National Guidelines for Infection Prevention and
Control in Healthcare Facilities. Ministry of Health and Family Welfare, Government of India.

National Residue Control Plan (NRCP) by Marine Products Export Development Authority (MPEDA) (https://mpeda.gov.in/?page
id=1088)

Naylor, N. R,, Silva, S., Kulasabanathan, K., Atun, R., Zhu, N., Knight, G. M., & Robotham, J. (2016). Methods for estimating the burden of
antimicrobial resistance: a systematic literature review protocol. Systematic reviews, 5(1), 1-5.

Nguyen, H. Q., Nguyen, N. T., Hughes, C. M., & O’Neill, C. (2019). Trends and impact of antimicrobial resistance on older inpatients with
urinary tract infections (UTIs): A national retrospective observational study. PloS one, 14(10), e0223409.

Nguyen, P. T. T., Nguyen, H. T, Tran, U. N. P,, & Manh Bui, H. (2021). Removal of Antibiotics from Real Hospital Wastewater by Cold
Plasma Technique. Journal of Chemistry, 2021, 1-13. doi.org/10.1155/2021/99817

Omoni, V. T., Makinde, 0. A., & Abutu, S. 0. (2015). Prevalence of multidrug resistant bacteria isolated from biomedical waste generated
in Makurdi Metropolis, Benue State, Nigeria. Microbiology Research Journal International, 1-10.

Patel, A. P, Bhagwat, S. R., Pawar, M. M., Prajapati, K. B., Chauhan, H. D., & Makwana, R. B. (2016). Evaluation of Emblica officinalis fruit
powder as a growth promoter in commercial broiler chickens. Veterinary world, 9(2), 207.

Paulus, G. K., Hornstra, L. M., Alygizakis, N., Slobodnik, J., Thomaidis, N., & Medema, G. (2019). The impact of on-site hospital
wastewater treatment on the downstream communal wastewater system in terms of antibiotics and antibiotic resistance genes.
International journal of hygiene and environmental health, 222(4), 635-644. doi.org/10.1016/j.ijheh.2019.01.004

Perry, J. A., & Wright, G. D. (2013). The antibiotic resistance “mobilome”: searching for the link between environment and clinic. Frontiers
in microbiology, 4

Phukan P. (2014) Compliance to occupational safety measures among the paramedical workers in a tertiary hospital in Karnataka,
South India. Int J Occup Environ Med.,5(1):40-50.

Phillips-Jones, M. K., & Harding, S. E. (2017). Antimicrobial resistance (AMR) nanomachines—mechanisms for fluoroquinolone and
glycopeptide recognition, efflux and/or deactivation. Biophysical reviews, 10(2), 347-362.

Poonia, S., Singh, T. S., & Tsering, D. C. (2014). Antibiotic susceptibility profile of bacteria isolated from natural sources of water from
rural areas of East Sikkim. Indian journal of community medicine: official publication of Indian Association of Preventive & Social
Medicine, 39(3), 156.

Poultry Feed Specification (Fifth revision) IS 1374:2007. Bureau of Indian Standards. https:/law.resource.org/pub/in/bis/S06/
is.1374.2007.pdf, accessed on 02.10.2021.

Preethirani, P. L., Isloor, S., Sundareshan, S., Nuthanalakshmi, V., Deepthikiran, K., Sinha, A. Y., ... & Hegde, N. R. (2015). Isolation,
biochemical and molecular identification, and in-vitro antimicrobial resistance patterns of bacteria isolated from bubaline
subclinical mastitis in South India. PLoS One, 10(11), e0142717.




ENVIRONMENTAL DIMENSION OF AMR

Prestinaci, F., Pezzotti, P., & Pantosti, A. (2015). Antimicrobial resistance: a global multifaceted phenomenon. Pathogens and global
health, 109(7), 309-318.

Purohit, M. R., Chandran, S., Shah, H., Diwan, V., Tamhankar, A. J., & Stalsby Lundborg, C. (2017). Antibiotic resistance in an Indian rural
community: a ‘One-Health’observational study on commensal coliform from humans, animals, and water. International journal of
environmental research and public health, 14(4), 386.

