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EXECUTIVE SUMMARY
Background

Antimicrobial resistance (AMR) has emerged as a public health concern, especially in light of the fact that newer antibiotic 
classes have been slow to develop and investments in novel antimicrobial drug classes have been receding. India is among the 
countries that contribute significantly to global AMR due to extensive antibiotic abuse, a prime driver of AMR. Widespread 
resistance increases the use of broad-spectrum empiric antibiotic therapy, narrowing treatment options and worsening patient 
outcomes. Over-the-counter use of antibiotics, lack of awareness, inadequate use of diagnostics, overcrowding, cross-infections, 
financial compensation of doctors by pharmaceuticals, and poor health infrastructure also amplify AMR problems in India. 
Referred to as the world’s AMR capital, India is battling emergent superbugs with limited treatment options. In India, annually, 
more than 58,000 newborns die due to sepsis triggered by resistant bacteria, which is expected to rise to 2 million deaths by 2050.

Current antimicrobial resistance scenario in India

The available data indicates a rise in the AMR rates across multiple pathogens of clinical importance. An indicator of the rising 
tide of AMR in India is the rapidly increasing proportion of isolates that are resistant to extended-spectrum cephalosporins 
and carbapenems. Among Enterobacterales, >70% of Escherichia coli and at least 80% of Klebsiella pneumoniae were extended-
spectrum beta-lactamase producers. A substantial level of carbapenem resistance has been reported in K. pneumoniae, 
Pseudomonas aeruginosa, and Acinetobacter baumannii. In the past 6 years, carbapenem resistance has substantially increased 
in hospital-acquired isolates of both E. coli (from 19% in 2017 to 34% in 2022) and K. pneumoniae (from 41% in 2017 to 58% in 
2022). More than 30% of P. aeruginosa isolates and >90% of A. baumannii isolates are resistant to carbapenems. Carbapenem-
resistant A. baumannii is the leading cause of ventilator-associated pneumonia in Indian intensive care units (ICUs).

In India, a sharp increase in carbapenem resistance in gram-negative pathogens leaves patients with limited treatment options 
and increases the risk of AMR-attributed mortality in patients. Emergence of resistance to colistin has already been documented 
in India, although current resistance rates are estimated to be less than 10%. In addition, emerging new resistance mechanisms 
such as PBP3 insert in E. coli and mutation in the siderophore iron transport channels contributing to the development of pan-
drug resistance are of great concern. As India has been witnessing a dominance of New Delhi metallo-β-lactamase (NDM) 
among Enterobacterales, clinicians are desperately looking for safer and effective substitutes for polymyxins that are currently 
considered as salvage therapies. Among gram-positive pathogens, there is an incremental increase in the trend of Methicillin 
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resistant staphylococcus aureus (MRSA), 33% in 2017 to 44.5% in 2023. Similarly, there is a noticeable increase in the proportion 
of vancomycin resistance in Enterococcus sp., which is five times higher in E. faecium than E. faecalis.

The Indian Council of Medical Research (ICMR) has established a national network on surveillance of AMR in laboratories 
based at academic centers, targeting medically important index microbes that have been identified by the World Health 
Organization (WHO). The Antimicrobial Resistance Surveillance Research Network (AMRSN) established by the ICMR has 
six reference laboratories for six pathogenic groups that are located in four tertiary care medical institutions. The AMRSN also 
incorporates an in-depth understanding of the clonality of drug-resistant pathogens and the transmission dynamics to enable 
a better understanding of AMR in the Indian context and devise suitable interventions. However, more proactive steps are 
warranted. The burden of AMR in community, livestock, and food animals has been poorly documented in India. Apart from 
sporadic, small, localized studies, evidence that can be extrapolated to the national level is lacking. The AMRSN, although 
currently limited to human health, plans to scale up on a national level 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. 
Apart 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 antibiotic consumption patterns and the 
emergence of AMR is vital in producing evidence that may help in the designing and evaluation of effective interventions. In 
2017, the Indian Ministry of Health and Family Welfare published the national action plan  (NAP) for containing AMR. This 
5-year NAP on AMR (2017–2021) outlines the priorities and implementation strategies for curbing AMR in India. NAP focuses 
equally on human, environment, and food–animal sectors to encompass a One Health approach. Priorities outlined in the 
NAP for antimicrobial resistance in India are as follows: i) improve awareness and understanding of AMR through effective 
communication, education, and training; ii) strengthen knowledge and evidence through surveillance; iii) reduce the incidence 
of infection through effective infection, prevention, and control; iv) optimize the use of antimicrobial agents in all sectors; v) 
promote investments for AMR activities, research, and innovations; and vi) strengthen India’s leadership on AMR by means of 
collaborations on AMR at international, national, and subnational levels. However, implementation is slow and a big push is 
needed by all stakeholders. The lack of a separate financial allocation remains the greatest challenge for the implementation of 
NAPs in India.

Antifungal resistance was never a major concern till the emergence of multidrug-resistant Candida auris. This resistant fungus 
entered Indian ICUs in 2009 and has since been isolated in nearly all hospitals in India. This fungus behaves like a bacterium, 
develops resistance very quickly, is easily transmitted, causes outbreaks, contaminates the hospital environment, resists many 
disinfectants, and is not easily identified. Indian strains are classified under Clade I, which has resistance rates of 58–100% 
to fluconazole, 50% to voriconazole, 30% to amphotericin B, and 10% to at least one echinocandin. At present, C. auris is the 
most common yeast fungus isolated from blood in many Indian ICUs. Besides C. auris, fluconazole resistance is increasing in 
the commonly isolated species such as C. tropicalis and C. parapsilosis in many centers of this country. Among mycelial fungi, 
though azole resistance is not very high in Aspergillus fumigatus in India, the comparatively more resistant A. flavus is isolated 
as often as A. fumigatus from patients with invasive aspergillosis.

Management of dermatophytosis was never considered difficult until the emergence of Trichophyton indotineae, a new species of 
the T. mentagrophytes complex, which is resistant to multiple antifungal agents, especially allylamines, across India.

Gaps in addressing antimicrobial resistance

Unnecessary or irrational use of antibiotics in humans, animals, and agro-industries and inadequate diagnostic facilities are 
among the leading causes of AMR. There is a lack of national-level data on the overuse or misuse of antibiotics in the community, 
animals, environment, and agriculture. The inappropriate use of colistin in animals as a growth promoter and in agriculture has 
led to colistin resistance in India. 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.

Lack of trained manpower and inadequate laboratory facilities to support clinicians with the microbial culture test and 
suggesting an appropriate antibiotic may result in inappropriate antibiotic use. Moreover, India lacks diagnostic facilities to 
identify resistant pathogens’ susceptibility to antibiotics. Respiratory tract infections are common, and improved diagnostics 
could substantially reduce antibiotic overuse.
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Rapid diagnostic tests are quick, easy to perform, highly sensitive, and specific in point-of-care settings, thereby facilitating timely 
definitive therapy and reducing length of stay, cost, morbidity, and mortality. This is further compounded by the inadequacy of 
healthcare facilities lack of monitoring systems to control antibiotic prescription and dispensing practice by health system (to 
stop the sales of over-the-counter antibiotics).

India is also known for poor antibiotic stewardship practices that are reflected in the high antibiotic resistance rate. Inadequate 
training on antimicrobial prescription combined with the lack of a functional policy on antimicrobial use has led to unchecked 
growth of AMR in Indian hospitals. AMSP program at the Indian healthcare level is still rudimentary and needs to gain 
momentum to develop proper disease surveillance infrastructure and initiate basic AMR research. Structured education and 
training on AMSP are inadequate in India. A survey found that 88% of postgraduate students did not receive any education and 
training at induction or during employment. The intervention of various stakeholders is essential for the sustainable design and 
implementation of hospital-based AMSP in India.

Inadequate infection prevention control practices, including hand hygiene promotes the transmission of AMR.

Increasing awareness and understanding of AMR through effective communication, education, and training is one of the 
main strategies to contain AMR. It has to leverage public communication programs to encourage behavior change in target 
populations, namely, stakeholders in human and animal health, and agriculture. There is also a need to increase awareness about 
the necessity to contain AMR at higher levels of policymaking, so that this aspect may emerge as a priority in the health policies 
of the nation. In addition, the exit of big pharma from antibiotic development and the lack of investment from venture capitalists 
to support the commercial viability of antibacterial agents have pushed AMR into a global health crisis. Without addressing gaps 
in the identified areas, sustained progress in AMR mitigation is unlikely.

Recommended intervention strategies

Tackling AMR requires a comprehensive set of interventions. Health workers across a spectrum of disciplines play an important 
role in ensuring the responsible use of antimicrobial agents to treat prevalent infectious diseases. Simple measures to prevent 
infections, such as vaccinations and promoting hand hygiene and better hygiene in healthcare facilities, more than halve the 
risk of death and decrease the health burden of AMR. Similarly, integrated delivery of policies that promote hospital hygiene, 
antimicrobial stewardship (AMS), and the use of diagnostic tests to differentiate bacterial versus viral infections and mass 
media campaigns could significantly reduce the burden of drug-resistant infections. WHO defines AMS as a coherent set of 
integrated actions that promote the responsible and appropriate use of antimicrobials to help improve patient outcomes across 
the continuum of care. Moreover, effective implementation of AMS activities in healthcare facilities require a comprehensive 
approach at national policy and program levels.

Responsible and appropriate use of antimicrobials include prescribing only when needed and selection of the optimal drug 
regimen, drug dosing, route of administration, and duration of treatment following proper and optimized diagnosis. Evidence 
shows that health workers and students want to improve their knowledge and level of competency through targeted, effective, 
and relevant education and training on AMR. The module of the curricula guide includes the following: i) build knowledge and 
awareness of AMR; ii) appropriate use of antimicrobial agents; iii) infection prevention and control; iv) diagnostic stewardship 
and surveillance; and v) ethics, leadership, communication, and governance. In addition, public engagement and education aim 
to empower and engage the public on the risk of exposure to antimicrobials. Moreover, strengthening AMR surveillance improve 
the understanding of AMR, and how resistant microorganisms spread across and between humans, animals, agriculture, and 
the environment.

Many organizations have been formed and policies framed to control infectious diseases, optimize antibiotic usage, and prevent 
AMR. Between 2009 and 2011, the Global Antibiotic Resistance Partnership (GARP), India working group was established 
to create a platform for developing practical policy proposals on AMR. In 2012, ICMR initiated an antimicrobial stewardship 
program (AMSP) in collaboration with many institutions. In 2014, the Central Drug Standard Control Organization (CDSCO) 
introduced Schedule H1, in which antibiotics could be dispensed only against a valid prescription, with records of antibiotic sales 
to be maintained for at least 3 years. In 2016, the National Center for Disease Control (NCDC) published the National Treatment 
Guidelines for antimicrobial use in infectious diseases. Further, in 2017, ICMR published guidelines on the optimization of 
antibiotics, which includes the new WHO method of antibiotic classification (“AWaRe”) in the 20th Essential Medicine list 
to strengthen AMSPs in hospitals. The ICMR also instituted an evaluation of the AMSP through an in-depth facility survey 
in private and government healthcare institutions. It is observed that the stewardship programs in private institutions were 
better equipped to deal with emerging crises such as AMR or hospital-associated infection outbreaks, as compared to the 
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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 program. The purpose of the document is to provide core 
interventions to mitigate AMR. The proposed interventions are based on the strategies at the level of policymakers, regulatory, 
and healthcare facilities, including antimicrobial stewardship and prevention of infections, clinical microbiology laboratory for 
timely and accurate diagnosis, research and development of novel antibiotics, and rapid diagnostics and one health approach. 
Undoubtedly, mitigating AMR requires a coordinated approach across the human and animal health, agriculture, and the 
environment sectors. In the long term, effective multisectoral collaboration requires governments to take ownership of the 
NAP implementation process and ensure it is appropriately resourced and given sufficient visibility to keep it a national priority. 
The document could be helpful to other stakeholders, such as those responsible for healthcare quality improvement, patient 
safety, health facility accreditation or regulation, public health, infectious disease control and surveillance, water, sanitation and 
hygiene, occupational health, AMSP, clinical microbiology, and environmental health interventions.

CURRENT STATUS OF ANTIMICROBIAL 
RESISTANCE IN INDIA
(a) Antibacterial resistance

Antimicrobial resistance (AMR) has been identified as a 
serious threat to global health, with an estimated 4.95 million 
deaths associated with bacterial AMR.1 The speed with which 
new resistance phenotypes and mechanisms has emerged and 
spread highlights that the development of new drugs alone 
is not sufficient to address the growing resistance problem. 
Two institutions within India’s Ministry of Health, the Indian 
Council of Medical Research (ICMR) and the National 
Center for Disease Control (NCDC), have developed national 
networks of public and private hospitals to measure AMR 
trends, prevent healthcare-associated infections (HAIs), and 
enhance appropriate use of antibiotics.

