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Executive summary

Background

The relentless march of antimicrobial resistance (AMR) has emerged as a public health
concern, especially in the light of the fact that newer antibiotic classes have been slow to
develop and investments in novel antimicrobial drug classes have been receding. The AMR
problem transcends international borders and is not limited to nations with limited capacity to
manage pathogen emergence or antibiotic stewardship. In keeping with this, the Sixty-eighth
World Health Assembly (WHA) came up with the Global Action Plan to contain AMR (GAP-
AMR) in May 2015. The plan outlined activities to be streamlined along five major strategic

objectives:

1. Improve awareness and understanding of AMR through effective communication,
education and training

2. Strengthen the knowledge and evidence base through surveillance and research

3. Reduce the incidence of infection through effective sanitation, hygiene and infection
prevention measures

4. Optimize the use of antimicrobial medicines in human and animal health
Develop the economic case for sustainable investment that takes account of the needs
of all countries and to increase investment in new medicines, diagnostic tools, vaccines

and other interventions.

Aligning national interests with the global context, member states have been tasked to develop
a National Action Plan to contain AMR (NAP-AMR), aligned with the GAP-AMR, by May
2017. This report discusses the magnitude of the AMR issue in India, focussing on providing

evidence to assist in the framing of the NAP-AMR.

AMR in man and animals

India is among the nations with the highest burden of bacterial infections. An estimated

410 000 children aged 5 years or less die from pneumonia in India annually; accounting for



almost 25% of all child deaths in India. The crude mortality from infectious diseases in India
today is 417 per 100 000 persons. Consequently, the impact of AMR is likely to be higher in the
Indian setting. AMR is a major public health concern in India. The emergence of resistance is
not limited to the older and more frequently used classes of drugs. There has also been a rapid
increase in resistance to the newer and more expensive drugs, like carbapenems. Available data
indicates rising rates of AMR across multiple pathogens of clinical importance. An indicator of
the rising tide of AMR in India is the rapidly increasing proportion of isolates of Staphylococcus
aureus that are resistant to methicillin. In 2008, about 29% of isolates were of methicillin-
resistant Staphylococcus aureus (MRSA), and by 2014, this had risen to 47%. In contrast, countries
that have established effective antibiotic stewardship and/or infection prevention and control

programmes, the proportion of MRSA isolates has been decreasing.

The burden of AMR in livestock and food animals has been poorly documented in India. Aside
from sporadic, small, localized studies, evidence that can be extrapolated to the national level is
lacking. Given that there are few regulations against the use of antibiotics for non-therapeutic
purposes in India, with no stringent implementation protocols even when there are regulations,
the emergence of AMR from antibiotic overuse in the animal sector is likely to be an

unmeasured burden in India.

Drug resistant bacteria have been isolated from dairy cattle as early as the 1970s. One of the
most common clinical issues encountered in dairy farms is mastitis, which maybe sub-clinical
or overtly symptomatic. Commonly thought to be a disease of production, milk from mastitic
cows and buffaloes has been shown to contain a wide range of bacteria, with a wide spectrum
of resistance against commonly used antibiotics. In some cases, multi-drug resistant bacteria

have been seen to co-infect animals suffering from mastitis.

As with the dairy sector, there is limited evidence available on the exact amount of antibiotics
consumed within the poultry industry, and the various indications for which the medications
were prescribed. In many cases, since the antibiotics are given as a growth promoter through
the premixed feed, which comes with added antibiotics, it is difficult to estimate exactly the
dose or the consumption levels of antibiotics in the poultry sector. Individual studies have

consistently shown that bacteria isolated from animals or seafood has high levels of resistance.

The legislative conditions regulating the aquaculture processes are different from those in the

poultry or the dairy industry. The Food Safety and Standards Authority of India (FSSAT) has



placed an extensive ban on the use of antibiotics and several pharmacologically active
substances in fisheries. Also, in contrast to the poultry industry where many of the
commercially available pre-mixed feeds come with antibiotics added, none of the feed in the
fisheries sector contain antibiotics. These drugs can, of course, be added to the feeds separately
by the farmers. Compared to the poultry and dairy sector, antibiotic resistance has been
scrutinized more closely in the aquaculture sector. Due to the existence of stringent legislative
provisions to contain the inappropriate and non-therapeutic use of antibiotics, it is expected
that the problem of AMR in the aquaculture sector should be smaller compared to the dairy or
poultry sectors. However, in a recent study that examined over 250 samples, it was seen that

multi-drug resistant bacteria were isolated from over two-thirds of the samples.

There exists a large body of evidence that comprises of studies investigating the resistance
profiles of bacteria isolated from both sick and healthy cattle. However, these studies cannot be
compiled to obtain a representative picture of the problem at the national level. Driven by local
contexts, these studies can at best provide a rough overview of the magnitude of the problem of
drug resistance in bacteria, but for obtaining a more comprehensive and holistic understanding,

it is imperative to have a broad based surveillance system in place.

Awareness and understanding of AMR

The GAP-AMR states that the first strategic objective in effectively containing AMR is to
improve awareness and understanding of AMR through effective communication, education
and training (I). The strategy envisions that the awareness building has to proceed on several
fronts at the same time. On one hand it has to leverage public communication programmes to
encourage behaviour change in target populations, namely, stakeholders in human health,
animal health and agriculture; and on the other, there needs to be concerted efforts to
incorporate AMR as a core component in the professional education of medical and veterinary

professionals.