Raj A, Ramakrishnan D, Thomas CRMT, Mavila AD, Rajiv M, Suseela RPB. (2019) Assessment of Health Facilities for Airborne Infection
Control Practices and Adherence to National Airborne Infection Control Guidelines: A Study from Kerala,Southern India. Indian J
Community Med.;44:S23-S26.

Raj, J. R. M,, Vittal, R., Shivakumaraswamy, S. K., Deekshit, V. K., Chakraborty, A., & Karunasagar, I. (2019). Presence & mobility of
antimicrobial resistance in Gram-negative bacteria from environmental samples in coastal Karnataka, India. The Indian journal
of medical research, 149(2), 290.

Rajagopal, R., & Mini, M. (2013). Outbreaks of salmonellosis in three different poultry farms of Kerala, India. Asian Pacific journal of
tropical biomedicine, 3(6), 496-500.

Rajan, V., Sivaraman, G.K., Vijayan, A., Elangovan, R., Prendiville, A. and Bachmann, T.T., (2021). Genotypes and phenotypes of
methicillin-resistant staphylococci isolated from shrimp aquaculture farms. Environmental microbiology reports.

Ralte, R., Kumar, V., Wani, M. Y., Randhawa, S. N. S., Malik, A., & Kaur, N. (2019). Antimicrobial resistance profile of livestock and poultry
of North-western Punjab. Int. J. Curr. Microbiol. Appl. Sci, 8(10), 1250-1259.

Ramakrishnan, B., Venkateswarlu, K., Sethunathan, N., & Megharaj, M. (2019). Local applications but global implications: Can pesticides
drive microorganisms to develop antimicrobial resistance?. Science of the Total Environment, 654, 177-189.

Ramesh, D. and Souissi, S., (2018). Antibiotic resistance and virulence traits of bacterial pathogens from infected freshwater fish,
Labeo rohita. Microbial pathogenesis, 116, pp.113-119.

Ranjalkar, J., & Chandy, S. J. (2019). India’s National Action Plan for antimicrobial resistance—An overview of the context, status, and
way ahead. Journal of family medicine and primary care, 8(6), 1828-1834. doi: 10.4103/jfmpc.jfmpc_275_19

Rathore, G., Lal, K. K., Bhatia, R., Jena, J. K., 2020. INFAAR-A Research Platform for Accelerating Laboratory-Based Surveillance of
Antimicrobial Resistance in Fisheries and Aquaculture in India. Current Science, 119(12), pp. 1884-1885.

Reddy EM, Yasobant S (2015). Musculoskeletal disorders among municipal solid waste workers in India: A cross-sectional risk
assessment. J Family Med Prim Care, 4(4):519-524.

Rehman, M. U., Rashid, M., Sheikh, J. A., & Bhat, M. A. (2014). Molecular epidemiology and antibiotic resistance pattern of
enteropathogenic Escherichia coli isolated from bovines and their handlers in Jammu, India. Journal of Advanced Veterinary and
Animal Research, 1(4), 177-181.

Revised List of Antibiotics and Veterinary Drugs in India. USDA Foreign agricultural Agency.(https://apps.fas.usda.gov/newgainapi/
api/report/downloadreportbyfilename?filename=Revised%20List%200f%20Antibiotics%20and%20Veterinary%20Drugs_New %20
Delhi_India_4-5-2019.pdf) accessed on 02.10.2021.

Rohilla, R., Gupta, P. K., Narula, H., Sharma, A. K., Mehta, V., Rao, S., ... & Gupta, P. (2021). Assessment of cognitive and psychomotor
domains regarding biomedical waste management and hand hygiene among various categories of health-care professionals at
a tertiary care center in northern India. Journal of Education and Health Promotion, 10(1), 186.

Roy S, Nagarchi L, Das I, Mangalam Achuthananthan J, Krishnamurthy S.(2015) Cytotoxicity,Genotoxicity, and Phytotoxicity of Tannery
Effluent Discharged into Palar River Basin, Tamil Nadu, India. J Toxicol.;(3);19-26.

Rudraswamy S, Sampath N, Doggalli N.(2012) Staff’s attitude regarding hospital waste management in the dental college hospitals of
Bangalore city, India. Indian J Occup Environ Med.;16(2):75-78.