Gram-negative pathogens

In the study of national AMR surveillance conducted by 
ICMR and NCDC, Enterobacterales and non-fermenting 
gram-negative bacilli (P. aeruginosa and A. baumannii) were 
reported as the most common gram-negative pathogens.2,3 
The AMR surveillance data for 2022, reported by ICMR and 
National Antimicrobial Surveillance network (NARS-Net) 
Net by NCDC, is given in Table 1. In E. coli, >70% of the 
isolates are phenotypically identified as Extended-spectrum 
beta-lactamase (ESBL)-producers; among them, CTXM-15 
(34%) was the most common ESBL-encoding gene, followed 
by CTXM-1 (19%) and Temoniera extended spectrum beta-
lactamase (TEM) (17%). An inhibitor-resistant penicillinase, 
OXA-1, was found in 28% of ESBL E. coli isolates. Among 
K. pneumoniae, at least 80% of the isolates were identified as 
ESBL producers, SHV (49%) was predominant, followed by 
CTXM-15 (34%) and CTXM-1 (23%). OXA-1 was identified 
in 22% of K. pneumoniae isolates. In the past 6 years, 
carbapenem resistance has substantially increased in both E. 
coli (from 19% in 2017 to 34% in 2022), and K. pneumoniae 
(from 41% in 2017 to 58% in 2022). Among carbapenem-
resistant E. coli, NDM-1 was seen in >95% of the isolates.4 In 
carbapenem-resistant K. pneumoniae, dual carriage of both 

New Delhi metallo-β-lactamase (NDM) and OXA-48-like 
carbapenemases was found in 60% of the isolates, while OXA-
48-like carbapenemases alone was seen in 40% of the isolates.5

Susceptibility to amikacin was significantly different between 
carbapenem-resistant E. coli (52%) and K. pneumoniae 
(16%) isolates. Recently, in 2022, the Clinical and Laboratory 
Standards Institute (CLSI) guideline has lowered the 
susceptibility breakpoint of amikacin to ≤ 4 mg/L: applying 
this revised breakpoint further reduces the susceptibility 
to amikacin.6 Further, the combination of aminoglycoside-
modifying enzymes with 16SRMTases is observed in 48% of 
NDM-producing E. coli and 35% of OXA-48-like-producing 
K. pneumoniae.7 Therefore, the increasing prevalence of 
16SRMTases limits the clinical utility of aminoglycosides 
including the new agent plazomicin against carbapenem-
resistant Enterobacterales. Fluroquinolones (>60% of isolates 
are resistant) showed limited activity against Enterobacterales.2,3

The acronym SPICE (Serratia spp, Providencia spp, indole-
positive proteus, Citrobacter spp., and Enterobacter spp.) 
denotes organisms at risk for ampC production. Indole-
positive Proteus spp. currently refers to organisms such as 
P. vulgaris and P. penneri, which generally do not contain 
chromosomal ampC genes. The emergence of clinically 
relevant ampC expression during antibiotic treatment has 
been most frequently described in E. cloacae, K. aerogenes 
(formerly Enterobacter aerogenes), and C. freundii.8 
Clinical reports suggest that the emergence of resistance 
after exposure to an agent like ceftriaxone may occur 
in approximately 8–40% of infections caused by these 
pathogens.9 Therefore, when E. cloacae, K. aerogenes, or C. 
freundii are recovered in clinical cultures (other than those 
associated with uncomplicated cystitis), treatment with 
ceftriaxone or ceftazidime is not recommended, even if an 
isolate initially tests susceptible to these agents.9 In contrast, 
other organisms historically presumed to be at risk for the 
development of clinically significant ampC expression, such 
as Serratia marcescens, Morganella morganii, and Providencia 
species, express clinically significant ampC production in less 
than 5% of isolates, and antibiotics can be selected according 
to susceptibility testing results.8
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Enterobacter spp. and Citrobacter spp. are the most common 
pathogens, and the remaining are seen in ≤ 1% of the clinical 
cultures.2,3 Carbapenem resistance rates are lesser than 30% in 
the SPICE pathogens (27% in E. cloacae, 29% in C. freundii, 
22% in C. koseri, and 23% in S. marcescens). In the past 6 years, 
susceptibility to piperacillin/tazobactam has been steadily 
decreased in Enterobacter spp. (62% in 2017 to 38% in 2022) 
and Citrobacter spp. (58% in 2017 to 43% in 2022), perhaps 
due to the revised piperacillin or tazobactam susceptibility 
breakpoint published in 2022. No significant change in the 
trend of carbapenem susceptibility has been noticed in these 
pathogens.2,3

In P. aeruginosa, nearly 41–44% of the isolates are found to 
be cephalosporin resistant.2,3 The presence of Pseudomonas-
derived cephalosporinase (PDC) variants can confer resistance 
to cephalosporins, some variants (PDC-10, PDC-11) can 
hydrolyze penicillin and first-generation cephalosporins, and 
some can hydrolyze up to third-generation cephalosporins 
(PDC-2, PDC-3). In P. aeruginosa, Vietnamese extended-
spectrum beta-lactamase (VEB) is identified as the most 
common ESBL gene, followed by TEM. More than 30% 
of P. aeruginosa isolates are resistant to carbapenems, and 
among them, NDM (41%) is predominant, followed by 
Verona Integron-encoded Metallo-beta-lactamase (VIM) 
(9%).2 Interestingly, dual carbapenemase producers of 
NDM with VIM or Imipenemase (IMP) is also noticed 
among carbapenemase-producing P. aeruginosa isolates. 
In the last 3 years, there has been a significant shift from 
VIM to IMP producers in different geographic regions of 
India.2,10 This change has led to NDM being the predominant 
carbapenemase in >95% of P. aeruginosa isolates in many 
hospital settings. Nearly half of the P. aeruginosa isolates 
are susceptible to fluroquinolones. The CLSI guideline 
recommends amikacin’s susceptibility breakpoints only for 

urinary isolates, suggesting that amikacin monotherapy may 
not be appropriate for treating systemic infections.11

The high carbapenem resistance rate of >80% in A. baumannii 
makes it challenging to treat.2,3 Nearly 55% of the isolates 
are susceptible to minocycline though, in the last 6 years of 
surveillance, there has been a drop in the susceptibility rate 
from 67% in 2017 to 59% in 2022.2 Among carbapenem-
resistant A. baumannii, 40% of the isolates have an OXA-23-
like gene and dual carbapenemase production of OXA- 23-
like and NDM are identified in 60% of the isolates.2

Over 50% of infections in most ICUs in tertiary care centers 
in India are caused by difficult-to-treat (DTR) gram-negative 
pathogens. It is important to note that both ICMR and NARS-
Net surveillance studies have documented dramatically higher 
resistance rates in isolates from the ICUs to all antibiotics 
in comparison to wards or outpatient clinics. In India, a 
sharp increase in carbapenem resistance in gram-negative 
pathogens is seen [Table 1], which leaves patients with limited 
treatment options and increases the risk of AMR-attributed 
mortality in patients. Further, the declining effectiveness of 
antibiotics imposes potentially large health and economic 
burdens.

Polymyxins- or tigecycline-based combinations are most often 
deployed as first-line therapy for treating DTR gram-negative 
infections. The emergence of resistance to polymyxin has 
already been documented in India, however, the resistance 
rate seems to be <10%.12 For Acinetobacter spp., neither CLSI 
and European Committee on Antimicrobial Susceptibility 
Testing (EUCAST) has defined the susceptibility breakpoints 
for tigecycline. Against carbapenem-resistant A. baumannii, 
the MIC90 of tigecycline is 8 mg/L; this elevated MIC could 
be due to the presence of multidrug-resistant efflux pumps.13 
Minocycline retains its activity against 57% of carbapenem-

Table 1: Carbapenem resistance rates reported by the national AMR surveillance studies for the year 2022, from India
% of cephalosporin-resistant gram negative pathogens

E. coli K. pneumoniae P. aeruginosa A. baumannii
ICMR 81 81 41 91
NARS-Net 76 83 44 73

% of carbapenem resistance in gram negative pathogens
E. coli K. pneumoniae P. aeruginosa A. baumannii

ICMR 30 56 36 86
NARS-Net 35 47 27 59

% of colistin resistance in gram negative pathogens
E. coli K. pneumoniae P. aeruginosa A. baumannii

ICMR 3 6 3 5
NARS-Net 0 < 1 (0.4) < 1 (0.1) < 1 (0.4)
AMR: Antimicrobial resistance, ICMR: Indian Council of Medical Research, NARS: National Antimicrobial Resistance Surveillance Network (NARS-Net 
India)
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resistant A. baumannii with a MIC90 of 16 mg/L.13 Despite 
active treatment, carbapenem-resistant A. baumannii has 
been reported to be associated with 40% mortality.14

Among the recent Food and Drug Administration-approved 
beta-lactam OR beta-lactamase inhibitors, only ceftazidime/
avibactam has been approved for clinical use in India. 
Ceftazidime/avibactam offers broad spectrum of coverage 
against ESBL, ampCs, and carbapenemases such as OXA-
48-like and KPCs, but lacks activity against metallo-beta-
lactamase producers, including NDM.15 In Indian scenario, 
almost all the NDM-producing E. coli (>95%) and dual NDM/
OXA-48-like-producing K. pneumoniae isolates (at least 60%) 
are completely resistant to ceftazidime/avibactam.16 This 
suggests that ceftazidime/avibactam is a reasonable alternative 
to standard therapy only for the treatment of infections caused 
exclusively by OXA-48-like-producing Enterobacterales.

The only NDM-active β-lactam treatment option available 
in India is the combination of ceftazidime/avibactam plus 
aztreonam and is viewed as a “rescue therapy” for serious NDM 
infections.17,18 This triple combination evades the activity of 
NDM enzymes as well as several other β-lactamase enzymes 
commonly co-produced with NDMs. More specifically, 
aztreonam is able to withstand hydrolysis from NDM 
enzymes. The β-lactamase inhibitor avibactam inactivates 
co-produced serine β-lactamases, enabling aztreonam to 
bypass hydrolysis from these enzymes and to safely reach its 
site of activity, penicillin-binding protein 3 (PBP3). However, 
susceptibility estimates of NDM-producing Enterobacterales 
to the combination of ceftazidime/avibactam with aztreonam 
are unclear, given the heterogeneity of susceptibility testing 
methods used for testing this combination.17 Recently, there 
have been reports showing the presence of novel four-
amino-acid inserts (YRIN/YRIK) in E. coli PBP3, which is a 
worrisome phenomenon.19 PBP3 is a primary target for many 
beta-lactams, these four amino acid inserts reduce the affinity 
of PBP3 against beta-lactams such as aztreonam, ceftazidime, 
ceftolozane, and piperacillin.19 Moreover, PBP3 mutants 
in conjunction with NDM in E. coli can confer resistance 
to ceftazidime/avibactam with aztreonam combination.16 
It is expected that in the future, cefiderocol, aztreonam/
avibactam, and cefepime/taniborbactam will be available in 
India as NDM-targeted treatment options. Cefiderocol is a 
siderophore-conjugated cephalosporin with activity against 
NDM-producing Enterobacterales. PBP3 is also a site of 
action of cefiderocol, and therefore PBP3 inserts in E. coli 
have the ability to compromise the activity of cefiderocol. 
Analysis of PBP3 for the presence of 4-amino-acid insertions 
among E. coli isolates revealed an overwhelming proportion 
of isolates (97%) harbored the inserts. Cefiderocol showed 
limited activity against E. coli isolates cocarrying NDM with 
PBP3 inserts, with only 39.3% being susceptible (Dr Balaji V 
unpublished data). Compared to E. coli, cefiderocol exhibited 

an improved activity against NDM and/or OXA-48-like-
producing K. pneumoniae, and 80% were susceptible (Dr 
Balaji V unpublished data). The activity of cefiderocol against 
the NDM producers was lower compared to KPC and OXA-
48-like producers. The vulnerability of cefiderocol to NDM 
producers was likely due to a combination of the resistance 
mechanisms, namely, i) PBP3 insert, ii) truncated iron-
binding protein, cir A, and iii) a CMY gene.20

Resistance to aztreonam/avibactam is increasingly being 
reported in E. coli isolates co-harboring PBP3 inserts with 
NDM.19 It seems that the combination of two resistance 
mechanisms, NDM and PBP3 inserts in E. coli, leads to a 
significant compromise in the activity of aztreonam/avibactam 
through an incremental increase in their MICs in nearly 33% 
of the isolates.16 Finally, the presence of the CMY-42 variant in 
the background of resistance mechanisms such as NDM and 
PBP3 inserts has been linked to elevated MICs and confers 
frank resistance to aztreonam/avibactam.21 This is plausible as 
alterations in PBP3 reduce the amount of aztreonam reaching 
its target, making it vulnerable to hydrolysis from CMY 
enzymes. Among NDM-producing K. pneumoniae, almost 
all isolates are highly susceptible to aztreonam/avibactam, as 
PBP3 insert has not been reported in K. pneumoniae.16

In the series of beta-lactamase inhibitors, taniborbactam is 
shown to inhibit all four Ambler class A, B, C, and D enzymes 
(except IMP), and its combination with cefepime has recently 
completed a registrational Phase 3 trial. Analysis of cefepime/
taniborbactam activity based on MICs revealed excellent 
activity against isolates expressing OXA-48-like producers and 
suboptimal activity for isolates producing NDM alone or NDM 
with OXA-48-like. Against NDM-producing E. coli isolates, 
susceptibility to cefepime/taniborbactam is only 12.3%.16 On 
the other hand, improved activity of cefepime/taniborbactam 
against NDM-producing K. pneumoniae with 74.5% inhibition 
is observed.16 The presence of NDM with four amino-acid 
inserts in PBP3 of E. coli leads to a significant compromise 
in cefepime/taniborbactam activity.16 In K. pneumoniae, it 
is believed that the poor activity of cefepime/taniborbactam 
against such isolates could be linked with impermeability.