The need to focus on awareness building, both in consumers and providers, was highlighted by
the results of the multi-country public awareness survey that was conducted by the World
Health Organization (WHO). The findings of the study highlight important deficits in the

understanding of what antibiotics are, how they should be used and when to take them. There



is ample evidence to suggest that there is a certain “pull” from patients which forces medical
practitioners to overprescribe antibiotics, especially for conditions like viral illnesses, upper
respiratory tract infections and diarrhoea, for which antibiotic therapies are not the

recommended first line of approach.

Given the financial incentives to prescribe antibiotics, and the role of the pharmaceutical
industry in encouraging prescription of antibiotics in India, there is a need to approach the
process of awareness generation with additional legislative support. Internationally, there is
evidence that awareness generation campaigns, in combination with other interventions,

organized at the national level may be successful to reduce antibiotic use.

There is also a need to increase the awareness about the need to contain AMR at the higher
levels of policy making, so that this aspect may emerge as a priority in the health policies of the
nation. In 2011, the health ministers of the South-East Asia Region’s Member States articulated
their commitment to combat AMR through the Jaipur Declaration. This was a high-level
commitment to prioritize AMR control programmes at the highest levels of national policy-

making.

Surveillance of AMR

India has previously instituted surveillance of the emergence of drug resistance in disease
causing microbes in the context of vertical programmes, like the Revised National Tuberculosis
Control Programme, the National Vector Borne Disease Control Programme, and the National
AIDS Control Programme, to name a few. However, a cross-cutting programme dealing with

resistance across multiple microbes, especially common bacterial infections, has been lacking.

The National Programme on the Containment of Antimicrobial Resistance was launched under
the aegis of the National Centre for Disease Control (NCDC) under the Twelfth Five-Year Plan
(2012-2017). The objectives of this programme were to - establish a laboratory based AMR
surveillance system of 30 network laboratories; generate quality data on AMR for pathogens of
public health importance; strengthen infection control guidelines and practices, and promote
rational use of antibiotics; and generate awareness about the use of antibiotics in both health

care providers and in the community (2). The policy focus included - situation analysis



regarding the manufacture, use and misuse of antimicrobials; creating a national surveillance
system,; identifying prescription patterns and establishing a monitoring system for the same;
enforcing enhanced regulatory provisions with respect to marketing of antimicrobials;
developing specific intervention measures such as antibiotic policies for health care facilities;

and development of diagnostic aids related to monitoring AMR.

At present, 10 network laboratories have been identified in the first phase of the programme, in
the course of which four pathogens of public health importance are being tracked: Klebsiclla spp,
E. coli, Staphylococcus aureus, and Enterococcus spp. The network intends to extend testing of
resistance to two more index bacteria: Pseudomonas aeruginosa and Acinetobacter spp. Reporting
from the 10 laboratories puts overall resistance rates to be very high, against the commonly used
fluoroquinolones, third generation cephalosporins and carbapenems, although resistance
against reserve drugs like vancomycin was not noted in isolates of Staphylococcus aureus, or
against colistin in Gram negative bacteria. A strategy to scale up the programme in order to
carry out surveillance of hospital acquired infections and antibiotic use patterns in health care
settings has also been outlined; additional focus on building awareness about rational use of

drugs on a continuous basis is also being planned.

The Indian Council of Medical Research (ICMR) has established a national network on
surveillance of AMR in laboratories based at academic centres, targeting medically important
index microbes which have been identified by WHO (3). The Antimicrobial Resistance
Surveillance Research Network (AMRSN) established by the ICMR has six reference labs for
six pathogenic groups that are located in four tertiary care medical institutions. The network is
being expanded to include 15 more medical colleges/corporate hospitals. ICMR has also
developed a real time online AMR data entry system for its network and will have AMR data
analysis capacity specific for bacterial species in relation to point of origin of pathogens as well

as various patient demographic parameters.

The AMRSN also incorporates in depth understanding of clonality of drug-resistant pathogens
and the transmission dynamics to enable better understanding of AMR in the Indian context
and devise suitable interventions. The AMRSN, although currently limited to human health,
plans to scale up on a national scale and expand its ambit to include samples from a wider

spectrum of sources, including animal, environmental and food samples, to reflect the One



Health approach to surveillance. It is planned to expand the laboratory network to include 10

centres.

Like most low- and middle-income countries, India is in the process of developing a national
surveillance network. In addition, the move to establish a NAP-AMR aligned with the
principles outlined in the GAP-AMR will serve to streamline the process and ensure that a One

Health approach to surveillance is adopted.

Aside from the absence of a One Health approach to surveillance, another weakness of the
existing surveillance systems for AMR in India is that it does not account for antibiotic use.
The existence of a surveillance system that can establish the relationship between the
antibiotic consumption patterns and emergence of AMR is vital to produce evidence that may

help in the designing and evaluation of effective interventions.

Infection prevention and control

The background report on the role of infection prevention and control (IPC) programmes in
order to contain AMR, which was commissioned by WHO, has highlighted the critical nature
of this issue. Functional infection control programmes not only cut down the rates of
nosocomial infections, but also reduce the volume of antibiotic consumption and have been

identified to be part of any comprehensive strategy to contain AMR.

An international conference on “Combating AMR: Public Health Challenge and Priority”,
which was organized in February 2016, in New Delhi, by the Ministry of Health and Family
Welfare (MoHFW) in collaboration with WHO, released the ICMR Guidelines on Infection
Control, which are locally relevant and implementable for India. The international conference
further identified the need to develop IPC standards for each level of health care facility, and
not just tertiary care centres. It noted the need to establish functional hospital infection control
committees (HICCs) to provide leadership to the IPC programmes at the institutional level.
The need to integrate IPC programmes, both from the policy-making and implementation
angles, was also stressed. Establishing IPC focal experts at the policy-making levels, linking of
IPC programmes to surveillance of AMR and HAIs were identified as key policy integrations to

drive more successful IPC programmes in India. NCDC has recently developed Guidelines for



Hospital Infection Prevention and Control and is also developing a policy on infection control,

which is in the final phases of preparation.