Rutgersson, C., Fick, J., Marathe, N., Kristiansson, E., Janzon, A., Angelin, M., & Larsson, D. J. (2014). Fluoroquinolones and gnr genes
in sediment, water, soil, and human fecal flora in an environment polluted by manufacturing discharges. Environmental science
& technology, 48(14), 7825-7832.

Saha A, Bhattacharjya H. (2019) Health-Care Waste Management in Public Secto Tripura, North-East India: An Observational Study.
Indian J Community Med.;44(4):368-372.

Saharan, V. V., Verma, P, & Singh, A. P. (2019a). Escherichia coli, Salmonella spp., and Staphylococcus aureus susceptibility to
antimicrobials of human and veterinary importance in poultry sector of India. Journal of Food Safety, 40(1), e12742.

Saharan, V. V., Verma, P., & Singh, A. P. (2019b). High prevalence of antimicrobial resistance in Escherichia coli, Salmonella spp. and
Staphylococcus aureus isolated from fish samples in India. Aquaculture Research, 51(3), 1200-1210.

Saharan, V. V., Verma, P,, & Singh, A. P. (2020). High prevalence of antimicrobial resistance in Escherichia coli, Salmonella spp. and
Staphylococcus aureus isolated from fish samples in India. Aquaculture Research, 51(3), 1200-1210.

Sahni, A., Bahl, A., Martolia, R., Jain, S. K., & Singh, S. K. (2020). Implementation of antimicrobial stewardship activities in India. Indian
Journal of Medical Specialities, 11(1), 5-9. Doi.org/10.4103/INJMS.INJMS_118_19

Sahoo K.C., Tamhankar A.J., Johansson E, Lundborg C.S., (2010). Antibiotic use, resistance development and environmental factors: a
qualitative study among healthcare professionals in Orissa, India. BMC Public Health.;10:629.

Sahoo KC, Tamhankar AJ, Johansson E, Stalsby Lundborg C (2014). Community perceptions of infectious diseases, antibiotic use and
antibiotic resistance in context of environmental changes: a study in Odisha, India. Health Expect.;17(5):651-663

Sahoo, K. C., Tamhankar, A. J., Sahoo, S., Sahu, P. S, Klintz, S. R., & Lundborg, C. S. (2012). Geographical variation in antibiotic-resistant
Escherichia coli isolates from stool, cow-dung and drinking water. International journal of environmental research and public
health, 9(3), 746-759.

Sahu, R., & Saxena, P. (2014). Antibiotics in chicken meat. Centre for Science and Environment.




ENVIRONMENTAL DIMENSION OF AMR

Said S, Khan SA. (2021) Remote sensing-based water quality index estimation using data- driven approaches: a case study of the Kali
River in Uttar Pradesh, India Environ Dev Sustain.33;1-26.

Sakeena, M. H. F,, Bennett, A. A., & McLachlan, A. J. (2018). Enhancing pharmacists’ role in developing countries to overcome the
challenge of antimicrobial resistance: a narrative review. Antimicrobial Resistance & Infection Control, 7(1), 1-11.

Samanta, ., Joardar, S. N., Das, P. K., Sar, T. K., Bandyopadhyay, S., Dutta, T. K., & Sarkar, U. (2014). Prevalence and antibiotic resistance
profiles of Salmonella serotypes isolated from backyard poultry flocks in West Bengal, India. Journal of Applied Poultry Research,
23(3), 536-545.

Samanta, I., Joardar, S. N., Mahanti, A., Bandyopadhyay, S., Sar, T. K., & Dutta, T. K. (2015). Approaches to characterize extended
spectrum beta-lactamase/beta-lactamase producing Escherichia coli in healthy organized vis-a-vis backyard farmed pigs in
India. Infection, Genetics and Evolution, 36, 224-230.

Sarotra P, Medhi B, Kaushal V, Kanwar V, Gupta Y, Gupta AK (2016). Health care professional training in biomedical waste management
at a tertiary care hospital in India. J Biomed Res. 2016;30(2):168-170.

Sebastian, S., Tom, A. A, Babu, J. A., & Joshy, M. (2021). Antibiotic resistance in Escherichia coli isolates from poultry environment
and UTI patients in Kerala, India: A comparison study. Comparative immunology, microbiology and infectious diseases, 75,101614.