Cefepime/zidebactam is a beta-lactam/beta-lactam enhancer 
combination in Phase III clinical development. Cefepime 
(binds with PBP1a, 1b and PBP3) and zidebactam (binds 
with PBP2) have been reported to concurrently inactivate 
multiple PBPs, thereby triggering synergistic and pleiotropic 
bactericidal action that is independent of beta-lactamase 
inhibition. Cefepime/zidebactam potently inhibited all NDM-
producing E. coli at MIC of ≤ 2 mg/L and NDM-producing K. 
pneumoniae at ≤8 mg/L.16 Importantly, cefepime/zidebactam 
readily overcomes the challenge of NDM plus PBP3 amino 
acid inserts in E. coli, which is attributed to zidebactam’s 
PBP2-binding-mediated beta-lactam-enhancer action.
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Preexisting resistance mechanisms to cefiderocol, aztreonam/
avibactam, and cefepime/taniborbactam even before their 
approval for clinical use in India are of great concern. As 
India has been witnessing a dominance of NDM among 
Enterobacterales, clinicians are desperately looking for 
safer and more effective substitutes for polymyxins that are 
currently considered salvage therapies. The aforementioned 
evidence indicates that cefiderocol, aztreonam/avibactam, and 
cefepime/taniborbactam may not be able to comprehensively 
address the challenge of NDMs, and there is a continued need 
for novel options to ensure coverage of NDM-producing 
Enterobacterales.

Gram-positive pathogens

In Staphylococcus aureus, > 40% of isolates are identified as 
MRSA [Table 2]. The incidence of MRSA is higher in ICUs 
(50%), compared to wards (47%) and OPD clinics (40%). 
There is an incremental increase in the trend of MRSA 
from 33% in 2017 to 44.5% in 2022.2 Erythromycin (24% vs 
51%) and clindamycin (64% vs 83%) were substantially less 
active against MRSA than against MSSA isolates.2,3 Inducible 
clindamycin resistance is conferred through the acquisition of 
either ermA or ermC gene. In Indian S. aureus isolates, ermC 
(67%) was predominant while ermA (33%) was also found.22 
Fluroquinolones had no activity against both MSSA and 
MRSA isolates. The heteroresistant vancomycin intermediate 
S. aureus has been reported in 12% of MRSA isolates causing 
bloodstream infections.23,24 Genome sequencing of hVISA 
isolates revealed multiple mutations in the two component 
systems in vraSR, graSR, and tcaRAB. 23 Vancomycin or 
daptomycin insusceptible S. aureus has not yet been reported 
in India. However, phenotypic resistance to linezolid is 
documented in both MRSA (2%) and MSSA (<1%) isolates, 
though these isolates are not studied further for the molecular 
resistance mechanism.2

Among Enterococcus spp., E. faecium (52%) is more common 
than E. faecalis (48%).2,3 Resistance to ampicillin (85% vs %24) 
and high-level gentamicin (64% vs 42%) is generally higher 
in E. faecium compared to E. faecalis.2 Similarly, resistance 
to vancomycin is five times higher in E. faecium (27%) than 
E. faecalis (5%) [Table 2]. Vancomycin resistance–encoding 
gene, vanA, is identified in >99% of Vancomycin resistant 
enterococci (VRE) isolates. In the past 6 years, the proportion 
of E. faecium and E. faecalis isolates resistant to vancomycin 
has substantially increased. In addition, resistance to linezolid 
is identified in 6% of E. faecium and 2% of E. faecalis isolates.2,3

Interestingly, Tn1546-like element carrying vanA gene on a 
novel linear plasmid has been reported.25 These linear plasmids 
are smaller in size compared to the circular plasmids, which 
facilitate rapid dissemination of vancomycin resistance in 
Enterococcus spp. The dual resistance mechanism of G2592T 

mutation in the 23S rRNA and acquisition of plasmid-
meditated optrA conferring linezolid resistance have been 
reported in E. faecium.26 The novel plasmid (pVB3025_2) co-
carrying vancomycin and linezolid-resistance determinants 
highlight the threat for potential dissemination.

Table 2: Prevalence of MRSA and VRE reported by ICMR and 
NARS-Net
Resistant pathogens % reported by 

ICMR
% reported by 

NARS-Net
MRSA 44.5 59%
Vancomycin resistant
E. faecium

27% -

Vancomycin resistant
E. faecalis

5% -

VRE - 13%
MRSA: Methicillin resistant staphylococcus aureus; VRE: Vancomycin 
resistant enterococci; NARS: National Antimicrobial Resistance 
Surveillance Network (NARS-Net India), ICMR: Indian Council of 
Medical Research.

(b) Antifungal resistance in India

Antifungal resistance is steadily increasing in India, as is being 
observed worldwide. Of all fungal infections, Indian ICUs 
report an overall incidence of invasive candidiasis at 6.51 
cases/1000 ICU admissions.27,28 Among different Candida 
species, azole and multidrug resistance are reported in 11.8 
and 1.9% isolates, respectively, with significantly higher 
prevalence of resistant bugs such as C. auris and C. rugosa in 
public sector hospitals.27,28 Resistance rates of C. auris across 
Indian ICUs are 58.1% against fluconazole, 13.5% against 
amphotericin B, and 9.5% against caspofungin, the drug 
of choice for this species.29 In North India, this multidrug-
resistant yeast has even become the commonest species of 
Candida, causing candidemia in ICU settings.30 Indian studies 
have shown resistance in Candida species to fluconazole (3.3–
64%), amphotericin B (2.1–9%), voriconazole (2.4–44%), 
itraconazole (1.2–69%), and echinocandins (1.7–6.2%).31 
These are mostly reported in C. parapsilosis (fluconazole 
32%); C. krusei (voriconazole 1.9%); C. glabrata, C. 
guilliermondii, C. tropicalis, and C. krusei (amphotericin B, 
up to 4.9%); and C. tropicalis, C. albicans, C. glabrata, and C. 
krusei (echinocandin, 6.2%).31,32

Among the mold infections, dermatophytes are notorious 
for the emergence of antifungal drug resistance in 
India. Resistance to terbinafine, the drug of choice for 
dermatophytosis, has become epidemic with development 
of atypical, widespread lesions and recalcitrant disease.33–36 
Recurrent dermatophytosis ranges from 9–60% of the cases, 
with predominance of infection by T. interdigitale (66.1%) 
and T. rubrum (26.3%).36,37 Higher terbinafine resistance 
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(18–61%) is noted in T. interdigitale (17–76%) and T. rubrum 
(17.3%).37–39 Various mutations responsible for terbinafine 
resistance are reported from Indian isolates, Phe397Leu, 
Ser395Pro/Ala448Thr, Leu335Phe/ Ala448Thr, Ser443Pro, 
Leu393Ser, and His440Tyr.39 Fluconazole resistance is noted 
at nearly 35–39.5%.37,38 No response to griseofulvin has also 
been noted with higher MICs to the drug.37,40 This is attributed 
to the rampant use of over-the-counter topical creams having 
steroids in addition to antifungals and antibiotics. Moreover, 
this has probably led to the emergence of a virulent species, 
T. indotineae in India, where animal reservoirs of this agent 
and lack of infection control are considered as challenges, 
which require One Health approach to tackle the situation. 
Higher MICs of T. mentagrophytes as compared to T. rubrum 
have been noticed in various Indian studies.36 The correlation 
between clinical resistance and higher MICs has also been 
noted in T. rubrum isolates.41

Invasive mold infections are reported at an incidence of 9.5 
cases/1000 ICU admissions, with invasive aspergillosis and 
invasive mucormycosis being predominant infections.42 
Azole resistance in A. fumigatus, which is quite high in 
Europe (>20%), is low in India (1.5–2%).43 This could 
possibly be due to under reporting or lower use of long-term 
azole therapy or non-azole fungicides. However, molecular-
based study directly from respiratory samples detected azole-
resistant mutations in 59% patients with chronic pulmonary 
aspergillosis (CPA) and 43% allergic bronchopulmonary 
aspergillosis (ABPA).44 Similar mutations have been reported 
in 7% of environmental samples in India.44 A country-wide 
analysis is required to determine the exact prevalence of azole 
resistance in Aspergillus.

GAPS AND CHALLENGES IN ADDRESSING 
ANTIMICROBIAL RESISTANCE
Antimicrobial resistance has established itself as one of the major 
global public health threats and in particular is at a grim scenario 
in India. In 2019, AMR was found to be directly responsible for 
1.27 million global deaths and 4.95 million associated deaths. 
Various stakeholders have addressed AMR, however several 
gaps and challenges persist, which are as follows:

Overuse and misuse of antibiotics

Widespread overuse and misuse of antibiotics in human 
health, agriculture, and veterinary practices (driven by lack 
of awareness or negligence) contribute to the acceleration 
of AMR. In many regions, antibiotics are easily accessible 
without a prescription, leading to inappropriate usage.

Inadequate infection prevention and control

Weak infection prevention and control measures in healthcare 
facilities (due to inadequate training, infrastructure and 

implementation) facilitate the spread of antibiotic-resistant 
pathogens. Poor hygiene practices, inadequate sanitation, and 
insufficient access to clean water exacerbate the problem.

Limited new drug development and alternative  
therapies

There is a scarcity of new antimicrobial drugs in the pipeline. 
Pharmaceutical companies often find it economically unviable 
to invest in research and development for new antibiotics due 
to low profitability compared to chronic disease medications. 
The world faces an antibiotics pipeline crisis. There is 
inadequate research to generate a robust antibiotic pipeline 
in the face of rising levels of resistance, and there is also an 
urgent need for additional measures to ensure equitable access 
to new and existing vaccines, diagnostics, and medicines.

Lack of real-time and high-quality surveillance data

Many existing surveillance systems suffer from delays in data 
reporting and analysis, leading to a lag in identifying emerging 
resistance trends and implementing timely interventions. This 
issue is particularly pronounced in low- and middle-income 
countries, where robust surveillance infrastructure, standard 
protocols, and data-sharing capabilities are lacking.

Global coordination

AMR is a transnational issue requiring global cooperation, 
however, coordination among countries is often lacking. 
Fragmentation in policies, regulations, and standards hinders 
collective action against AMR. The Global Antimicrobial 
Resistance Surveillance System (GLASS) study aimed to 
standardize data collection, analysis, and monitoring of AMR 
on a global scale. However, it highlighted the stark scarcity of 
data from resource-limited settings. Constraints such as limited 
laboratory capacity, inadequate infrastructure, and funding 
shortages severely hamper their ability to effectively collect, 
analyze, and report AMR data. Furthermore, funds to fight AMR 
are not available proportionate to the severity of AMR problem.

Lack of public awareness

Low awareness among the general public, healthcare providers, 
and policymakers about the seriousness of AMR and the 
actions needed to mitigate it remains a challenge. Effective 
communication strategies are needed to increase awareness 
and promote responsible antimicrobial use. More importantly, 
AMR has not found its due weightage in political discussions.

Lack of trained manpower

The shortage of skilled personnel undermines the effectiveness 
of surveillance efforts and hampers the ability to detect, 
monitor, and respond to emerging threats of antimicrobial 
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resistance. Insufficient access to training programs 
and continuing education opportunities for healthcare 
professionals in resource-limited settings limits their capacity 
to conduct AMR surveillance activities. Without adequately 
trained professionals, there is a risk of inaccurate data 
collection, suboptimal laboratory testing, and inadequate 
analysis and interpretation of surveillance data.

