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Abstract

Viewpoint

the gloBAl proBlem

Antimicrobial resistance (AMR) occurs when microbes 
(i.e., bacteria, viruses, fungi, and parasites) develop mechanisms 
to evade antimicrobials (i.e., antibiotics, antivirals, antifungals, 
and antiparasitics) rendering them ineffective. A recent report 
from the WHO found that due to AMR, our armamentarium 
of effective antimicrobials is declining rapidly.[1]

Just like all living organisms, microbes are evolving for 
survival. AMR has existed even before the first antibiotic 
was discovered. AMR commonly develops due to selective 
pressure applied by antibiotic use, through genetic mutations 
or acquisition of genetic material through plasmid transfer 
from a resistant bacterium.[2]

AMR has been identified as a global health threat with serious 
health, political, and economic implications.[3] The progress 
made in modern medicine is under serious threat because 
of the emergence of AMR. Annual deaths due to AMR are 

anticipated to rise to 10 million worldwide by 2050.[3] This 
public health problem is receiving growing attention globally. 
Several countries are facing the emergence of bacteria that are 
completely resistant to available antibiotics and countries are 
preparing country-specific action plan for AMR based on the 
global action plan of the WHO.[4]

the proBlem in indiA

India carries one of the largest burdens of drug-resistant 
pathogens worldwide, including the highest burden 
of multidrug-resistant tuberculosis,[5] alarmingly high 
resistance among Gram-negative and Gram-positive bacteria 
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Figure 1: (a and b) Resistance patterns of Klebsiella pneumoniae (left) and Staphylococcus aureus (right) isolates in India (Figure generated by 
Center for Disease Dynamics using blood and cerebrospinal fluid isolates from inpatients collected by a private laboratory network in India with 5700 
collection centers nationwide)
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[Figure 1][6] even to newer antimicrobials such as carbapenems 
and faropenem since its introduction in 2010.[7] Regional 
studies report high AMR among pathogens such as Salmonella 
typhi, Shigella, Pseudomonas, and Acinetobacter.[8] Annually, 
more than 50,000 newborns are estimated to die from sepsis 
due to pathogens resistant to first-line antibiotics.[9] While 
exact population burden estimates are not available, neonates 
and elderly are thought to be worse affected. Two million 
deaths are projected to occur in India due to AMR by the year 
2050.[10] It is no surprise that emergence of enzyme New Delhi 
metallo-β-lactamase (NDM-1), named after the national 
capital of India, in 2008 rapidly spread to other countries.[11] 
The present article reviews the progress in addressing AMR 
in India after 10 years of the emergence of NDM-1.

Infectious diseases remain a leading cause of mortality in 
India. Bacterial sepsis, acute respiratory illness, and acute 
diarrheal diseases are leading killers of children under 5 years 
of age. India is one of the largest consumers of antibiotics 
worldwide,[12] and antibiotic sales continue to increase 
rapidly.[13] Despite the decline in communicable diseases, 
antibiotic use continues to increase [Figure 2].[6]

The high burden of AMR in India is driven by multiple factors. 
Antibiotic over-prescription is driven by a poor understanding 
of its dangers and contribution to AMR on the part of the 
provider as well as patients who lack knowledge regarding 
appropriate antibiotic use.[14] In addition, pharmacists who 
are often the first point of care, dispense antibiotics without a 
physician prescription, offer alternative antibiotics even when 
patients present with a prescription. Within the hospitals lack 
of monitoring of antibiotic use is one of the major factors 
driving the spread of resistance.[15]  Health system factors 
are also at fault. Doctors routinely receive compensation 
from pharmaceutical companies in exchange for antibiotic 
prescriptions.[16] Alarming rates of resistance have been 
reported in animal isolates of human pathogens,[8] but the 
evidence is insufficient to make national estimates.