ICMR launched the programme on Antimicrobial Stewardship, Prevention of Infection and
Control (ASPIC) in 2012 through collaboration between the office of the National Chair of
Clinical Pharmacology, ICMR and the Christian Medical College, Vellore. A national workshop
was hosted as a part of a I-year programme to develop capacity of key stakeholders in antibiotic

stewardship.

In addition to launching the AMRSN, the ICMR also instituted an evaluation of the
antimicrobial stewardship programme (AMSP) through an in-depth facility survey in private
and government health care institutions. The results showed that though there was a very high
degree of adherence to the guidelines when it came to dealing with health care associated
infections (HAISs) or hospital infection control (HIC) measures, compliance was poor with the
other aspects of antibiotic stewardship, especially with respect to having a documented
stewardship programme, antibiotic prescription guidelines, surveillance of antimicrobial use,
and a truly multidisciplinary team. It was also seen that the stewardship programmes in private
institutions were better equipped to deal with emerging crises like AMR or HAI outbreaks, as
compared to the government facilities in the survey. It is suggested that the accreditation
mandates, which certain private institutes adhere to on account of financial compulsions, may
have a positive impact on the programme. The evaluation report recommends that government
health care facilities also need to seek mandatory accreditations to improve their stewardship
programmes. The survey revealed a paucity of implementation strategies, including formulary
restrictions and drug rotation policies. Prescription audits were conducted in very few
institutions; efforts in development, dissemination and regularly updated prescription policies
were also deficient; absence of computer-assisted programmes, especially in government

facilities, also hampered the work of the stewardship programme.

Use of antimicrobials

At 12.9x10° units of antibiotics consumed in 2010, India was the largest consumer of antibiotics

for human health. Although the per capita consumption of antibiotics in India (10.7 units per
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capita) was lower than that seen in many other countries (e.g. 22 units per capita in USA), the

overall population and infection load led to higher total consumption.

With respect to consumption of antimicrobials in food animals, the global consumption was
estimated to be 63,151 (+1,560) units in 2010; India accounts for 3% of the global consumption
and is the fourth highest in the world, behind China (23%), the United States (13%) and Brazil
(9%). The consumption of antimicrobials in the food animals sector in India is expected to

double by 2030.

The absence of stringently framed and implemented regulatory frameworks to limit the use of
antimicrobials in livestock and food animals, especially for non-therapeutic purposes like
growth promotion has been one of the drivers of antibiotic overuse at the community level. A
directive was issued in January 2015, by the FSSAI which outlines certain principles that
include limiting the use of antibiotics in livestock rearing; it does little besides reiterating the
directives of a previous advisory from the Department of Animal Husbandry, Dairying and
Fisheries. The National AMR Containment Policy also highlighted the need to establish a
separate Schedule H1 under the Drugs and Cosmetics Rules to regulate the sales of antibiotics.
Guidelines for punitive actions against agencies that are in contravention of such policies are
also outlined. The national policy also outlined the proposal for colour-coding antibiotic strips
and newer molecules (carbapenems, tigecycline, daptomycin, etc.) to eliminate their use

outside of tertiary care settings. The Red Line Campaign was launched in February 2016.

Research and innovations

In 2004, in the 15 largest pharmaceutical companies, only 1.6% of the drugs in the development
stages were antibiotics, and none of them were from novel classes, nor were they targeted to
treat multidrug resistant agents. Despite the obvious need to develop newer classes of drugs to
respond to the challenges of emerging AMR, there are few late stage candidates in the process
of development. Additionally, pharmaceutical agencies have been reluctant to invest in research
and development of antibiotics owing to the nature of the market, the current policies on
conservation of newer classes of antimicrobials and the nature of antibiotic chemotherapy for

infectious diseases.
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The Cadila approach of developing the antibiotic resistance breakers (ARBs) to restore
effectiveness of older classes of antibiotics has also emerged as an innovative way around the
issue of resistance. ARBs can be known compounds as well as novel molecules which have no
or minimal antibacterial activity, but which help in restoring the effectiveness of drugs to
which the microbes would otherwise be resistant. The current consensus seems to be that
there is a need to develop ARBs that are likely to salvage key members of each group of

antibiotics, especially those that target Gram negative bacteria.

Conclusion

Historically, AMR has not received adequate focus and attention in India. However, recent
trends clearly illustrate the growing political commitment at the highest levels to have a cogent
response in place that can provide the necessary gravitas for nation-wide surveillance and
stewardship for containment of AMR. Efforts are being made to incorporate the One Health
approach into these plans. WHO’s National Action Plan framework is a template that can aid

in systematizing AMR containment in India and make it comparable to global efforts.

The MoHFW has recently notified three governance mechanisms towards this - an
intersectoral coordination committee, a technical advisory group and a core working group on
AMR. The political declaration/UN resolution at the High Level Meeting on AMR at the
United Nations General Assembly (in September 2016) provides an opportunity for the

technical leadership in India to leverage the current conducive policy environment.