Lack of well-equipped laboratories

Many lower and middle income countries (LMICs) lack 
well-equipped laboratories with trained personnel capable 
of conducting accurate and comprehensive AMR testing. 
This leads to incomplete or unreliable data on AMR patterns 
and trends, hindering the ability to effectively monitor and 
respond to antimicrobial resistance.

Lack of preparedness for outbreaks 

Inadequate planning and resources devoted to AMR 
surveillance limit the ability to detect and respond to outbreaks 
of antimicrobial-resistant infections effectively. Without 
robust surveillance systems in place, there is a risk of delayed 
detection and response to emerging AMR threats, leading to 
increased morbidity, mortality, and healthcare costs.

Nonavailability of antifungal resistance testing

Access to reliable and standardized antifungal susceptibility 
testing methods remains limited. The emergence of multidrug-
resistant Candida auris, terbinafine-resistant dermatophytes, 
and azole-resistant Aspergillus fumigatus highlights significant 
challenges in fungal infection management. These challenges 
require concerted efforts to raise awareness about fungal 
infections, improve training and education in mycology, and 
expand access to diagnostic mycology services.

Economic impacts

In addition to death and disability, AMR has significant 
economic costs. The World Bank estimates that AMR could 
result in US$ 1 trillion additional healthcare costs by 2050, 
and US$ 1 trillion to US$ 3.4 trillion gross domestic product 
(GDP) losses per year by 2030. Governments should step up 
to compensate the economic the economic impacts of AMR.

Addressing AMR requires a coordinated effort involving 
governments, healthcare professionals, researchers, 
pharmaceutical companies, and the public. Multisectorial 
collaboration, sustained investments in research and 
development, strengthened surveillance systems, and robust 
AMSP are essential for combating AMR and preserving the 
effectiveness of available antimicrobial drugs for future 
generations.

Lack of livestock AMR surveillance data

There is concerningly limited data on AMR’s quantitative 
impact on current livestock production, which is mainly due to 
a lack of AMR surveillance and comprehensive data collection. 
The intergovernmental public health systems that track cases 
of resistance in humans offer little data on AMR in livestock, 
leaving a glaring gap in knowledge. Most imperatively, livestock 
AMR data deposits do not identify how these hotspots translate 
to financial and production loss; so, we are likely significantly 
underestimating AMR’s current and future consequences. 
Without a true understanding of the present impact of AMR 
on animals, efforts to establish effective preventative measures 
to mitigate future impacts are stifled.

Implementation of NAP-AMR

Implementation remains fragmented and siloed, and greater 
political commitment and investment is needed. Marked 
gaps and variability in maturity of NAP development and 
operationalization across the domains of: i) policy and strategic 
planning; ii) medicines management and prescribing systems; 
iii) technology for optimized antimicrobial prescribing; iv) 
context, culture, and behaviors; v) operational delivery and 
monitoring; and vi) patient and public engagement and 
involvement; and vii) violations in the existing government 
laws and enforcements were seen. Further, there is a lack 
of financial allocation across states, and poor enforcement 
and inadequate multisectoral coordination have hampered 
progress. Implementation and enforcement of Schedule H1 
have lagged far behind and have not resulted in reductions 
of nonprescription, over the counter (OTC) antibiotic use 
owing to poor regulatory enforcement by drug inspectors as 
well as limited capacity.

The gaps, actionability and impact have been summarized in  
the Table 2a below.

INTERVENTION STRATEGIES FOR CONTROL 
OF ANTIMICROBIAL RESISTANCE
1. General recommendation

Escalating resistance to antibiotics, including the most potent 
and last-line agents, is an urgent threat to global public health. 
The roots of AMR are multifactorial [Table 3]; the emergence 
of resistant strains has quickly followed the introduction of 
almost every new antibiotic, beginning with penicillin and 
continuing to the newest additions, ceftazidime/avibactam, 
ceftolozane/tazobactam, imipenem/relebactam, meropenem/
vaborbactam, and cefiderocol.45 Arguably, the largest 
contributor to AMR is the increase in antibiotic prescribing. 
From 2010 to 2015, global consumption of antibiotics 
increased by 65%.46 In addition, climate change is expected 
to increase water- and vector-borne febrile illnesses, resulting 
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Table 3: Factors contributing to antimicrobial resistance
Microbial factors
•	 New resistance patterns continue to emerge
•	 Resistance genes on the rise, best control strategies remain 

unknown
•	 Transformation by highly fragmented and damaged DNA, 

environmental cleaning implications
•	 Climate changes leading to higher bacterial load in 

environment and higher rates of transmission
Antimicrobial factors
•	 Dry drug pipeline, disincentives for antibiotic innovation
•	 Lack of vaccines or other antibiotic alternatives for drug-

resistant pathogens
Human factors
•	 Increase in high-risk patient populations
•	 Inappropriate prescribing and overuse of broad-spectrum 

antibiotics
•	 Inadequate adherence to best infection control practices
•	 Antibiotic overuse other than medical in veterinary, 

agriculture, aquaculture, and animal feeds
•	 Poor human and agricultural sanitation
•	 Highly mobile individuals and populations
Diagnostics and surveillance
•	 Inadequate diagnostics and laboratory infrastructure at all 

healthcare facilities
•	 Lack of standardized sequencing and bioinformatics 

protocols
•	 Insufficient standard-of-care genotyping methods

in increased antibiotic exposure from empirical therapy. 
There are numerous opportunities for straightforward 
interventions formulated for the containment of AMR [Table 
4].47 Interventions to deal with AMR, from simple actions 
to complex ones, from regulatory to behavioral approaches, 
and from strategies focusing on infection prevention to those 
focusing on responsible use of antimicrobials, are crucial to 
consolidate an evidence-based approach to the challenge.48,49

2. Interventions for policymakers

Expedited implementation of national action plan on 
antimicrobial resistance (NAP-AMR) 2.0

The Government of India has formulated a national action 
plan (NAP) to tackle AMR (NAP- AMR), largely modeled on 

the World Health Organization (WHO) global action plan on 
AMR [Figure 1].50 The 5-year NAP-AMR has been established 
in three states or union territories, namely Kerala, Madhya 
Pradesh, and Delhi;51 financial constraints have also impeded 
further implementation efforts. The six strategic priorities of 
the NAP-AMR include:

•	 Improving awareness and understanding of AMR through 
effective communication, education, and training

•	 Strengthening knowledge and evidence through 
surveillance

•	 Reducing the incidence of infection through effective 
infection prevention and control

•	 Optimizing the use of antimicrobial agents in health, 
animals, and food

•	 Promoting investments for AMR activities, research, 
and innovations, and strengthening India’s international, 
national, and state-level collaboration and leadership on 
AMR

First, the plan relies heavily on individual knowledge, attitudes, 
and practice (KAP) surveys across the general population 
and on behavioral studies. Second, the indicators in the plan 
rely heavily on training, guidelines, and behavior change 
interventions with prescribers (doctors, nurses, pharmacists, 

Table 2a: The gaps, actionability and impact to implement NAP-
AMR (+++ means high, + low, ++ in between)
Gaps Actionability Impact

Institutional Noninstitutional
Overuse/misuse of 
antibiotics

+++ + +++

Inadequate 
infection 
prevention & 
control (IPC)

+++ + +++

Lack of stewardship 
(diagnosis, therapy)

+++ + +++

Lack of rapid 
diagnostics

++ ++ ++

Education ++ + +++
Lack of trained 
manpower

+++ ++ +++

Lack of well-
equipped 
laboratories

+++ ++ +++

Delay in availability 
of newer antibiotics

++ + +++

Lack of real-time 
quality surveillance

++ + ++

Lack of public 
awareness

+ + ++

Economic impacts +++ + +
Global 
coordination

++

Lack of prepared
ness for outbreaks

- - +

New drug 
development

- - +

“+++” very serious concern exist, “++” serious concern exist, “+” concern 
exist, NAP: National action plan, AMR: Antimicrobial resistance.
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Table 4: Areas and actions for monitoring and reducing antibiotic 
use
Minimize overdiagnosis
•	 Urine cultures: follow guidelines, do not culture for change 

in urine character, recognizing bacterial colonization of 
lower urinary tract can be common and benign

•	 Clostridium difficile testing: follow guidelines, once positive, 
do not repeat, do not test for cure, recognize testing cannot 
distinguish colonization from active infection

•	 Pharyngitis treatment: acknowledge that most is viral in 
origin, Streptococcus is likely and antibiotics recommended 
only if Centor score >1

•	 Not performing pan cultures or “fever panels” reflexively, 
investigate sources on the basis of clinical symptoms

•	 Discourage or remove tests that have suboptimal sensitivity 
and specificity and are not recommended by WHO for 
diagnosis eg Widal test for enteric fever and Weil-Felix test 
for rickettsial infections

Minimize overuse
•	 Do not treat upper respiratory infections with antibiotics
•	 Have low prescribers as role models for high-prescribing 

colleagues
•	 Confirm that the patient actually needs a discharge 

prescription for an antibiotic
•	 Prescribe shorter, guideline-based duration regimens for 

most infections
•	 Restrict surgical antibiotic prophylaxis to a maximum of 24 

hrs
Alternative
•	 A global/translational antibiotic stewardship strategy

among others) that have seen limited success in India. Though, 
the plan mentions the need for antimicrobial stewardship at 
different levels, it neither recognizes the diversity of outpatient 
care provision in India nor provides clear mechanisms to 
coordinate activities between the public and private sectors. 
For AMR surveillance, the NAP-AMR relies on a national 
network of laboratory-based surveillance at a few designated 
reference laboratories in tertiary care medical institutions.

ICMR has taken the initiative to address this gap by 
establishing antimicrobial resistance surveillance and 
research network (AMRSN) and implementing AMS 
programs in tertiary care hospitals.52 The data collected 
through these initiatives do not adequately reflect the 
comprehensive picture of AMR in the country, particularly 
from community healthcare settings. Limited standardized 
surveillance data make it even more challenging to monitor 
the extent and scope of AMR, and most of the data come 
from published studies of HAIs in inpatient settings, scoping 
reports, prospective studies, and point prevalence surveys 
at select, large hospitals. However, antibiotics are routinely 
prescribed for respiratory infections in primary care and 
outpatient settings both in the public and private sectors. 
It is also important to note that secondary care hospitals 
in India are not well equipped to document the patterns 
of local antibiograms and monitor antibiotic usage due to 
the absence of good clinical microbiology labs and skilled 
staff. From a clinician’s perspective in India, recent local 
susceptibility data would assist in the selection of empirical 
antibiotics for community-acquired infection management 
and to support rational choices when treating these bacterial 
infections. However, India-specific community-acquired 
pathogen AMR surveillance is lacking.53 Therefore, public 
education is vital, covering the misuse of antibiotics, such 
as not purchasing OTC antibiotics and also the need to 
complete the full course as prescribed by the physician.

ICMR has identified six nodal centers or each pathogenic 
group where the organisms with unusual resistance can be 
confirmed. This includes All India Institute of Medical Sciences, 
New Delhi, for typhoid fever; Christian Medical College and 
Hospital, Vellore, for non-fermenting gram-negative pathogens 
and diarrheal pathogens; Jawaharlal Institute of Postgraduate 
Medical Education and Research (JIPMER), Pondicherry, 
for gram-positive pathogens, Postgraduate Institute of 
Medical Education and Research (PGIMER), Chandigarh, 
for Enterobacterales and fungal pathogens; and the National 
Institute of Cholera and Enteric Diseases (NICED), Kolkata, 
for cholera and diarrheagenic pathogens.

Absolutely, the dynamic nature of AMR demands a flexible 
and a responsive approach to combat it effectively. Viewing 
the framework as a cyclical process allows for ongoing 
assessment, adaptation, and improvement in response to the 

Figure 1: National action plan for the containment of antimicrobial 
resistance (NAP-AMR).
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evolving challenges posed by AMR [Figure 2]. This iterative 
approach enables policymakers, healthcare professionals, and 
other stakeholders to continually refine and update NAPs on 
AMR in line with emerging evidence, changing patterns of 
resistance, and shifts in healthcare practices. By embracing 
this cyclical process, it would be helpful to address the 
multifaceted aspects of AMR and enhance the effectiveness 
of their strategies to preserve the efficacy of antimicrobial 
agents.

Recommendations for action

•	 Extend the current AMRSN to all tertiary care hospitals 
in the country, with at least one from each state.

•	 Start a separate AMRSN network or subcategory for 
secondary-level or district hospitals to better reflect 
resistance patterns at the community level.

•	 Start an AMRSN exclusively for community pathogens 
from outpatients with representation from each state 
(e.g., Streptococcus pneumoniae, Neisseria gonorrheae, 
community-acquired methicillin resistant staphylococcus 
aureus (CA-MRSA), Salmonella typhi and S. paratyphi).