Available data indicate to rising rates of AMR, across multiple 
pathogens of clinical importance, in the country. In 2008, about 
29% of isolates of Staphylococcus aureus were methicillin 

resistant, and by 2014, this had risen to 47%. In contrast, 
in countries with effective antibiotic stewardship and/or 
infection prevention and control programs, the proportion of 
methicillin-resistant S. aureus isolates have been decreasing.[17]

Economic considerations
India spends only 4.7% of its total Gross Domestic Product on 
health, with government share only one-fourth (1.15%)[18] of 
it, makes the task massive. One study found the median cost 
of treatment of a resistant bacterial infection to be more than 
a year wages of a rural worker.[19]

Poor public health infrastructure, a high burden of disease, and 
unregulated sales of antibiotics have contributed to a rapid rise 
in resistant infections in India. This has a huge socioeconomic 
impact due to deaths and increased costs due to prolonged stay 
in hospital, additional and repeated laboratory investigations, 
and loss of work for treating resistant bacterial infections. 
There are no proper documented estimates on the economic 
impacts of AMR in India. It can be assumed that due to the 
high incidence of malaria, tuberculosis, and HIV in India and 
lack of regulations on the use of antibiotics in humans and the 
production of food-producing animals, the impacts of AMR 
on the Indian economy could be huge.[20]

Actions tAken so fAr

Over the past 8 years, national commitment to address AMR 
has steadily increased. The momentum can be seen from the 
increased research focus, where more than 50% (2184) of 
the 4220 articles indexed in PubMed for “AMR India” and 
68 of the 77 articles resulting from “antibiotic stewardship 
India” searches were published in the past 5 years. The 
national situation was very well aligned to Kingdon’s 
three-stream policy window model[21] that led to major 
policy changes in India. In the model, for a policy change to 
occur, three “streams” must flow together: one – problem (in 
need of attention), two – policy (available solutions), and 
three – politics (recognition of the problem by politicians). 
National and international attention was brought to the issue 
with the emergence of NDM-1; global examples of successful 
strategies were available to address the problem.



Figure 2: Use data from Center for disease dynamics aggregated from 
two antibiotic consumption databases
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The first major step toward tackling this problem was taken 
in the form of a National Task Force on AMR Containment 
in 2010 followed by the adoption of National Policy for 
Containment of AMR, the Jaipur Declaration and the inclusion 
of antimicrobial containment in the 12th 5-year plan in 2011.[22] 
However, this policy made little progress due to difficulties 
in implementation.

Further progress was made with the active involvement of the 
Indian Council of Medical Research (ICMR), and the adoption 
of the “Chennai Declaration” at the second annual conference 
of the Clinical Infectious Disease Society at Chennai on 
August 24, 2012.[23] This was the first-ever meeting of medical 
societies in India on this issue. The declaration provided a 
roadmap to tackle the challenges of AMR from an Indian 
perspective.[24,25] The declaration has had an unprecedented 
impact at national and international arena. ICMR established a 
national surveillance network of laboratories at tertiary medical 
academic centers.

The political commitment came from the Prime Minister 
himself. Public education came to the forefront with prime 
minister directly addressing the nation in his 2016 radio 
address highlighting the issue of antibiotic resistance and the 
launch of the “Red Line” campaign. A red line on the antibiotic 
packaging is aimed to draw public attention to the dangers of 
its misuse and has been lauded internationally.[26]

The Government recently adopted a National Action 
Plan (NAP) on AMR in 2017.[27] The strategic objectives of 
NAP-AMR are aligned with the global action plan based on 
national needs and priorities. In addition to the five priorities of 
Global Action Plan on AMR, India has a sixth priority dealing 
with India’s leadership on AMR. Six strategic priorities have 
been identified under the NAP-AMR: (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.[27]

chAllenges for control of Amr And possiBle 
strAtegies

To prevent over the counter sales of important antibiotics, the 
Central Drugs Standard Control Organization implemented 
Schedule H1 in India starting March 1, 2014. The H1 list includes 
24 antibiotics, such as third-generation and fourth-generation 
cephalosporins, carbapenems, antituberculosis drugs, and 
newer fluoroquinolones. Antibiotics have previously been 
listed under Schedule H, which contained drugs that could 
be sold only with a valid prescription. Drugs included in 
Schedule H1 can only be sold with the prescription of a 
registered medical practitioner and require that that pharmacist 
maintained a separate register with the patient’s name, contact 
details of the prescribing doctor, and the name and dispensed 
quantity of the drug. The register has to be retained for at least 
3 years and is subject to audit by the government.[28]

While the significant progress has been made, major challenges 
remain, including the implementation of the most recent 
National Health Policy (2017)[18] which includes education 
to the general public and professionals. Many examples exist 
from around the world that have been successful in integrating 
AMR in education early.[29,30] A stark missing component 
is the total lack of training in infectious disease other than 
tuberculosis. There is no mention in the policy about the 
mechanism of bringing practitioners of alternative medicine 
who also prescribe antibiotics into the fold.