Senthamilselvan, B. (2020). Antimicrobial resistance profile of bacterial isolates from fecal and cloacalswab samples collected from
broiler chickens in Chennai, Southern India. Annals of the Romanian Society for Cell Biology, 892-898.

Shanthini T, Manohar P, Samna S, et al.( 2019) Emergence of plasmid-borne bla___,, gene in Ochrobactrum intermedium: first report
from India. Access Microbiol; 1(3):24.

Sharma, J., Kumar, D., Hussain, S., Pathak, A., Shukla, M., Kumar, V. P, ... & Singh, S. P. (2019). Prevalence, antimicrobial resistance and
virulence genes characterization of nontyphoidal Salmonella isolated from retail chicken meat shops in Northern India. Food
Control, 102, 104-111.

Sharma, S., Sharma, V., Dahiya, D. K., Khan, A., Mathur, M., & Sharma, A. (2017). Prevalence, virulence potential, and antibiotic
susceptibility profile of Listeria monocytogenes isolated from bovine raw milk samples obtained from Rajasthan, India. Foodborne
pathogens and disease, 14(3), 132-140

Shrivastay, A., Sharma, R. K., Sahni, Y. P,, Shrivastav, N., Gautam, V., & Jain, S. (2016). Study of antimicrobial resistance due to extended
spectrum beta-lactamase-producing Escherichia coli in healthy broilers of Jabalpur. Veterinary world, 9(11), 1259.

Siddiqui MT, Mondal AH, Gogry FA, Husain FM, Alsalme A, Haq (2020). QMR. Plasmid- Mediated Ampicillin, Quinolone, and Heavy
Metal Co-Resistance among ESBL- Producing Isolates from the Yamuna River, New Delhi, India. Antibiotics (Basel). 9(11):826.

Silvester, R., Alexander, D. and Ammanamveetil, M.H.A., (2015). Prevalence, antibiotic resistance, virulence and plasmid profiles of
Vibrio parahaemolyticus from a tropical estuary and adjoining traditional prawn farm along the southwest coast of India. Annals
of microbiology, 65(4), pp.2141-2149.

Singh M, Sharma R, Gupta PK, Rana JK, Sharma M, Taneja N.(2012) Comparative efficacy evaluation of disinfectants routinely used in
hospital practice: India. Indian J Crit Care Med.16(3):123-129.

Singh NS, Singhal N, Kumar M, Virdi JS.(2021) High Prevalence of Drug Resistance and Class 1 Integrons in Escherichia coli Isolated
From River Yamuna, India: A Serious Public Health Risk. Front Microbiol.;12:621-64.

Singh S, Dhillon BS, Nityanand, Shrivastava AK, Kumar B, Bhattacharya S. (2020) Effectiveness of a training program about bio-medical
waste management on the knowledge and practices of health-care professionals at a tertiary care teaching institute of North
India. J Educ Health Promot.;9:127.

Singh, B., Tyagi, A., Billekallu Thammegowda, N.K. and Ansal, M.D., (2018). Prevalence and antimicrobial resistance of vibrios of human
health significance in inland saline aquaculture areas. Aquaculture Research, 49(6), pp.2166-2174.

Singh, R., Yadav, A. S., Tripathi, V., & Singh, R. P. (2013). Antimicrobial resistance profile of Salmonella present in poultry and poultry
environment in north India. Food Control, 33(2), 545-548.

Singhal, L., Tuli, A. K., & Gautam, V. (2017). Biomedical Waste Management Guidelines 2016: What's done and what needs to be done.
Indian journal of medical microbiology, 35(2), 194-198.

Sivagami, K., Vignesh, V. J., Srinivasan, R., Divyapriya, G., & Nambi, I. M. (2020). Antibiotic usage, residues and resistance genes from
food animals to human and environment: An Indian scenario. Journal of Environmental Chemical Engineering, 8(1), 102221.
Sivalingam P, Poté J, Prabakar K.(2019) Environmental Prevalence of Carbapenem 0 Resistance Enterobacteriaceae (CRE) in a

Tropical Ecosystem in India: Human Health Perspectives and Future Directives. Pathogens.;8(4):174.