Multisectoral engagement

The multifaceted complexities of AMR require consistent 
action, a multidisciplinary approach, and long-term political 
commitment. Multisectoral collaboration is the deliberate 
coordination of different stakeholder groups—such as 
government, civil society, the private sector, and sectors 
such as health, agriculture, trade, and education—and the 
environment to jointly achieve coordinated and effective 
action on AMR [Figure 3]. It includes horizontal collaboration 

Figure:2

Figure:3

Figure 2: An adapted conceptual framework for assessment of NAP-AMR. AMS: Antimicrobial 
stewardship, IPC: Infection prevention control, R & D: Research and diagnostics, NAP-AMR: National 
action plan on antimicrobial resistance.

Figure 3: Multisectoral collaboration can be both horizontal 
across sectors as well as vertical across levels to contain 
antimicrobial resistance (AMR).

across sectors and vertical collaboration across levels. Vertical 
collaboration, from local to global levels across sectors, and 
from on-the-ground practitioners to central policymakers 
within individual sectors, can be achieved through both top-
down and bottom-up approaches. Horizontal collaboration 
across different government departments and nongovernment 
stakeholders, can be supported through diverse activities, 
including knowledge-sharing platforms and multistakeholder 
forums. A formal, resourced administrative structure at a 
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level above the implementing ministries is generally required 
for strategic direction and oversight, however, in practice, 
there is no one-size-fits-all approach to AMR governance. In 
the long term, effective multisectoral collaboration requires 
governments to take ownership of the NAP implementation 
process and ensure it is appropriately resourced and given 
sufficient visibility to keep it a national priority.

In a tiered approach, different levels have different functions. 
At the top lies a high-level, multisectoral, decision-making 
body that sets the strategic direction and allocates resources. 
There should also be coordination at an operational level 
where those implementing interventions come together to 
ensure coherence. There should be operational-level, active, 
discrete units within ministries, civil society, and private 
sector partners responsible for implementing the activities 
listed in the NAP. Experience at the country level indicates 
that it is best to keep the top level relatively small, to prevent 
it from becoming unwieldy and unworkable. One option 
for keeping the top-level body lean and efficient is to ensure 
that its members are very well-connected and that they can 
effectively represent multiple stakeholder groups.

An “AMR champion” authority to work across sectors that 
galvanizes the interest of high-level policymakers at ICMR, 
NCDC, and department of biotechnology (DBT) triggers 
effective action to tackle AMR. Consistent engagement and 
information sharing between stakeholders working in the 
AMR space using available government platforms was critical 
in engaging and sustaining government leadership and 
commitment.

Recommendation for actions

•	 Identify and use champions and events to raise the profile 
of AMR and sustain its visibility on the political agenda

•	 Use local data on AMR to illustrate likely local and 
national impacts and convince key decision-makers of the 
need for action

•	 Use government platforms to share and promote AMR 
action

•	 Manage the risks of changes in leadership to ensure that 
AMR remains on the political agenda

•	 Support nongovernment multistakeholder working 
groups and forums to share information and resources

•	 Adopt a participatory approach that engages 
nongovernment stakeholders to develop a shared vision 
and commitment to tackle AMR

•	 Understand that AMR initiatives can build on existing 
programs and activities

•	 Leverage existing policies and plans to mainstream AMR 
and optimize resources

•	 Establish a clear system or structure for coordinating 
AMR action across all relevant national plans

Funding allocation

Currently, there is inadequate financial support available for 
the sustainable implementation of NAPs. Increased investment 
is urgently needed to support the delivery of NAPs. More 
financial support and incentives are required for effective 
and affordable innovations across all sectors and stakeholders 
(including the private sector) to secure a sustainable pipeline 
for new antimicrobials (particularly antibiotics), vaccines, 
diagnostics, waste management tools, and safe and effective 
alternatives to antimicrobials, and to ensure equitable access 
to them. The antimicrobial resistance multipartner trust fund 
(MPTF) combats the threat of antimicrobial drug resistance 
through strategic collaboration, sustainable streams of 
capital, and sustainable development goal-focused responses 
that support localized “One Health” NAPs. The studies by 
the Global AMR research and diagnostics (R&D) Hub to 
evaluate the scale of challenge of bringing the needed new 
antibiotics (and diagnostics) into the market in current 
economic conditions highlighted the astonishing mismatch 
between global patient needs and the commercial potential of 
products. The immediate adaptation of existing national health 
systems tools in combination with pull incentives was called 
for to support innovation and to ensure that the necessary 
new products are accessible to those with the greatest need 
around the world. The Biomedical Advanced Research and 
Development Authority (BARDA), since its launch in 2011, 
has provided $1.5 billion in funding. As of June 2021, BARDA’s 
portfolio includes 16 antibacterial programs to address drug-
resistant bacteria that the Centre for Disease Control and the 
WHO consider serious global threats.

Promoting vaccination to minimize infections

Preventing infections using vaccination reduces antibiotic 
use, which is one of the main drivers of AMR. There are 
vaccines available against three priority bacterial pathogens: 
pneumococcal disease (Streptococcus pneumoniae), 
Haemophilus influenzae type b (Hib), and Typhoid fever 
(Salmonella typhi).

Unfortunately, most vaccines developed against the main 
resistant pathogens are still under preclinical and clinical 
evaluation due to the complexity of pathogens and technical 
difficulties. Vaccines against these pathogens are unlikely to 
be available in the short term, and alternative interventions 
should be pursued urgently to prevent resistant infections 
due to priority bacterial pathogens. Vaccination also reduces 
carriage (colonization of an individual in the absence of 
disease) and shedding bacteria, thus limiting the spread of 
infections within a community (herd protection) [Figure 4]. 
It is vital to support the uptake of licensed vaccines by 
implementing the below strategies:
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•	 Enhance public awareness of the importance of 
vaccination in the fight against AMR to improve vaccine 
confidence, uptake, and coverage

•	 Improve human vaccination coverage in all age groups, 
with an emphasis of including adult immunization in 
national immunization plans (NIP) and implementing 
targeted vaccination of at-risk populations

•	 Align AMR NAPs with NIPs, and setting clear and defined 
vaccine uptake targets

•	 To develop surveillance systems to monitor the impact of 
both new and established vaccines on AMR

For instance, the introduction of a 13-valent conjugate 
pneumococcal vaccine has shown the impact of vaccination 
on the incidence of pneumococcal disease. Antibiotic-
resistant invasive pneumococcal disease declined in both 
vaccinated and unvaccinated populations.54 The effectiveness 
in reducing AMR has also been proven by vaccination against 
Hib. Before the introduction of the Hib conjugate vaccines, 
16.6% of all Hib strains worldwide were beta-lactamase 
positive which reduced the treatment options drastically. 
With the routine use of Hib conjugate vaccines, disease 
cases have dropped significantly together with the number 
of beta-lactamase-positive strains.55 Influenza vaccination 
has been demonstrated to reduce the use of antibiotics by 
64% in vaccinated individuals by reducing the incidence 
of disease and thereby reducing the number of associated 

Figure 4: Vaccines against antimicrobial-resistant pathogens could prevent or reduce life-threatening 
diseases and thus decrease health care costs, and also reduce the use of antibiotics (both first-line 
and second line drugs) with the potential of decreasing the emergence of AMR. If sufficient vaccine 
coverage is achieved in a population, indirect protection (herd immunity) further prevents spread 
of resistant strains. Decreased disease burden would also negate the need for antibiotics.

Figure:4

antimicrobial prescriptions.56 Notably, during the pandemic, 
antibiotics were used in 75% of the patients suffering from 
severe COVID-19, while only 15% of those patients actually 
developed bacterial superinfections.57 There are 11 vaccines 
aiming to address AMR in the vaccine pipelines, targeting 
six high-threat microorganisms, at different stages of clinical 
development [Table 5].58

The action framework describes a vision for vaccines to 
contribute fully, sustainably, and equitably to the prevention 
and control of AMR and identifies a series of priority 
actions to be taken by different stakeholders in the fields of 
immunization and AMR.59 It focuses on three areas:

•	 Expanding the use of licensed vaccines to maximize 
impact on AMR

•	 Developing new vaccines that contribute to the prevention 
and control of AMR

•	 Expanding and sharing knowledge on the impact of 
vaccines on AMR

Recommendations for action:

•	 Promoting the NIP and improving implementation to 
reach close to 100% of the childhood population.

•	 Adding to the NIP vaccines that are efficacious but not 
currently part of the NIP or not uniformly used across the 
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Table 5: Vaccines under development tackling antimicrobial 
resistance (AMR)
Micro
organism

Number 
of 
vaccines 
in the 
pipeline

Status Trial 
population

Technology 
Platform

C. difficile 3 Phase I, 
II, III

Adults Toxoid 
vaccine
Protein 
subunit

E. coli 
(ExPEC)

1 Phase III Adults Glyco
conjugate 
vaccine

K. 
pneumoniae

1 Phase I Adults Glyco
conjugate 
vaccine

Shigella spp. 1 Phase II Paediatric,
Adults

Glyco
conjugate 
vaccine

S. aureus 1 Phase II Adults Glyco
conjugate 
vaccine

country (e.g., conjugated pneumococcal and conjugated 
typhoid vaccines)

•	 Initiating a National Adult Immunization Program for 
high risk individuals (age > 65, younger persons with 
comorbidities), starting with influenza and pneumococcal 
vaccines.

Mandatory notification of priority pathogens

The multidrug-resistant (MDR) pathogens should be listed 
and considered for mandatory notification (isolate needs to be 
sent to and confirmed as resistant at reference lab). Recently, 
in 2024, the WHO has revised the priority pathogen list, for 
which new antibiotics are urgently needed. This includes 
the critical group (carbapenem-resistant A. baumannii), 
carbapenem-resistant Enterobacterales, third-generation 
cephalosporin-resistant Enterobacterales), high priority group 
(fluroquinolone-resistant S. typhi, fluroquinolone-resistant 
Shigella spp., fluroquinolone-resistant non-typhopidal 
Salmonella, carbapenem-resistant P. aeruginosa, third-
generation and/or fluroquinolone-resistant N. gonorrhoeae, 
MRSA), and medium priority group (Group A Streptococci, 
macrolide-resistant S. pneumoniae, ampicillin-resistant H. 
influenzae, and penicillin-resistant Group B Streptococci). 
Sending alerts mainly focusing on the critical and high priority 
group of pathogens would be helpful for infection control and 
to promote antimicrobial stewardship (ASP) practices.

•	 Carbapenem- and colistin-resistant E. coli, K. pneumoniae, 
A. baumannii, and P. aeruginosa

•	 E. coli with presumed PBP insert showing resistance to 
the triple combination of ceftazidime–avibactam plus 
aztreonam

•	 Vancomycin nonsusceptible or resistant Staphylococcus 
aureus

•	 Penicillin- and cephalosporin-resistant Streptococcus 
pneumoniae using cerebrospinal fluid breakpoints

•	 Third-generation cephalosporins and azithromycin-
resistant Salmonella typhi and S. paratyphi

•	 Cephalosporin- and fluoroquinolone-resistant Neisseria 
gonorrheae

•	 Penicillin-resistant Neisseria meningitidis
•	 Echinocandin-resistant Candida auris
•	 Aspergillus species resistant to voriconazole

Recommendation for action:

•	 Reporting of the above-mentioned pathogens should be 
made mandatory on the part of the center from where it 
is isolated (after confirmation by a reference laboratory).

•	 Data on the incidence of these MDR pathogens, including 
spatial and temporal distribution, should be available on 
a national public website such as NCDC. Spatial and 
temporal distribution of pathogens provide evidences for 
public health emergency preparedness.

Public health interventions to improve AMR awareness

A large proportion of AMR infection is linked to community-
associated infections, suggesting that interventions set in 
community settings, including primary care, are urgently 
needed. When considering the community setting, emergence 
and amplification of AMR are driven by numerous factors 
such as the nonprudent use of antimicrobials, lack of access to 
clean water and poor sanitation, and limited access to quality 
therapeutics, vaccines, or diagnostics.59–61 Each of these AMR 
determinants has unique intricacies that require targeted 
interventions.

The Indian government has introduced “Red Line campaign” 
to improve awareness among the public and healthcare 
professionals about the importance of appropriate use of 
antibiotics.61,62 In this initiative, antibiotics and certain other 
prescription-only medicines had a bold red-colored line on the 
blister pack to indicate that these drugs were to be consumed 
only on the advice of qualified prescribers. However, this 
initiative limited success in regulating OTC antibiotic sales 
and in creating awareness about antibiotic misuse and overuse 
in the community.63 A study conducted in India showed 
that only 7% of healthcare professionals could describe 
the significance of the red line campaign and none among 
patients.63 General practitioners (GPs) play an essential role 
in national efforts to tackle AMR, as they prescribe the largest 
volume of antibiotics. By following best practice prescribing, 
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they can reduce the amount of antibiotics used and contribute 
to decreasing antibiotic resistance. Consequently, there is a 
need for educational activities among GPs to improve the 
rational use of antibiotics, building on current and planned 
activities by the Ministry of Health.