. Background

There is a rapid accumulation of evidence from all across the world that the effectiveness of
antimicrobials is waning. Resistance against all groups of antimicrobials, both first line and last
resort drugs, is on the rise. This relentless march of antimicrobial resistance (AMR) has
emerged as a major public health concern, especially in the light of the fact that development of
newer classes of antibiotics has been slow. The crisis of AMR today has assumed a global
context, and is no longer limited to one particular group of nations. For example, strains of
Escherichia coli bearing the resistance gene mcr-1, which made it resistant to almost all clinically
important antimicrobials in use today, was first identified from China in the course of routine
surveillance activities (4). Soon after, these multidrug resistant (MDR) bacteria were isolated
from both animal and clinical samples from the United States (5). This rapid transmission of
resistance, especially with respect to resistance encoded by mobile genetic elements like

plasmids, has become a major source of concern.

The Sixty-eighth World Health Assembly (WHA) in May 2015 took cognizance of this crisis
and adopted the global action plan on AMR (GAP-AMR), which outlined five strategic

objectives (1):

1. Improve awareness and understanding of AMR through effective communication,
education and training;

2. Strengthen the knowledge and evidence base through surveillance and research;

3. Reduce the incidence of infection through effective sanitation, hygiene and infection
prevention measures;

4. Optimize the use of antimicrobial medicines in human and animal health; and
Develop the economic case for sustainable investment that takes account of the needs
of all countries and to increase investment in new medicines, diagnostic tools, vaccines

and other interventions.

The WHA resolution has also set a target that all Member States should develop National
Action Plans on AMR (NAP-AMR), which are aligned to the principles outlined in the GAP-
AMR, by May 2017. In order to develop a customized NAP-AMR, it is in the interest of the
Member States to conduct systematic evaluation of the AMR situation in the national context.

Additionally, in order to ensure the delivery of the outputs planned in the GAP-AMR, the
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strategic objectives adopted at the global level need to be adapted to the country context, along

with embedded systems of monitoring and evaluation in the NAP-AMR.

At the United Nations General Assembly High-Level Meeting on AMR, held in September
2016, heads of state/delegations addressed the seriousness and scope of the situation (6). For the
first time, global leaders and heads of states committed to taking a broad, coordinated approach
to address the root causes of AMR across multiple sectors, especially human health, animal
health and agriculture. They pledged to strengthen regulation of antimicrobials, improve
knowledge and awareness, and promote best practices, as well as to foster innovative
approaches using alternatives to antimicrobials and new technologies for diagnosis and

vaccines.

This report presents a situation analysis of AMR in the Indian context. The primary objective
of this report is to review and collate the current evidence on the AMR situation in India and
capture the information on the lines of the five strategic objectives of the GAP-AMR, including
identifying bilateral and international collaborations with partner agencies and other countries,
focussing on the issue of containment of the emergence of AMR. It is expected that this report
will provide information that will contribute to the framing of a NAP-AMR aligned with the
GAP-AMR.
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2. AMR situation in India

A combination of factors - rising incomes, unregulated access to antibiotics, including over-
the-counter sale as well as sale without prescription or with invalid prescription; and perverse
financial incentives for providers to prescribe antibiotics, often driven by patient demand and

expectations — have played a major role in the emergence of AMR in India.

The issue of AMR drew global attention through the controversy of the nomenclature of the
New Delhi Metallo-beta-lactamase-1 (NDM-1), and has since received a lot of attention as a
major public health concern. All the factors like the high burden of bacterial infections, poor
sanitary and hygiene conditions and the increasing proportion of intensive animal farming,
especially in small holder settings with minimal oversight and quality control makes emergent
AMR a cause of special concern in the country. The problem is no longer restricted to the
clinical or hospital setting, and is now emerging as a wider concern involving the
animal/food/livestock sector, as well as environmental contamination as a source for the spread

of resistance genes and antibiotic residues promoting selection pressure (7).

2.1 AMR in humans

AMR is a major public health concern in India. The emergence of resistance is not only limited
to the older and more frequently used classes of drugs but there has also been a rapid increase
in resistance to the newer and more expensive drugs, like carbapenems, which is worrisome.
Carbapenems are a class of antibiotics widely considered to be the last-resort antibiotics,
which are pressed into use when first and second line treatment options have failed. The
emergence of carbapenem resistance, particularly carbapenem resistant Enterobacteriaecede
(CRE), has been a major concern in developed countries, especially in the hospital/health care
setting. Although available data indicates only mild increase in carbapenem resistant isolates of
E. coli from India (from 109% in 2008 to 13% in 2013), there has been a much larger increase in
carbapenem resistant isolates of Klebsiella pneumoniae (from 29% in 2008 to 57% in 2014) and

Acinetobacter baumanii (8).



India is among the nations with the highest burden of bacterial infections (9). An estimated
410 000 children aged 5 years or less die from pneumonia in India annually (10); accounting for
almost 25% of all child deaths in India (1I). The crude mortality from infectious diseases in India
today is 417 per 100 000 persons (3). Consequently, the impact of AMR is likely to be higher in

the Indian setting.

An indicator of the rising tide of AMR in India is the rapidly increasing proportion of isolates of
Staphylococcus aureus that are resistant to methicillin. In 2008, about 29% of isolates were of
methicillin-resistant Staphylococcus aureus (MRSA), and by 2014, this had risen to 47% (8). In
contrast, in countries that have established effective antibiotic stewardship and/or infection

prevention and control programmes, the proportion of MRSA isolates has been decreasing.

A study has shown that as much as 78% of clinical isolates of Neisseria gonorrhoedae are resistant
to ciprofloxacin. Although all were ceftriaxone sensitive, about 25% were beta-lactamase
producers (12). The impact of antibiotic use on emerging resistance patterns in India is
exemplified by the resistance profile of Salmonella Typhi isolates. Resistance to fluoroquinolones
has increased from 8% in 2008 to 28% in 2014, whilst the resistance against older

antimicrobials, which are not used very commonly, is reducing (8).