Sivaraman, G.K., Sudha, S., Muneeb, K.H., Shome, B., Holmes, M. and Cole, J., 2020. Molecular assessment of antimicrobial resistance
and virulence in multi drug resistant ESBL-producing Escherichia coli and Klebsiella pneumoniae from food fishes, Assam, India.
Microbial Pathogenesis, 149, p.104581.

Skariyachan, S., Mahajanakatti, A. B., Grandhi, N. J., Prasanna, A, Sen, B., Sharma, N., ... & Narayanappa, R. (2015). Environmental
monitoring of bacterial contamination and antibiotic resistance patterns of the fecal coliforms isolated from Cauvery River, a
major drinking water source in Karnataka, India. Environmental monitoring and assessment, 187(5), 1-13.

Sony, M., Sumithra, T.G., Anusree, V.N., Amala, P.V., Reshma, K.J., Alex, S. and Sanil, N.K., 2021. Antimicrobial resistance and virulence
characteristics of Vibrio vulnificus, Vibrio parahaemolyticus and Vibrio harveyi from natural disease outbreaks of marine/
estuarine fishes. Aquaculture, 539, p.736608.

Srivastava V, Gupta S, Patel AK, Joshi M, Kumar M. (2021) Reflections of COVID-19 cases in the wastewater loading of SARS-CoV-2
RNA: A case of three major cities of Gujarat, India. Case Studies in Chemical and Environmental Engineering; 4:100115.

Srivastava, R. K. (2011). National Policy for Containment of Antimicrobial Resistance India. Ministry of Health & Family Welfare, New
Delhi.

oxa-18



ENVIRONMENTAL DIMENSION OF AMR

Stalin, N. and Srinivasan, P., (2016). Molecular characterization of antibiotic resistant Vibrio harveyi isolated from shrimp aquaculture
environment in the south east coast of India. Microbial pathogenesis, 97, pp.110-118.

Sudershan, R. V., Naveen Kumar, R., Kashinath, L., Bhaskar, V., & Polasa, K. (2012). Microbiological hazard identification and exposure
assessment of poultry products sold in various localities of Hyderabad, India. The Scientific World Journal, 2012

Sudha, S., Mridula, C., Silvester, R. and Hatha, A.A.M., 2014. Prevalence and antibiotic resistance of pathogenic Vibrios in shellfishes
from Cochin market.

Sudhanthirakodi, S. (2016). Non-typhoidal Salmonella isolates from livestock and food samples, in and around Kolkata, India. Journal
of Microbiology and Infectious Diseases, 6(3), 113-120.

Suman Kumar, M., Ramees, T. P, Dhanze, H., Gupta, S., Dubal, Z. B., & Kumar, A. (2021). Occurrence and antimicrobial resistance of
Campylobacter isolates from broiler chicken and slaughter house environment in India. Animal Biotechnology, 1-9.

Swapna, K.M., Rajesh, R. and Lakshmanan, P.T., 2012. Incidence of antibiotic residues in farmed shrimps from the southern states of
India.

Swedish National Agency for Public Procurement (2019): 21 (1); 1-7.

Sykehusinnkjop, H.F. (2019). New environmental criteria for the procurement of pharmaceuticals. Journal of Env Policy and Planning,
26(5), 501-509.

Tahrani, L., Soufi, L., Mehri, I., Najjari, A., Hassan, A., Van Loco, J., ... & Mansour, H. B. (2015). Isolation and characterization of antibiotic-
resistant bacteria from pharmaceutical industrial wastewaters. Microbial pathogenesis, 89, 54-61

Taneja, N., & Sharma, M. (2019). Antimicrobial resistance in the environment: The Indian scenario. The Indian journal of medical
research, 149(2), 119.

Tangcharoensathien, V., Chanvatik, S., & Sommanustweechai, A. (2018). Complex determinants of inappropriate use of antibiotics.
Bulletin of the World Health Organization, 96(2), 141-144. doi: 10.2471/BLT.17.199687

Taylor, P., & Reeder, R. (2020). Antibiotic use on crops in low and middle-income countries based on recommendations made by
agricultural advisors. CABI Agriculture and Bioscience, 1(1), 1-14.

Tewari, R., Mitra, S., Ganaie, F.,, Das, S., Chakraborty, A., Venugopal, N., ... & Shome, B. R. (2019). Dissemination and characterisation
of Escherichia coli producing extended-spectrum B-lactamases, AmpC B-lactamases and metallo-B-lactamases from livestock
and poultry in Northeast India: A molecular surveillance approach. Journal of global antimicrobial resistance, 17, 209-215.