Patients presenting in primary care with respiratory, 
urinary, skin, or dental infections account for the majority 
of antibiotic prescriptions. It is, therefore, important that 
primary care physicians be kept well-informed of the AMR 
landscape and be conversant about the important measures 
by the government systems in controlling AMR. Also, 
it is important to strengthen antimicrobial stewardship 
strategies in the community by implementing and evaluating 
community interventions to tackle AMR. There have been 
many interventions targeted at clinicians, patients, and the 
public [Table 6]. The nonprudent or nonprescribed use of 
antibiotics is linked to knowledge, attitudes, and practices that 
may determine inappropriate prescribing, self-medication, 
and antibiotic use without prescription. Many of these are 
clearly linked to human behavior, which calls for a need to 
understand the types of efficient interventions. Clinicians 
should play an active role in the education of patients, 
informing of the risks of the acquisition of resistant bacteria.

Public education campaigns have shown to be effective in 
changing attitudes and knowledge regarding antibiotic use 
and resistance.64,65 Clinicians should support the education of 
patients regarding antibiotic use and resistance. They could 
use effective strategies, such as shared decision-making, 
to alert people of the actual risk of acquiring antibiotic-
resistant bacteria following antibiotic use. Patients need 
to stay informed and receive independent information on 
antibiotics, as better health literacy and a higher degree 
of knowledge and awareness about the appropriate use of 

antibiotics are associated with decreased consumption. Social 
media for health intervention has been widely used during 
the COVID-19 pandemic, which was found to be the fastest 
mode of communication for the distribution of preventive 
information and it could be efficiently be used for education, 
knowledge dissemination, and healthcare awareness.66 
However, social media in AMR public health interventions 
is not well explored and potentially underused. Intervention 
showing animated films and musical or theatre shows had a 
positive impact on the knowledge gained and attitudes of the 
participants.

Given the diagnostic challenges in outpatient settings, 
scaling-up use and access of point-of-care tests, such as 
C-reactive protein and procalcitonin, may reduce unnecessary 
antibiotic use.67 Improving microbiology support, 
continuous surveillance of antimicrobial resistance patterns, 
implementation of antibiotic policy at all levels of healthcare, 
continuous awareness generation among medical students 
regarding rational use of antibiotics, and regular prescription 
audits are some of the other widely recommended measures, 
all of which are seriously lacking in India.68

Recommendations for action

•	 A national education campaign for the public on 
the dangers of self-medication of antibiotics or their 
use without a prescription should be introduced in 
mainstream media, for example, newspapers and 
television as well as social media (e.g., similar to current 
campaigns to discourage tobacco)

•	 Ensure clean drinking water and improve sanitation and 
personal hygiene (including hand hygiene)

•	 Develop mechanisms to return unused antimicrobials 
from households for safe disposal

•	 Raise awareness of the role of vaccines in limiting the 
emergence of AMR and use of antibiotics

•	 Ensure the availability and affordability of preventative 
testing and counseling services for common infections

Promoting curriculum learning on antimicrobial resistance

Among health workers, a variety of factors can result in 
the misuse or overuse of antimicrobials, including a lack of 
knowledge or up-to-date information, inability to identify 
the type of infection, yielding to patient pressure to prescribe 
antibiotics, and a preponderance of situations that allow for 
financial benefit from the supply of antibiotics.69 Therefore, 
AMR education and training resources are crucial to support 
educators, decision-makers, and health policy planners in 
implementing effective policies to guide actions on AMR 
control. Implementation of AMR competency framework, 
which is matrix of the AMR domains, and health worker 

Table 6: Community interventions to optimize antibiotic-
prescribing and use
‐ Intervention Target
During the 
consultation

•	 Education
•	 Computerized decision support 

tools
•	 Educational meetings
•	 Audit and feedback
•	 Financial incentives
•	 Point-of-care tests (POCTs)

Clinician-
focused

•	 Enhanced communication 
training

•	 Shared-decision making
•	 Delayed prescribing strategies
•	 Patient educational materials

Clinician 
and 
patient- 
focused

Outside the 
consultation

National antibiotic awareness 
campaigns

Public
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categories and their competencies (the knowledge, skills and 
attitudes) is necessary to effectively address AMR in practice 
settings [Table 7].70 The framework adopts an interprofessional 
approach based on the principle that addressing AMR requires 
a shared understanding and an effective collaboration and 
communication among health workers. Given that a number 
of different health workers are involved in the sequence of 
events and scenarios leading to the prescription and use of 
antimicrobials, the categorization of health workers has 
been structured to reflect, in a comprehensive manner, the 
most significant roles impacting antimicrobial prescription 
and use. In India, the introduction of AMR education in 
pharmacy curricula showed potential benefit to take key role 
in antimicrobial stewardship, where postgraduate training 
for pharmacists remains limited.71 The following teaching 
methods or training techniques can be used to deliver the 
curricula depending on the learning objective, audience type, 
learning environment, and availability of technology.72

•	 Interactive lectures
•	 Interactive, small, group tutorials using problem-solving 

exercises and case-based learning, which encourage the 
trainee to present, analyze, and discuss

•	 By apprenticeship, learning by doing (as in in-service 
training and practical laboratory-based exercises)

•	 Role playing for preservice and in-service education
•	 Using e-learning modules such as massive open online 

courses and webinars
•	 Project-based learning with creation of project reports, 

strategic papers, and critical appraisal of the literature

Recommendations for action

•	 Antimicrobial resistance and strategies to address it should 
be included in the core curriculum at the MBBS level, 
preferably at the time Microbiology and Pharmacology 
subjects are taught.

•	 Re-education of postgraduates on antibiotic prescribing 
etiquette should be included in the curriculum to 
sustain the knowledge, perception, and attitude toward 

antibiotic resistance as well as proper antibiotic use and 
prescription. The re-education may be made mandatory 
during reregistration of doctors.

•	 Infectious Diseases and Microbiology departments need 
to be started in each state at all tertiary care hospitals and 
hospitals that conduct postgraduate training. AMR should 
be made part of the core curriculum for postgraduates in 
Medicine and Allied specialties and Microbiology.

•	 A minimum number of credit hours of continuing 
medical education on AMR should be introduced for the 
re-licensure of practicing physicians.

•	 A modified Miller’s pyramid [Figure 5] can be applied to 
rate the level of achievement of each individual learning 
point

3. Intervention strategies at regulatory level

Banning irrational fixed-dose combinations

Fixed-dose combination (FDC) definition as per WHO states 
that, a combination of at least two active ingredients in a 
fixed proportion of ratio. The FDCs are justified when they 
demonstrate clear benefits in terms of (a) potentiating the 
therapeutic efficacy; (b) reducing the incidence of an adverse 
effect of drugs; (c) having pharmacokinetic advantage; (d) 
better compliance by reducing the pill burden; (e) reducing the 
dose of individual drugs; and (f) decreasing the development 
of resistance. An FDC is described as irrational if these 
conditions are not met. As per the Rule 122E of the Drugs 
and Cosmetics Act 1940, the FDCs are considered as new 
drugs and the Central Drugs Standard Control Organization 
(CDSCO), after due examination of data on rationality, safety, 
and efficacy issues approval. Based on this, the State Licensing 
Authority (SLA) gives the manufacturing and marketing 
permission. Incidentally, in the past, SLAs issued the license 
to manufacture and market without asking for non-objection 
from CDSCO. Thus, the efficacy, safety, and rationality of 
such FDCs remain questionable. This “disconnect” between 
the CDSCO and SLAs has precipitated a roadblock in the 
action against irrational FDCs. The CDSCO, headed by the 

53  

Recommendations for action 

• AMR and strategies to address it should be included in the core curriculum 

at the MBBS level, preferably at the time Microbiology and Pharmacology 

are taught. 

• Re-education of postgraduates on antibiotic prescribing etiquette should 

be included in the curriculum to sustain the knowledge, perception, and 

attitude toward antibiotic resistance as well as proper antibiotic use and 

prescription. The re-education may be made mandatory during re- 

registration of the doctors. 

• Infectious Diseases and Microbiology departments need to be started in 

each state at all tertiary care hospitals and hospitals that conduct 

postgraduate training. AMR should be made part of the core curriculum for 

postgraduates in Medicine and allied specialities and Microbiology. 

• A minimum number of credit hours of CME on AMR should be introduced 

for re-licensure of practicing physicians. 

• A modified Miller’s pyramid (Fig 5) can be applied to rate the level of 

achievement of each individual learning point 
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Fig 5: Modified Miller’s pyramid to rate level of perceived output for each learning 

points 
Figure 5: Modified Miller’s pyramid to rate level of perceived output for each learning points. 
AMR: Antimicrobial resistance.
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Drugs Controller General of India, sought endorsement 
from infectious diseases physicians, microbiologists, and 
pharmacologists before FDC became available in the market. 
The Kokate Committee was constituted by the Ministry of 
Health and Family Welfare, Government of India, to critically 
assess the safety and efficacy for the approval of FDCs as 
rational or irrational.

Manufacturing and marketing of many FDCs play a crucial 
role in escalating AMR. India has a federal system of 
government, with drug regulatory functions divided between 
central and regional authorities.73 In particular, the WHO 
does not recommend the use of FDC in clinical practice.74 
Regional authorities (states and union territories) grant 
licenses for manufacturing, selling, and distributing drugs. 
Before manufacturing, licenses for new drugs can be granted, 
however, manufacturers must obtain prior approval from 
the central regulatory authority, the Central Drugs Standard 
Control Organization headed by the Drugs Controller 
General of India (DCGI), for a period of 4 years. FDCs are a 
hallmark of the Indian drug market. It is estimated that 68% 
of FDCs containing antimicrobials on the Indian market have 
not been approved by the central drug regulator.75 During 
2011–2012, the sale of FDC antibiotics in India consisted 
of 499 million units containing key access antibiotics, 367 
million units containing watch group antibiotics, 3 million 
units containing reserve group antibiotics, and 3 million 
units containing uncategorized antibiotics.76 The central 
government has responded with several measures to 
control unapproved FDCs, which include the prohibition of 
manufacturing, distribution, and sales of some FDCs. In 2016, 
the government issued an official notification banning many 
FDCs that had been licensed for the manufacturer without 
prior approval from DCGI, following the recommendations 
of an ad hoc technical assessment of the Kokate Committee 
set up by the Ministry of Health and Family Welfare.77–80

Recommendations for action:

•	 A list of irrational FDCs based on the WHO recommen-
dations should be drawn up, and all such FDCs should be 
banned from the market.

•	 Both the central and state regulators must harmonize 
their procedures for licensing FDCs, and the enforcement 
mechanism needs to be strengthened

•	 No future antibiotic FDC should be licensed without 
approval from an appropriate central expert committee

Restricting over-the-counter sales of antibiotics

Over-the-counter (OTC) sales of antibiotics is a common 
practice. Nearly 52% of Indians were estimated to self-
medicate themselves, due to lack of time and to avoid doctors’ 

fees.81,82 Both access and watch groups of antibiotics are often 
dispensed for viral and self-limiting conditions, including 
fever, cold, cough, and sore throat.83 In India, the sale of 
antibiotics is regulated by introducing Schedule H1 under 
the Drugs and Cosmetics rules 1945, to mitigate AMR.84 This 
initiative tightens the restrictions on the sales of prescription-
only medicines, listed in and covered by Schedule H1 of the 
Drugs and Cosmetics Rules. Currently, 46 drugs have been 
placed under this restricted category, which mainly comprises 
third- and fourth-generation cephalosporins, carbapenems, 
newer fluoroquinolones and first- and second-line 
antitubercular drugs. The packaging of these drugs will have 
a mandatory Schedule H1 warning printed on the label in a 
box with a red border and the Rx symbol in red. For Schedule 
H1 drugs, pharmacists are required to maintain a separate 
register for their sales and retain prescription copies.74 This 
act is implemented mainly to avoid OTC sales of antibiotics 
without a valid prescription or to prevent pharmacists from 
dispensing antibiotics on their advice to the patient. However, 
initiatives led by the government have found limited success 
in regulating OTC antibiotic sales.

Financial and resource constraints may have contributed to 
inadequate awareness and suboptimal implementation of 
regulations planned by the government. Alternatively, in the 
community, OTC sales can be limited by raising the bar for 
any antibiotic to a higher schedule, the current Schedule H1 
included only a few drugs and also with poor implementation. 
For example, the complete banning of sedatives in OTC that 
makes it difficult to access.