In India, extended spectrum beta-lactamase (ESBL) producing strains of Enterobacteriaceae
have emerged as a challenge in hospitalized patients as well as in the community. In a
multicentric study conducted in seven tertiary care hospitals in Indian cities, 61% of E. coli were
ESBL producers. In the same study, 31-51% Klebsiella species were carbapenem resistant, 65%
Pseudomonas sp. were resistant to ceftazidime and 42% were resistant to imipenem (I3).
Acinetobacter species isolated from hospitalized patients in a tertiary care hospital in Delhi
showed 57-80% resistance to imipenem/meropenem while 70% isolates were resistant to

tigecycline (14).

In a study conducted at 15 tertiary care centres on S. aureus isolates, the Indian Network for
Surveillance of Antimicrobial Resistance (INSAR) found MRSA prevalence rate of 41% which
also showed a high rate of resistance to ciprofloxacin, gentamicin, cotrimoxazole,

erythromycin, and clindamycin (14).
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Another study showed incidence of CA-MRSA at about 10% and reduced susceptibility to
vancomycin in about 12% of the isolates of Enterococcus fecalis (15). Among blood culture isolates
of Salmonella Typhi at a tertiary care hospital in Delhi, resistance was observed to nalidixic acid
(96.7%), ciprofloxacin (37.9%) and azithromycin (7.3%) and multi-drug resistance in 3.4%
isolates (16).

Recent studies in India show that most isolates of Vibrio cholerae Ol are resistant to the
commonly-used antibiotics, such as ampicillin, furazolidone, ciprofloxacin, and tetracycline (17,
18). Resistance of V. cholerae to ceftriaxone has been reported from Delhi (18). A report of
Neisseria gonorrhoeae isolated from males and female STD clinic at Delhi highlighted alarming
increase in ciprofloxacin resistance (83.3%), penicillinase-producing N. gonorrhoeae (35.1%),
tetracycline resistance (19.3%), ceftriaxone less-susceptible strains (5.5%) and multi-drug

resistant isolates (23.3%) over 14 years from 1996 to 2008 (19).

Additionally, it has also been identified that the emergence of resistance against widely used
and cheaper antibiotics, in addition to complicating the clinical burden, will also result in
direct financial implications due to the cost constraints on replacing them with more

expensive, newer generation antibiotics (20).

Key messages

e Noticeable reduction in resistance against older antimicrobials, which are not used
very commonly, indicates the possibility of reversing the AMR tide if indiscriminate
antibiotic consumption can be curbed. However, rising incomes, increasing ability to
purchase/access to antimicrobial agents is likely to impair effectiveness of newer and
commonly use antibiotic groups.

e Enactment of enhanced regulatory and legislative measures to control over-the-counter
(OTC) sales and invalid prescription based purchase is one of the major focus areas of
the national policy for containment of AMR. However, implementation strategies
remain spotty and limited availability of trained pharmacists, especially in rural and

difficult-to-access areas remains a challenge.

® [nstitution of the National List of Essential Medicines (NLEM) and Essential Drug List

at the state levels are likely to disengage perverse economic incentives associated with
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over prescribing of antibiotics. However, drugs and generics made available at lower
prices at government facilities need to be quality assured to prevent spurious drugs

from flooding the system.

2.2 AMR in livestock/food animals

It was first noted in the 1940s that addition of small doses of antibiotics to the feed led to an
increased rate of weight gain and a better “feed-conversion ratio” in animals. This led to the
practice of non-therapeutic use of antibiotics either for prophylaxis or metaphylaxis (timely
mass medication of a group of animals to eliminate or minimize an expected outbreak of
disease), and for growth promotion. Over the years, it has been seen that with improving
environments in which animals are reared and with the adoption of good agricultural norms,
the effect of antibiotic growth promoters (AGPs) has become progressively smaller. However,
in countries where animals are reared in unhygienic or unsanitary environments, which make
them more prone to suffer from infectious diseases, antibiotics still have a role to play in growth
promotion. The use of sub-therapeutic doses of antibiotics for this purpose has been widely
viewed to be a driver for the emergence of AMR in countries with intensive animal farming

where the use of antibiotics for growth promotion is not prohibited or controlled legally (3).

The burden of AMR in livestock and food animals has been poorly documented in India. Aside
from sporadic, small, localized studies, evidence that can be extrapolated to the national level is
lacking. Given that there are few regulations against the use of antibiotics for non-therapeutic
purposes in India, with no stringent implementation protocols even when there are regulations,
the emergence of AMR from antibiotic overuse in the animal sector is likely to be an
unmeasured burden in India. India does not have a surveillance system that accounts for use
and/or consumption of antibiotics in the animal/food/livestock sector. If the data from USA are
indicative, then it is likely that a large proportion of the total antibiotic consumption may
actually be accounted for through the livestock sector. According to a report issued by the US
Food and Drug Administration (FDA), in 2011, 13.6 million kg of antibiotics were sold for use in
food-producing animals in the United States, accounting for almost 80% of all the antibiotics
sold or distributed in the country (21). In 2012, India manufactured about a third of the total
antibiotics produced globally. Hence, it is likely that the consumption patterns and emerging

AMR through antibiotic use in the livestock sector is an important target for policy-makers.
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2.2.1. Antibiotic use: Cattle

The detection of antibiotic residues in milk and dairy products has been the main approach for
estimating the use of antibiotic use in dairy cattle, followed by non-compliance with
withholding periods to allow the drug to be completely metabolised before initiating milking.
A survey conducted by the National Dairy Research Institute (NDRI) identified that the most
commonly used antibiotics in cattle were - tetracycline, oxytetracycline, gentamicin,
ampicillin, amoxicillin, cloxacillin, and penicillin due to their lower costs (22). Use of
enrofloxacin, lincomycin, streptomycin and chloramphenicol was also common when
veterinarians treated for clinical conditions. More recent studies have shown that the most
common indication for using antibiotics in dairy cattle is mastitis, and the preferred antibiotics
include beta-lactams and streptomycin (23). This was supported by findings from Delhi, where
similar trends were observed as beta-lactam antibiotic residues were detected from 11% of milk

samples (24).