Thaker, H. C., Brahmbhatt, M. N., & Nayak, J. B. (2012). Study on occurrence and antibiogram pattern of Escherichia coli from raw milk
samples in Anand, Gujarat, India. Veterinary World, 5(9), 556.

Thamaraiselvan, S., Prasanth, M., Sagadevan, S., Rajendran, S., Bozdogan, B., Manian, R., & Nachimuthu, R. (2019). Emergence of
plasmid-borne blaoxa-181 gene in Ochrobactrum intermedium: first report from India. Access Microbiology, 1(3).

The Center For Disease Dynamics Economics & Policy (November 2017). Scoping Report on Antimicrobial Resistance In India.

The Insecticide Act 1968. 46 (Ind.). https://legislative.gov.in/sites/default/files/A1968-46.pdf

TheEnvironmentalProtectionAct,1986.29 (Ind.). https://www.indiacode.nic.in/bitstream/123456789/4316/1/ep_act 1986.pdf

Thulasiraman Parkunan, M. A., Sukumar, B., Chera, J. S., Ramadas, S., Chandrasekhar, B., Kumar, S. A,, ... & De, S. (2019). Antibiotic
resistance: A cross-sectional study on knowledge, attitude, and practices among veterinarians of Haryana state in India.
Veterinary world, 12(2), 258.

Tiwari S, Dhole TN. (2018) Assessment of enteroviruses from sewage water and clinical samples during eradication phase of polio in
North India. Virol J.;15(1):157.

Tseng KK, Joshi J, Shrivastava S, Klein E.(2020) Estimating the cost of interventions to improve water, sanitation and hygiene in
healthcare facilities across India. BMJ Glob Health. ;5(12):e003045.

Uchil, R. R., Kohli, G. S., KateKhaye, V. M., & Swami, O. C. (2014). Strategies to combat antimicrobial resistance. Journal of clinical and
diagnostic research: JCDR, 8(7), MEO1.

Upadhyay S, Joshi SR. (2015) TEM mediated extended spectrum cephalosporin resistance in clinical & environmental isolates of Gram
negative bacilli: A report from northeast India. Indian J Med Res,142(5):614-617.

Veeraraghavan B, Walia K. (2019). Antimicrobial susceptibility profile & resistance mechanisms of Global Antimicrobial Resistance
Surveillance System (GLASS) priority pathogens from India [published correction appears in Indian J Med Res. Mar;149(3):432-
34. Indian J Med Res.;149(2):87-96.

Verma, H., Rawat, S., Sharma, N., Jaiswal, V., Singh, R., & Harshit, V. (2018). Prevalence, bacterial etiology and antibiotic susceptibility
pattern of bovine mastitis in Meerut. J Entomol Zool Stud, 6(1), 706-709.

Vijayan, K. K., (2016). Proceedings of the workshop on “Responsible Use of Antimicrobials in Indian Aquaculture: Opportunities and
Challenges”[Proceedindgs]. ICAR - Central Institute of Brackishwater Aquaculture, Chennai, Tamil Nadu.

Visnuvinayagam, S., Joseph, T.C., Murugadas, V., Chakrabarti, R. and Lalitha, K.V., 2015. Status on methicillin resistant and multiple
drug resistant Staphylococcus aureus in fishes of Cochin and Mumbai coast, India. Journal of Environmental Biology, 36(3), p.571.

Viswanathan, R., Singh, A. K., Mukherjee, S., Mukherjee, R., Das, P., & Basu, S. (2011). Aetiology and antimicrobial resistance of neonatal
sepsis at a tertiary care centre in eastern India: a 3 year study. The Indian Journal of Pediatrics, 78(4), 409-412.

Waghamare, R. N., Paturkar, A. M., Vaidya, V. M., Zende, R. J., Dubal, Z. N., Dwivedi, A., & Gaikwad, R. V. (2018). Phenotypic and genotypic
drug resistance profile of Salmonella serovars isolated from poultry farm and processing units located in and around Mumbai
city, India. Veterinary world, 11(12), 1682.