To address issue of OTC sale of antibiotics, multifaceted 
strategies are needed, extending beyond administrative or 
regulatory measures. Moreover, dispensing practices should 
be better regulated, at least limiting the use of antibiotics to 
those belonging to the access group. We believe there is an 
urgent need to foster a proactive attitude among pharmacists 
through a combination of educational interventions within 
the community pharmacy sector and increased awareness 
campaigns targeting proper antimicrobial use among the 
general population.

Recommendations for action:

•	 All antibiotics in the WHO watch and restricted categories 
need to be placed in schedule H1 and should be dispensed 
strictly with a doctor’s prescription only. Safeguards to 
prevent inappropriate or OTC use that currently exist for 
sedatives and narcotics need to be extended to all drugs in 
schedule H1.

Fast-track approval for new antibiotics

In India, many patients lack access to newer antibiotics and are 
challenged by poor economic incentives, regulatory hurdles, 
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and poor health infrastructure. There was a significant lag 
between India and other developed nations in accessing the 
Food and Drug Administration, United States-approved new 
antibiotics.85 Fast Track speeds the development and review 
of new antibiotics by increasing the level of communication 
between DCGI and drug developers [Figure 6]. In 2019, to 
fulfill the objective of fast-tracking the accessibility of new 
drugs and promoting clinical research in India, the Union 
Ministry of Health and Family Welfare, India has notified 
the “New Drugs and Clinical Trials Rules.”86 Phase III of 
clinical studies can be overlooked in India, if the drugs 
are already approved in other countries. Clinical studies 
can only be exempted if there is no serious adverse effect 
reported for the approved molecule, and there should not 
be any significant differences in the metabolism pathway in 
the Indian population. This decision has led to easier access 
of pharmaceuticals to the Indian population and, hence 
improving the health status of Indians.85,86

Recommendations for action:

•	 Existing drugs approved abroad need to be given 
unrestricted accelerated approval in India without further 
studies (e.g., cefiderocol, sulbactam–durlobactam).

•	 Drugs not approved abroad that are promising in treating 
MDR pathogens, such as cefepime–zidebactam, need 
compassionate or emergency use authorization and 
pathways to accelerated approval.

•	 Develop successful approaches to making such antibiotics 
available as rapidly as possible, through breakthrough 
therapy (expedite the development and review of drugs 
which may demonstrate substantial improvement over 
available therapy); and accelerated approval or fast track 
(allow antibiotics for serious conditions that filled an 
unmet medical need to be approved based on a surrogate 
endpoint)

4. Recommendations for hospitals - Where do things 
currently stand?

Four thematic areas to mitigate AMR in hospitals are as follows: 
i) antimicrobial stewardship practices, ii) appropriateness of 
therapy and adherence to treatment guidelines, protocols, 
and policies, iii) infection prevention control practices and 
iv) utilization of rapid diagnostic tests

Establishing antimicrobial stewardship team

Antimicrobial stewardship (ASP) is advocated to improve the 
quality of antimicrobial use. The Infectious Diseases Society 
of America/Society for Healthcare Epidemiology of America 
(IDSA/SHEA) guidelines3 identify two core proactive, 
evidence-based strategies for promoting antimicrobial 
stewardship [Figure 7]: i) formulary restriction and pre-
authorization and ii) prospective audit with intervention 
and feedback.87 Supplemental Strategies include education, 

Figure:6

Figure 6: Traditional vs. accelerated development and approval process for novel antibiotics.
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guidelines, and clinical pathways, antimicrobial order 
forms, streamlining or de-escalation, dose optimization, and 
intravenous to oral switch interventions considered as part of 
ASP are listed in Table 8. Several studies have demonstrated 
the positive impact of antimicrobial restriction policies and 
procedures; however, there is limited guidance on the optimal 
criteria and measures needed to develop an effective process 
and ensure adherence to the established policy.

Current stewardship efforts in India are few, and there is a 
significant dearth of trained personnel in most hospitals in 
addition to the absence of facility-specific antimicrobial 
guidelines and infection control measures.88 Pre-authorization 
for restricting high-end antibiotics has shown the beneficial 
effect of ASP in optimizing and reducing antibiotic use 
besides achieving improved patient outcomes.

Instituting a prior authorization program requires the ASP to 
consider many operational and logistic challenges. Because 
prompt antimicrobial therapy is extremely important in 
critically ill patients, approval logistics need to be addressed 
before starting a prior authorization program, particularly in 
facilities that cannot provide around-the-clock reviews.89 The 
Directorate General of Health Services (DGHS) recommends 
the establishment of a hospital pre-authorization committee 
for reviewing and approving watch and reserve category 
antibiotics to ensure that their usage aligns with established 
guidelines and justifies on the clinical needs.

Perioperative antibiotic prophylaxis is considered one of 
the most effective measures for the prevention of surgical 
site infections (SSIs). Restricting perioperative antibiotics 
increased the rational use of prophylactic antimicrobial 
use, with substantial improvement in the risk-benefit trade-
off. A randomized control trial demonstrated that three 
doses of perioperative antibiotic are equally effective in 
preventing infective complications.90 Prospective audits 
and feedback (PAF) are often initiated based on the 
antimicrobials prescribed or by clinical results obtained from 
the microbiology laboratory. Post-prescription review (PPR) 
provides recommendations to change the agent, to adjust the 

Figure 7: Infectious Diseases Society of America (IDSA) 
recommended antimicrobial stewardship strategies. IV to PO: 
Intravenous to oral..

Table 8: List of interventions considered as part of antimicrobial 
stewardship
Intervention Description/comment Healthcare 

setting
Formulary 
restriction

Antibiotics may be prescribed 
only:
•	 For certain approved clinical 

indications
•	 By certain physicians (i.e., 

infectious diseases specialists)

inpatient/
outpatient

Drug 
preauthoriza
tion

Permission (from ASP team 
member or infectious diseases 
specialist) required for release 
of certain antibiotics. often 
implemented together with 
formulary restriction

inpatient/
outpatient

Prospective 
audit and 
feedback

Case review by trained asp 
team member and feedback of 
recommendations if reviewed 
antibiotics are deemed to be 
inappropriately prescribed. Labor-
intensive.

inpatient

Prescriber 
education

More effective as a supplementary 
strategy to other interventions

inpatient/
outpatient

Patient 
education

usually focus groups or mass 
media campaigns.

outpatient

Clinical 
guidelines

treatment protocols for various 
infections – may be institution-
specific

inpatient/
outpatient

Clinical 
decision 
support 
systems

Information technology systems 
for improving antibiotic 
prescription. Requires existing 
electronic records and electronic 
prescribing system to be effective

inpatient/
outpatient

Point of care 
diagnostic 
tests

Diagnosis of non-bacterial 
etiologies may help reduce 
antibiotic prescription.

inpatient/
outpatient

Microbiology 
laboratory 
susceptibility 
reporting

Selective reporting of 
susceptibility profiles for positive 
cultures may dramatically alter 
prescribing patterns of physicians

inpatient/
outpatient

Antimicrobial 
cycling

Substitution of selected antibiotics 
over pre-defined periods. Little 
clear evidence for efficacy

inpatient

dose or duration of therapy, to convert intravenous to oral 
formulations, and to evaluate drug–drug interactions.91 This 
review can be performed immediately after prescription or 
within 24–72 hours after prescription when more clinical 
information is available. In India, the implementation of PPR 
decreases antimicrobial use from 831.5 during the baseline 
phase to 717 DOT per 1000 in the intervention phase. 
Notably, 73.3% of antibiotic prescriptions were inappropriate, 
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de-escalation according to culture susceptibility has improved 
significantly with PPR.88 Physicians and pharmacists trained 
in infectious diseases are ideally suited to perform PPR and to 
provide recommendations.

However, a lack of trained infectious disease physicians and 
pharmacists makes it challenging to establish antimicrobial 
stewardship in India, especially in public sector hospitals. 
DGHS also suggests conducting regular audits to evaluate 
the patterns and trends of antibiotic prescribing and usage 
at hospitals. This audit provides valuable insights into 
prescribing practices, identifies areas of improvement, and 
enables us to track progress in ASPs efforts.

A compilation of consumption in the form of defined daily 
doses (DDD) or days of therapy (DOT) may be used to 
determine high prescription areas to maximize the effect 
of interventions and this should be reviewed and updated 
over time.92 This strategy also provides opportunities for 
education through the feedback mechanism and promotes 
individualization of therapy. Compliance to institution-
specific antibiotic guidelines showed marginal improvement 
in PPR intervention phase. Importantly, in 28.5% of the 
cases, antibiotic guidelines were not applicable, suggesting 
a need for comprehensive national- and institution-specific 
antibiotic policy guidelines based on the local antibiogram.92 
The establishment of facility-specific treatment guidelines for 
optimizing empiric antimicrobial selection, de-escalation, 
duration of therapy, and also including recommendation of 
source control are warranted. In addition, continuous updates 
of the policy or treatment guidelines is necessary based on the 
national AMR surveillance data or cumulative antibiogram 
that reflects institution-specific antimicrobial usage.

A significant number of studies have assessed the quality of 
antibiotic prescribing in the outpatient settings. Up to 80–
90% of antibiotics are prescribed in outpatient settings, with 
high levels of inappropriate use.93 Increasing attention has 
been paid to antibiotic stewardship efforts in the outpatient 
setting. Encouraging doctors to include clinical diagnosis 
and investigations in each case and the reason for antibiotic 
usage prescription by default helps identify the interventions 
that prevent inappropriate use. A major cause of misuse 
is insufficient knowledge of prescribing of antimicrobials 
in many categories of professionals, and education is the 
fundamental component of ASPs. Implementation of an 
education-based ASP was shown to improve antimicrobial 
prescriptions and consumption, even when restrictive 
measures were not implemented.94 However, current 
guidelines suggest that educational interventions should not 
be used alone but to support other stewardship interventions. 
A theme-based educational program provides a platform for 
stressing facility-specific issues and influencing prescribers’ 

behavior. Such interventions are most commonly directed 
toward prescribers and less likely educate pharmacists, 
nurses, or even members of the stewardship team.

Moreover, teaching of the principles of ASPs at the 
undergraduate and postgraduate level improves antibiotic 
use. Currently, in India, no structured provision of education 
and training exists for AMS.95

Studies evaluating the impact of implementing infection 
control and antibiotic stewardship practices on nosocomial 
infections are limited. In addition, the impact of studying the 
appropriateness of intervention measures in antimicrobial 
stewardship and infection control practices are urgently 
needed for Indian settings. Interestingly, a study from India has 
documented that improving basic infection control practices, 
rapid diagnostics, and antimicrobial stewardship practices 
as key tools for the reversal of AMR.96 There was a notifiable 
reduction in the incidence of priority pathogens, including 
VRE (43.5% in 2016 to 12.2% in 2021); carbapenem-resistant 
E. coli (21.6% in 2016 to 19.4% in 2021), carbapenem-resistant 
P. aeruginosa (23% in 2016 to 20.6% in 2021); carbapenem-
resistant A. baumannii (66.6% in 2016 to 17% in 2021).The 
incidence of reduction in VRE and carbapenem-resistant 
A. baumannii was significant, but the reduction was found 
to be marginal in case of carbapenem-resistant E. coli and 
carbapenem-resistant P. aeruginosa. In addition, the rate of 
isolation of Candida spp. from non-sterile sites also showed 
a reduction, from 1.68 to 0.65 per 100 patients. Importantly, 
the incidence of HAIs also fell from 2.3 to 1.19 per 1000 line 
days for CLABSI and 2.28 to 1.88 per 1000 catheter days for 
complicated UTI.

In hospital or community, certain innovation strategies have 
been proposed to promote ASPs. It is an urgent appeal to all the 
doctors to make it a mandatory practice to write indication/
reason/justification while prescribing antimicrobials. The 
OPD cards should be designed and structured to compel 
the clinicians to make note of clinical diagnoses and reasons 
for prescribing antibiotics. A person-centered practice 
for prescription can be promoted by recognizing the best 
prescriber team or individual. The essential recommendations 
are as follows:

•	 Develop and maintain antimicrobial policies, procedures, 
and clinical pathways for antimicrobial treatment and 
prophylaxis.

•	 Define and maintain a formulary restriction and 
approval process that include restricting broad-spectrum 
antimicrobials to patients in whom their use is clinically 
justified.

•	 Develop and implement interventions and educational 
strategies for medical officers, nurses, pharmacists, and 
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other clinical employees on appropriate antimicrobial 
prescribing and AMS principles, and monitor outcomes.

•	 Maintain an awareness of local antimicrobial resistance 
patterns among local pathogens and relevant local 
outbreaks of infection, and to consider whether these may 
need to influence antimicrobial prescribing guidelines.