Although antibiotic residues in milk are an indicator that the animal had been provided with
antibiotic drugs in the recent past, there is no way to elicit information on the indication for
which the medication was given, who prescribed it, what duration the medication was given
for, what dosage the medication was given in, and whether the use of antibiotics in that
particular instance was justified or not. Hence, in the absence of more robust antibiotic
consumption surveillance, it is difficult to elicit data on antibiotic consumption specific to the

dairy industry.

2.2.2. Antibiotic use: Poultry

As with the dairy sector, there is limited evidence available on the exact amount of antibiotic
consumed within the poultry industry, and what were the various indications for which the
medications were prescribed. In many cases, since the antibiotic is given as a growth promoter
through the premixed feed, which comes with added antibiotics, it is difficult to exactly

estimate the dose or the consumption levels of antibiotics in the poultry sector.

In a study where samples of chicken meat were drawn from the Delhi National Capital Region,
it was seen that 40% of the samples contained the residues of one or more antibiotics and 17%
of the samples contained more than one antibiotic residue in the meat (25). With the market for

chicken meat growing at a rate of 109% per annum, intensification of poultry rearing is the way
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to keep up with the demand, and may further increase the use of antibiotics as growth

promoters.

2.2.3 Antibiotic use: Aquaculture

The legislative conditions regulating the aquaculture processes are different from those in the
poultry or the dairy industry. The Food Safety and Standards Authority of India (FSSAT) has
placed an extensive ban on the use of antibiotics and several pharmacologically active
substances in fisheries. Also, in contrast to the poultry industry where many of the
commercially available pre-mixed feeds come with antibiotics added, none of the feed in the
fisheries sector contain antibiotics. These drugs can, of course, be added to the feeds separately

by the farmers.

Although the total amount of antibiotics used in fisheries may be much smaller in quantity than
that used for terrestrial, intensive livestock rearing, the major problem is that more antibiotics
which are clinically important in humans finds use in the aquaculture sector (26). Although
there is little evidence on the deleterious impact of using antibiotics in fisheries on the marine
ecosystem, it has been seen that most antibiotics are toxic to native marine flora and fauna
when given in excess. The long-term impact of the use of antibiotics for aquaculture not only
has ramifications for emergence of resistance in marine bacteria, but also has a yet unmeasured

impact on the marine ecology and the environment.

Based on usage trends in aquaculture, China is the largest consumer of antibiotics, and possible
problematic usage patterns being noted in Indonesia, Thailand, Vietnam, India and Chile (27).
However, like in most of the developing countries, scientific evidence is missing on antibiotic

use patterns and residues in the fisheries industry in India (28).

2.2.4. Antimicrobial resistance: Cattle

Drug resistant bacteria have been isolated from dairy cattle as early as the 1970s. A high level of
AMR was reported from Shiga toxin-producing E. coli isolated from calves with diarrhoea in
Gujarat and the Kashmir Valley (29, 30). All of the strains from Gujarat were resistant to at least
three antibiotics, and almost half were resistant to eight or more of the 11 antibiotics tested.
Resistance was ubiquitous for kanamycin and cephalexin and was above 50% for seven of the

antibiotics tested (29).

20



One of the most common clinical issues encountered on dairy farms is mastitis, which may be
subclinical or overtly symptomatic. Commonly thought to be a disease of production, milk from
mastitic cows and buffaloes have been shown to contain a wide range of bacteria, with a wide
spectrum of resistance against commonly used antibiotics. In some cases, MDR bacteria have
been seen to co-infect animals suffering from mastitis (31). One study identified that almost all
samples drawn from 105 sick cows showed bacteria that were resistant to ampicillin,
carbenicillin and/or oxacillin (32). MRSA has also been isolated from the samples of milk drawn
from cows suffering from mastitis (31). In a recent study, almost 13% of the milk samples
exhibited the presence of MRSA. These samples were significantly more resistant to other
groups of antibiotics than other bacteria that were also seen in the same samples (33). In this
study, none of the isolated MRSA were seen to be resistant to vancomycin; however, recently
the first report on the presence of vancomycin resistant Staphylococcus aureus (VRSA) in bovine
and caprine milk has been published, indicating the rapidly growing issue of AMR (34). Recent
studies have shown that samples drawn from mastitic cows also contained E. coli which carried

the multi-resistant NDM-1 gene and other samples, which contained E. coli with ESBL genes

(3).

Bovine source milk, especially from those animals suffering from mastitis, has been observed to
have high levels of resistant bacteria. In a study conducted in eastern India, it was seen that
20% of the isolates demonstrated resistance to imipenem; samples were positive for plasmid-
mediated quinolone resistance genes (qnrS). The samples also contained ESBL and AmpC type

beta lactamase producing MDR Klebsiella pneumoniac (36).

There exists a large body of evidence, which comprises of studies investigating the resistance
profiles of bacteria isolated from both sick and healthy cattle. However, these studies do not
provide a representative picture of the problem at the national scale, for which it is imperative

to have a broad based surveillance system in place.