Another missing component is empowering the public to ask 
questions regarding the appropriateness of treatment when they 
receive antibiotics from a prescriber or a chemist. Many successful 
media campaigns have harnessed the celebrity power in India, for 
example, polio vaccination and tuberculosis screening. A new 
celebrity champion for AMR would be a good start.

ICMR’s surveillance network currently only includes tertiary 
medical centers. The data from these centers are unlikely 
to be representative of the problem in the community. This 
component can be made feasible only if a broader strategy for 
strengthening of laboratory services at a multisectoral level 
and integration of data is undertaken.

Hospital infection control and prevention go hand in hand with 
any strategy to tackle AMR. The health policy makes this a 
priority for India. There is currently no reporting system for 
hospital-acquired infections in India. While a 2013 study of 
20 hospitals found that 75% of hospitals surveyed had written 
infection control policy,[17] studies looking at implementation 
are lacking. Creating a public demand would drive hospitals 
to adopt effective infection control practices.

The regulation of antimicrobial sale is the most difficult 
challenge for the NAP-AMR 2017. The incentives given 
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by pharmaceutical companies to doctors for prescription 
of branded drugs is a major issue in India, although being 
addressed now with the increased push to use generic 
drugs nationwide. A large component of antibiotics are not 
prescription based and beyond the purview of any regulation. 
Newer antibiotics can be made available in a highly restrictive 
manner as was seen with the government’s restriction on 
bedaquiline.[31] Further studies to distinguish appropriate 
and inappropriate antibiotic use that bypasses the doctor is 
needed.

A search for postgraduate training in infectious diseases other 
than tuberculosis yields no results on the Medical Council of 
India website. This is a major barrier to implementation of 
hospital-based antibiotic stewardship programs that have had 
success in tackling the AMR issue worldwide. Successful 
stewardship models India are in their infancy,[32] and a strategy 
for rapid scale-up is necessary.

Poor sanitation remains a challenge that allows for the 
environmental spread of AMR. Poorly filtered effluent from 
hospitals, pharmaceutical production allows for easy bacterial 
mixing creating a setup for transfer of resistance-conferring 
mechanisms. The human consumption of such contaminated 
water allows for easy transmission as was demonstrated in the 
isolation of NDM-1 in drinking water and seepage samples 
in New Delhi.[33]

The lack of newer antibiotics is a worldwide problem and is 
certainly a challenge for India. The Indian Pharmaceutical 
Industry has established itself as one with low production costs 
and high volume. Only a few pharmaceutical companies are 
focusing on “superbug antibiotics,” including the CARB-X 
funded Bugworks.[34] The exclusion of a strategy to incentivize 
the development of such drugs from the national policy is 
detrimental.

A lack of research and evidence compounds the problem.[35] 
Table 1 provides several knowledge and research gaps identified 
by the authors in NAP–AMR 2017. Data sharing mechanism, 
not included in the policy, are needed to ensure that these 
results are available to guide policymakers and clinicians in 
a timely manner.

Tackling AMR is an ethical obligation and an ethical analysis 
of proposed interventions is necessary. Majority of health-care 
provided in India is through the unregulated private sector. 
Limited access and long wait-times to see specialist allopathic 
physicians drive patients to seek alternative medicine 
practitioners or ask chemist shops for direct medical advice or 
self-prescription or use leftover antibiotics at home.

In summary, tackling the AMR challenge in India requires 
significant efforts from all stakeholders involved. This issue 
has been slow to gain momentum but is now dominating the 
national conscience. Despite the adoption of a national policy 
and significant activities already underway, progress is limited 
by a lack of clear implementation strategy and research gaps.
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