Walia, K., Madhumathi, J., Veeraraghavan, B., Chakrabarti, A., Kapil, A., Ray, P., ... & Ohri, V. C. (2019). Establishing antimicrobial
resistance surveillance & research network in India: journey so far. The Indian journal of medical research, 149(2), 164.

Wistrand-Yuen, E., Knopp, M., Hjort, K., Koskiniemi, S., Berg, O. G., & Andersson, D. I. (2018). Evolution of high-level resistance during




ENVIRONMENTAL DIMENSION OF AMR

low-level antibiotic exposure. Nature communications, 9(1), 1-12.

Williams, M., Kookana, R. S., Mehta, A., Yadayv, S. K., Tailor, B. L., & Maheshwari, B. (2019). Emerging contaminants in a river receiving
untreated wastewater from an Indian urban centre. Science of the Total Environment, 647, 1256-1265.

World Bank. “Improved Sanitation Facilities (% of Population with Access),” 2017. http:// data.worldbank.org/indicator/SH.STA. ACSN
end 2015 & locations IN & start 2015 & view map. Accessed on August 31, 2017.

World Health Organization (WHO) (2018). Antimicrobial resistance on primary health care.

World Health Organization (WHO) (April 2019). Follow- up to the high- level meetings of the United Nations General Assembly (UNGA)
on health related issues.

World Health Organization (WHO) (November 2016). Antimicrobial resistance and its containment in India.

World Organisation For Animal Health (OIE) (2020). O/E Standards, Guidelines and Resolutions on Antimicrobial Resistance and the use
of antimicrobial agents. ISBN 978-92-95115-06-4. www.oie.int

Yadav B, Johri AK, Dua M. (2019) Metagenomic Analysis of the Microbial Diversity in Solid Waste from Okhla Landfill, New Delhi, India.
Microbiol Resour Announc. ;9(46):¢00921-20.

Ying, G. G., He, L. Y., Ying, A. J., Zhang, Q. Q., Liy, Y. S, & Zhao, J. L. (2017). China must reduce its antibiotic use. Environmental Science
& Technology. 51(3), 1072-1073. doi.org/10.1021/acs.est.6b06424

Zehra, A, Gulzar, M., Singh, R, Kaur, S., & Gill, J. P. S. (2019). Prevalence, multidrug resistance and molecular typing of methicillin-
resistant Staphylococcus aureus (MRSA) in retail meat from Punjab, India. Journal of global antimicrobial resistance, 16, 152-158.