2.2.5. Antimicrobial resistance: Poultry

There are gaps in the surveillance system monitoring antibiotic resistance in animals in India.
However, individual studies have consistently shown that bacteria isolated from animals or
seafood have high levels of resistance. It has been seen that for certain groups of antibiotics,

Staphylococcus and Pasteurella multocida isolated from poultry may have up to 100% resistance (7).
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A 2009 study reveals that a majority of isolates from poultry were resistant to at least one
antibiotic, the highest rates being against streptomycin (75%) and erythromycin (57%).
Resistance was also greater than 40% for kanamycin, ampicillin, tobramycin, and rifampicin,
which were largely used for non-therapeutic purposes, the most important one of them being
growth promotion (37). Salmonella isolated from eggs, has been shown to be resistant to multiple

groups of antibiotics (38, 39).

A recent study found significant differences in the resistance profiles of broiler farms vs. layer
farms' in the Punjab region of northern India, with drug resistance being far more common in
broiler operations. Broiler farms ranged from twice as likely to more than twenty times as likely
to harbour resistant E. coli, and prevalence of multi-drug resistance was much higher (94% in
broiler farms vs. 60% in layers). ESBL prevalence in broiler farms was also higher at 87% vs.
42% among layers. Independent broiler operations had overall higher rates of resistant E. coli,

while contracted layer farms (not independent) had higher prevalence of ESBL producers (7).

The first systematic study of MDR ESBL-producing E. coli in Indian poultry and cattle found 18
of 316 E. coli isolates sampled in Odisha to be ESBL producers. All ESBL-producing strains
emerged as a single lineage through phylogenetic analysis and were resistant to cephalosporins
and monobactam, as well as a host of other antibiotics (40). A more recent study from backyard
layers has found high rates of resistance against chloramphenicol, ciprofloxacin, gentamicin,

levofloxacin, norfloxacin and oxytetracycline (41).

2.2.6. Antimicrobial resistance: Aquaculture

Compared to the poultry and dairy sector, antibiotic resistance has been scrutinized more
closely in the aquaculture sector. Due to the existence of stringent legislative provisions to
contain the inappropriate and non-therapeutic use of antibiotics, it is expected that the
problem of AMR in the aquaculture sector should be smaller compared to the dairy or poultry
sectors. However, in a recent study that examined over 250 samples, it was seen that MDR

bacteria were isolated from over two-thirds of the samples (42).

" Broiler farms are those farms in which chickens are raised for the purpose of poultry meat. Layer poultry
farming refers to raising egg-laying poultry birds for commercial production of eggs.
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The extent of multidrug resistance is a major issue in aquaculture. Two thirds of the samples of
Salmonella isolates drawn from fish and shellfish obtained from the markets of Mangalore were
seen to be resistant to at least two antibiotics; almost a quarter of the isolates were seen to be
resistant to three or more antibiotics (43). These results reflect the poor implementation of the

existing legislative provisions, as well as the po armacy practised in the aquaculture sector.
ting legislative p 11 as the polyph y practised in the aquacult t

Almost 90% of the isolates of Vibrio cholerae from coastal southern India were resistant to
ampicillin, penicillin, and streptomycin, whilst almost two-thirds of the samples were resistant

to bacitracin (44).

Key messages

e To whet the increasing appetite of India’s rapidly expanding cities for animal source
proteins, there has been a concurrent increase in intensive, industry-style animal
rearing, even in small holders, with minimal quality control, oversight and support.
Farmers functioning on razor-thin margins need to keep their animals healthy at any
cost and hence they resort to inappropriate use of antibiotics, often through
unprescribed routes.

e Few regulations and legislative measures are available against the non-therapeutic use
of antibiotics in food animals. Limited legislations are available for control of
antibiotics in the livestock sector, although some legislative tools are available for
fisheries and poultry raised exclusively for export.

e There are increasing legislative tools against non-therapeutic use of antibiotics in
animals, e.g. the directive issued by FSSAI in January 2015 outlines principles to limit
the use of antibiotics in livestock rearing. However, it lacks a roadmap or
implementation plan, making it difficult to translate it into actionable policy
interventions.

e There is an absence of a One Health approach to AMR containment at a policy level, as
the focus is more on human health issues and the scope of the problem in the veterinary

sector, although acknowledged, is not outlined in granular details.



2.3 Awareness and understanding of AMR

The GAP-AMR states that the first strategic objective in effectively containing AMR is to
improve awareness and understanding of AMR through effective communication, education
and training (I). The strategy envisions that the awareness building has to proceed on several
fronts at the same time. On one hand it has to leverage public communication programmes to
encourage behaviour change in target populations, namely, stakeholders in human health,
animal health and agriculture; and on the other, there needs to be concerted efforts to
incorporate AMR as a core component in the professional education of medical and veterinary
professionals. It is essential to identify stakeholders who can play a pivotal role in containing
AMR in their professional capacity; this could include a wide spectrum of functionaries such
as, physicians, nurses, AYUSH (Ayurveda, Yoga and Naturopathy, Unani, Siddha and
Homoeopathy) practitioners, pharmacists and chemists, veterinarians, para-veterinarians
(including veterinary field assistants) and other health care support staff. Similar views were
expressed in the situation analysis on antibiotic use and resistance in India conducted by the
Global Antibiotic Resistance Partnership (GARP) - India Working Group (45). The GARP had
identified that of the three critical areas of intervention in India and countries with similar
resource limitations, a vital component is education and public awareness campaigns to

improve the understanding of AMR in both providers as well as consumers.

The need to focus on awareness building, both in consumers and providers, was highlighted by
the results of the multi-country public awareness survey that was conducted by WHO (46).
The findings of the study highlight important gaps in the understanding of what antibiotics
are, how they should be used and when to take them. There is ample evidence to suggest that
there is a certain “pull” from patients which forces medical practitioners to overprescribe
antibiotics, especially for conditions like viral illnesses, upper respiratory tract infections and
diarrhoea, for which antibiotic therapies are not the recommended first line of approach (47).
This irrational demand to be over-treated inappropriately with antibiotics can be explained
through the findings from this survey, which could identify potential areas for which targeted
messages could be developed. Surprisingly, a large proportion of the Indian respondents also
admitted that they considered AMR to be a serious issue, but there seemed to be a wide

dissonance between knowledge, attitudes and practices.



Although there is a dearth of evidence to assess baseline awareness levels, and use these levels
to evaluate the impact of any awareness-building campaigns in India, limited evidence indicates
that there is a definite felt need related to this issue in India, both from consumers and
providers. In a self-reported survey of medical practitioners in Tamil Nadu, for example, 12%
expressed the need to have focussed continuing medical education programmes targeting
antibiotic use guidelines and resistance issues; an additional 6% felt that patient awareness on
antibiotics was also critical as patient requests/expectations emerged as a major driver for

antibiotic prescription in the clinical setting (48).

However, it is also widely recognized that given the easy availability of antibiotics OTC,
without prescriptions, or with inappropriate prescriptions, pharmacists need to be identified
as stakeholders in the process of awareness generation. Although there are a few programmes
targeting continuing professional development of pharmacists, they are not on a scale that may
impact OTC sales of antibiotics in India. Additionally, though a few studies have noted that in
the immediate aftermath of meeting with pharmacists, through training programmes, there is a
reduction in the sales volume of antibiotics, the long-term sustainability of such progress is
suspect (45). Additionally, there is some evidence that, in the long run, intense training may not
make a difference, as untrained pharmacy attendants are likely to mimic the prescription
practices of the local providers, copying both the appropriate as well as the inappropriate
prescribing-behaviours of trained providers (49). Whilst copying of desirable traits may be
potentially beneficial, such uncontrolled diffusion of prescribing habits, especially if originating

from unlicensed practitioners, could result in detrimental effects in the long run.

These findings were also bolstered by the report on the country-wise worldwide situation
analysis that was conducted by WHO (50). This report identified that the awareness levels
regarding prudent and appropriate use of antibiotics was low in all regions of the world. One of
the points of concern was that even in countries that had conducted national awareness
campaigns for AMR, there seemed to be a fair amount of misunderstanding about the
therapeutic role of antibiotics. This points to the fact that there needs to be sustained, targeted
awareness campaigns that not only look to improve knowledge and awareness of the target
audience, but also have a strong behaviour change component along with appropriate measures

for monitoring and evaluation, incorporated in it.
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Given the financial incentives to prescribe antibiotics and the role of the pharmaceutical
industry in encouraging prescription of antibiotics in India, there is a need to approach the
process of awareness generation with additional legislative support. A major cause of concern is
that despite their high costs and apparent access issues, the consumption of expensive classes
of antibiotics like carbapenems is on the rise in India, largely driven by OTC sales and
inappropriate prescribing practices (49). Evidence from the higher income countries exist,
showing that if such perverse economic incentives linked to inappropriate and irrational
prescribing of antibiotics are cut off, there is an immediate reduction in the antibiotic
prescription volumes (51, 52). In China, the government launched the National Essential
Medicine System (NEMS) advocating the use of essential medicines and promoting the rational
use of antibiotics. The programme sought to eliminate the profit link between health
institutions or doctors and medicine (prescriptions) by imposing the Essential Drug List
(EDL), a compendium of low cost medicines for common, treatable illnesses affecting a large

number of people (53).

Internationally, there is evidence that awareness generation campaigns, in combination with
other interventions, organized at the national level may be successful to reduce antibiotic use.
The “Antibiotics are not automatic” campaign, which was launched in France in 2001 as a part
of a programme to conserve effective antibiotics for therapeutic purposes, achieved a reduction

of antibiotic prescription to the tune of 27% (54). The common attributes of successful

campaigns to reduce antibiotic prescription or consumption in human medicine should (55):

e be multifaceted programmes, targeting multiple groups, especially the parents of
young children;

e have involvement/participation of health authorities;

e be publicly funded;

e last for at least one year; and

e utilize multiple channels to deliver information, suited to the target groups.

Education of medical, veterinary and agriculture professionals in the key tenets of AMR,
sustainable and prudent antibiotic use, and antibiotic stewardship has also been identified as
one of the key elements of reducing provider side “push” for overuse of antibiotics. As noted in
the report on the State of the World’s Antibiotics, education pertaining to antibiotic

stewardship is largely limited to the clinical setting at the hospital levels. It needs to be

26



incorporated as a core curriculum at the undergraduate and postgraduate medical education in
the relevant disciplines. Surveys of European medical schools have established that almost all of
them contain prudent antibiotic prescription, AMR and antibiotic stewardship as core

components in the undergraduate curriculum (56).

The National Policy for Containment of AMR in India, outlined in 2011, acknowledged the
shortcomings in medical education as far as training in the principles of rational antibiotic
usage is concerned. One of the focus area of the policy document emphasizes the need to

develop training modules on rational prescribing of antibiotics in India (57).

There is also a need to increase the awareness about the need to contain AMR at the higher
levels of policy-making, so that it may emerge as a priority in the health policies of the nation.
In 2011, the health ministers of WHO Member States of the South-East Asia Region articulated
their commitment to combat AMR through the Jaipur Declaration. This was a high-level
commitment to prioritize AMR control programmes at the highest levels of national 