ENVIRONMENTAL DIMENSION OF AMR

ANNEXURE

Notable Research Institutes working on the Environmental aspects of AMR in India

Sl. Institute Location Research domain
IIT, Hyderabad Hyderabad, Telangana | Biomedical waste, pharma effluents
2. | Manipal Academy of Higher Manipal, Karnataka Biomedical waste, pharma effluents
Education
3. | Swami Rama Himalayan University Dehradun, Pharma effluents, groundwater
Uttarakhand
4. | Manipal University Manipal, Karnataka Pharma effluents. groundwater, biomedical waste
IIT, Delhi New Delhi Pharma effluents. groundwater, biomedical waste, riverine
environment
6. | Dr. NGP Arts and Science College Coimbatore, Tamil Pharma effluents. Groundwater
Nadu
7. | Jamia Milia Islamia, New Delhi New Delhi Pharma effluents.groundwater, riverine environment
IIT, Gandhinagar Gandhinagar, Gujrat Pharma effluents. groundwater, waste water effluent,
influents and effluents from Sewage Treatment Plant
9. | Department of Pharmacology, New Delhi Pharma effluents, biomedical waste
Vallabbhai Patel Chest Institute
10. | Cochin University of Science and Kochi, Kerala Pharma effluents. Groundwater aquaculture environment,
Technology riverine sediment
11. | Jagannath Gupta Institute of Udaipur, Rajasthan Pharma effluents, groundwater, aquatic environment,
Engineering & Technology riverine sediment
12. | The foundation for Medical Research | Pune, Maharashtra Biomedical waste, pharma effluents
13 | Amity University New Delhi, Uttar Pharma effluents. groundwater, aquatic environment,
Pradesh riverine sediment, effluent water and household sewage
14 | IIEST, Shibpur West Bengal Groundwater, aquatic environment
15. | National Environmental Engineering | Nagpur, Maharashtra | Groundwater, aquatic environment
Research Institute (CSIR-NEERI)
16. | Alagappa University Tamil Nadu Aquaculture environment, river basin area
17. | Guru Angad Dev Veterinary and Punjab Aquaculture environment
Animal Sciences University
18. | ICAR-Central Institute of Fisheries Kerala Aquaculture environment
Technology
19. | ICAR-Indian Veterinary Research Uttar Pradesh Slaughterhouse environment
Institute (ICAR-IVRI)
20. | Indian Council of Agricultural New Delhi Slaughterhouse environment
Research
21. | Central Avian Research Institute Izatnagar, UP Poultry environment
22. | M. J. P. Rohilkhand University Bareilly, UP Poultry environment
23. | Salim Ali Centre for Ornithology and | Coimbatore, Tamil Poultry environment
Natural History Nadu
24. | College of Veterinary and Animal Kerala, India Slaughterhouse environment
Sciences
25. | National Institute of Tuberculosis New Delhi Biomedical waste, pharma effluents
and Respiratory Diseases
26. | National Institute of Biomedical Kalyani, West Bengal Pharma effluents, groundwater aquatic environment, riverine
Genomics sediment
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27. | ICMR National Institute of Cholera Kolkata, West Bengal | Potable water
and Enteric Diseases
28. | Government Medical College Chandigarh Biomedical waste
Hospital
29. | Post-Graduate Institute of Medical Chandigarh Groundwater, biomedical waste
Education and Research
30. | R.D. Gardi Medical College Ujjain, Madhya Pharma effluents. groundwater, biomedical waste, riverine
Pradesh environment
31. | Agartala Government Medical Agartala, Tripura Biomedical waste
College
32. | Pt Ravishankar Shukla University Raipur, Chhattisgarh Biomedical waste
33. | AlIMS, Rishikesh Rishikesh, Biomedical waste
Uttarakhand
34. | J.S.S University Mysuru, Karnataka Biomedical waste
35. | King George's Medical University Lucknow, Uttar Biomedical waste
Pradesh
36. | Postgraduate Institute of Medical Bengaluru Biomedical waste
Sciences and Research
37. | Yenepoya Medical College Mangalore, Karnataka | Biomedical waste
38. | University of Delhi New Delhi Biomedical waste
39. | NEHU, Meghalaya Shillong, Meghalaya Biomedical waste
40. | Maulana Azad Medical College New Delhi Biomedical waste
41. | Indian Statistical Institute, North Assam Groundwater, biomedical waste
East Centre
42. | Jawaharlal Nehru University New Delhi Biomedical waste, riverine water
43. | Kongu Engineering College, Tamil Nadu. Pharma effluents. groundwater, biomedical waste
44. | Aligarh Muslim University Aligarh Ground water, riverine environment, agricultural soil
45. | University of Madras Chennai Riverine environment, waste water from Sewage Treatment
Plant
46. | University of Patna Patna Riverine environment, waste water from Sewage Treatment
Plant
47. | University of Calcutta Kolkata Riverine sediment
48. | CSIR-National Chemical Laboratory | Pune Surface water
(NCL)
49. | NGM college Tamil Nadu River Basin area
50. | Academy of Scientific and Innovative | Ghaziabad Surface water
Research
51. | Jamal Mohamed College Tamil Nadu Riverine environment
52. | Pune University Pune Riverine environment
53. | Defence Research Laboratory Assam Riverine environment
54. | DRDO New Delhi Riverine environment
55. | SriKrishnadevaraya University Hyderabad Plant agriculture
56. | Savitribai Phule Pune University Pune Riverine sediment
57. | Sikkim Manipal University Sikkim Springs, Surface water
58. | Banaras Hindu University Varanasi Riverine sediment
59. | National Centre for Cell Science Pune Sediment, river, soil
60. | Dayananda Sagar Institutions Karnataka Riverine environment
61. | Bharathidasan University Tamil Nadu Riverine sediment
62. | Gurucharan College Assam Agricultural soil
63. | Punjab Agricultural University Ludhiana Agricultural soil
64. | Deenbandhu Chhotu Ram University | Haryana Agricultural soil
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