•	 Monitor antimicrobial usage, including appropriateness of 
prescribing relative to evidence-based recommendations.

•	 Participate in activities that permit benchmarking and 
comparisons of prescribing between facilities where 
appropriate and provide guidance on proper interpretation 
of these findings.

•	 Ensure antimicrobial stewardship process, and outcome 
indicators are measured and reported to the hospital 
management and relevant committees.

•	 Ensure that there is feedback of clinically relevant data 
regarding prescribing behaviors to prescribers and to 
other stakeholders, for example, nurses and pharmacists 
in a way that they can understand.

•	 Ensure that APS activities are aligned with other hospital 
activities

•	 Regular meetings should be established with defined 
objectives, action plans, and measurement of progress 
and outcomes. AMS committees will often meet monthly, 
or, for smaller centers, every second or third month. Any 
less often than quarterly (3 monthly) is rarely acceptable 
but might be relevant for a small center with a limited 
spectrum of diagnoses managed (e.g., a day-procedure 
hospital).

Recommendations for action

•	 National Accreditation Board for Hospitals & Healthcare 
(NABH) accreditation should be made mandatory for 
licensure of all public and private hospitals: an AMSP 
program is one of the components of NABH accreditation.

•	 An ID physician should be the convener for the AMSP 
program in all tertiary care hospitals: where no ID 
physician or department currently exists, a senior 
physician or surgeon or microbiologist can be the 
convener. In secondary and primary care hospitals, any 
physician or microbiologist with an interest in this area 
and who has a good rapport with other antimicrobial 
prescribers can be the convener.

Diagnostic stewardship

Inappropriate testing can also result in overdiagnosis of 
HAIs. Rapid and accurate diagnosis of infection is critical 
for appropriate antimicrobial initiation and subsequent 
optimization. The goal of diagnostic stewardship is to select the 

right test for the right patient, generating accurate, clinically 
relevant results at the right time to optimally influence clinical 
care and to conserve healthcare resources [Figure 8].97,98 The 
process of diagnostic stewardship begins with the evaluation, 
selection, and implementation of appropriate diagnostic tests 
for the clinical setting, incorporates guidance for health care 
providers regarding judicious use of testing for appropriate 
patients, and ensures timely sample collection, transport, 
and processing and timely reporting of results. Diagnostic 
stewardship and antimicrobial stewardship are both critical 
components of healthcare aimed at optimizing patient 
outcomes while minimizing the emergence of antimicrobial 
resistance. By integrating diagnostic stewardship with 
antimicrobial stewardship, healthcare providers can ensure 
that diagnostic tests are used judiciously to guide appropriate 
antimicrobial therapy, leading to improved patient outcomes 
and reduced AMR [Figure 9]. Key considerations and 
strategies for each step of the diagnostic stewardship process 
are outlined below and summarized in Table 9.

Diagnostic stewardship is more challenging for direct-from-
specimen rapid diagnostic tests, for which the responsibility 
for appropriate ordering traditionally rests on the clinician. 
Development of diagnostic algorithms and inclusion of 
computerized order entry (CPOE) decision support can 
be used to direct clinicians toward the appropriate test for 
the clinical situation and curb unnecessary duplication of 
diagnostic testing.

Figure:8

Figure 8: Roles of diagnostic and antimicrobial stewardship in the 
implementation of rapid molecular infectious disease diagnostics in 
the clinical setting.
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Figure 9: Relationship between diagnostic stewardship (dark green) and antimicrobial stewardship (light green) on 
patient diagnosis and treatment.

Figure:9

Table 9: Key diagnostic stewardship considerations for 
implementation of rapid infectious disease diagnostics
Goal Key question Key considerations and 

potential strategies
Right 
test

Is the test 
appropriate for the 
clinical setting?

•	 Sensitivity and specificity
•	 Predictive values
•	 Testing volumes
•	 Diagnostic yield
•	 Laboratory feasibility
•	 Cost
•	 Clinical impact

Right 
patient

Will the clinical 
care of the patient 
be affected by the 
test result?

•	 Laboratory test utilization 
committee

•	 Automatic laboratory reflex
•	 Appropriate use criteria
•	 Indication selection
•	 Prior authorization
•	 Benchmarking
•	 Specimen rejection

Right 
time

Will the result be 
available in time 
to optimally affect 
care?

•	 Time to specimen receipt
•	 Centralized vs point-of-care 

testing
•	 On-demand vs batched testing
•	 Specimen preparation time
•	 Run time
•	 Result reporting time

Recommendation for action

•	 All Microbiology laboratories (both stand-alone and 
hospital-associated) need to be mandatorily NABL 
accredited: this will automatically ensure a basic level of 
optimum practice and diagnostic stewardship

•	 Diagnostic stewardship should be taught and emphasized 
in the core curriculum on Microbiology at the 
undergraduate and postgraduate levels.

Hospital infection control practices and NABH 
accreditation for tertiary care centers

Healthcare facilities are high-risk environments for the 
development and spread of resistant pathogens and 
frequently have the highest burden of multidrug-resistant 
pathogens, including carbapenem-resistant and difficult-to-
treat gram-negative pathogens. In India, the burden of HAIs 
is high, with an estimated pooled prevalence of 15.5 per 
100 patients.99 Most HAIs are preventable through effective 
infection prevention and control (IPC) measures [Figures 10 
and 11]. They are, therefore important to efforts to contain 
AMR. At present, however, a lack of adequate systems and 
infrastructure for infection prevention and control in many 
healthcare facilities contributes to the development of HAIs 
and the spread of resistant pathogens.
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impact of HAIs and the spread of multiresistant pathogens. 
The annual plan for prevention and control of HAIs are:

•	 Actions to promote appropriate hygiene measures
•	 Guidelines for empirical and targeted therapy based 

on national recommendations and local epidemiology, 
especially in life-threatening emergencies

•	 Actions against the spread of nosocomial infections 
driven by specific local situations

•	 Monitoring of alert microorganisms, including MRSA, 
VRE, ESBL-producing Enterobacterales, carbapenem-
resistant isolates belonging to Enterobacterales, P. 
aeruginosa, and A. baumannii). The process starts from 
the microbiology laboratory: when an alert organism is 
isolated an alert is sent to the local IPC team.

•	 Monitoring of antimicrobial use as provided by the 
hospital pharmacy with a focus on broad-spectrum 
antimicrobials

•	 Annual one-point survey to establish the local prevalence 
of HAIs

•	 Epidemiological reports on circulating pathogens and 
antimicrobial resistance

•	 Educational annual program pointed to an appropriate 
antimicrobial use for all the hospital personnel

Active and passive surveillance programs should be 
implemented to assess and monitor the extent and trends 
of HAIs, inform alert and precautionary programs, and 
improve performance, strategy, and skill development. 
Active surveillance for multi-drug resistant organisms 
(MDROs) includes targeted screening to identify 
colonized patients on hospital admission which should be 
epidemiologically determined, such as performing entry 
rectal swabs for prevention and control of carbapenem-
resistant Enterobacterales infections and nasal swabs for 
prevention and control of methicillin-resistant S. aureus in 
high-risk units.105 Active surveillance may be more directly 
associated with monitoring and controlling the risk of drug-
resistant pathogen outbreaks. Monitoring should include all 
gram-negative and gram-positive organisms that represent a 
relevant threat according to local or national epidemiological 
assessment. Passive surveillance consists of data that are 
routinely generated from patient registration, laboratory or 
pharmacy data, or data from discharge. Quality microbiology 
and laboratory capacity are essential to enable reliable HAI 
surveillance, and laboratory reporting of alert organisms, 
usually multiresistant, is a due act of surveillance within 
the facility.106 The role of pharmacy and the antimicrobial 
stewardship team is to track trends in antibiotic consumption 
(DDD/100 hospital days) that is also measured for economic 

Figure:10

Figure:11

Figure 10: Multimodal strategy for infection, prevention and control 
implementation and to improve IPC practices in hospitals. IPC: 
Infection prevention control.

Figure 11: Top 5 horizontal and vertical interventions suggested as a 
minimum requirement at the facility level.

Accreditation is an important strategy to improve and assure 
the quality of health care. Although hospital accreditation 
is not mandatory in India, groups such as the autonomous 
National Accreditation Board of Hospitals and the National 
Health Mission’s National Health Systems Resource Center 
have incorporated programs on infection prevention and 
control, including surveillance of HAIs, as a core part of the 
review and certification process.100,101 At the national level, 
there has been growing recognition of the need for policy 
and guidance documents, and in 2016 the ICMR released 
guidelines on infection prevention and control.102 Despite 
these initiatives, the successful implementation of an infection 
prevention and control program in Indian healthcare settings 
faces some important challenges, including insufficient 
funding and human resources, hospital overcrowding, and 
low nurse-to-patient ratios even in ICUs.103,104 Implementation 
and improvement of IPC programs are critical to reducing the 
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reporting purposes. Surveillance should provide information 
for:

•	 Description of the status of HAIs (i.e., incidence and/or 
prevalence surveys, type, etiology, and ideally, data on 
severity and attributable burden of disease)

•	 Identification of the most relevant AMR susceptibility 
patterns

•	 Identification of high-risk populations, procedures, and 
exposures

•	 Early detection of clusters and outbreaks (contact tracing)
•	 Evaluation of the impact of interventions.

Education and training programs should be audited against 
predefined checklists that are revised over time to take into 
account local barriers and behavior.

Education and training should be combined with knowledge 
tests, competency assessments, or both. In order to reduce 
the incidence of nosocomial infections, compliance with 
interventions is mandatory.

Recommendations for action

•	 Encouraging public hospitals to get NABH accreditation: 
a hospital infection control program is one of the NABH 
accreditation.

Promoting in-hospital formulary

An antimicrobial formulary is a simplified list of available 
antimicrobials, with accepted indications for use, dosing 
schedules, drug interactions, and adverse events. A robust 
formulary can allow for easier maintenance of guidelines, and 
provision of education and training. Available antimicrobials 
have been evaluated in a systematic manner and meet strict 
criteria for inclusion. This can benefit prescribers by limiting 
the number of antimicrobials that they will be learning how 
to utilize and therefore, should improve the appropriateness 
of prescribing [Figure 12]. The formulary should include a 
subset of restricted antimicrobials. The use of these restricted 
antimicrobials requires strict monitoring and adherence to 
the antimicrobial prescribing policy of the hospital. The WHO 
AWaRe classification of antibiotics could be used as the base 
for a formulary restriction policy, mainly targeting Watch and 
Reserve groups of antibiotics.107 Auditing compliance with 
the in-hospital formulary restriction is important to ensure 
the adherence of policies.

A hospital’s drug and therapeutic committee (DTC) has the 
responsibility of creating and managing the antimicrobial 
formulary list but may involve an antimicrobial subcommittee 
or rely on the AMS team to advise on the need for adding 

new antimicrobials or indications to the current list.108 The 
management of the antimicrobial formulary should involve 
periodical review at least monthly to quarterly would 
be preferable.109,110 This process should involve medical 
and pharmacy staff knowledgeable about the spectrum 
of activity of antimicrobials, pharmacokinetics, and 
pharmacodynamics, hospital antibiograms, and common 
infectious diseases. New antimicrobials should be added if 
they meet the criteria for inclusion, including acceptable data 
on safety, pharmacological action, adverse drug reactions, 
and drug interaction; reasons why this is superior to current 
formulary-listed antimicrobials; scientific evidence and 
literature to support its addition; updated clinical guidelines 
or treatment pathways; altered hospital infection patterns and 
antibiogram; acceptable cost-efficiency; and approved and 
quality source of supply.109 Current antimicrobials should 
be removed from the list if they meet the deletion criteria, 
including if the antimicrobial is no longer used; recent data on 
lack of safety and efficacy become available; the antimicrobial 
does not meet the requirements for cost-effectiveness if an 
acceptable alternative is identified.109 Antimicrobial formulary 
management includes:

•	 The formulary should be consistent with any national 
formulary or approved standard infection treatment 
guidelines.

•	 The formulary should be reviewed and revised periodically
•	 Combination or fixed-dose antimicrobials should only be 

used in specific proven infections
•	 The ability to prescribe antimicrobials is restricted to only 

those practitioners with appropriate prescribing skills
•	 In Hospitals strict measures across the country to limit 

prolonging perioperative prophylaxis by stop orders after 
three IV doses and no oral doses. This should be audited.

Figure 12: Managing formularies in hospitals.

Figure:12
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Recommendations for action

•	 NABH accreditation for licensure should be made 
mandatory for all public and private hospitals: optimum 
hospital formulary practice in regard to antibiotics is one 
of the components of NABH accreditation.

•	 AMR and AMS should be introduced in the core 
curriculum of trainees in Pharmacy. Parenteral to oral 
switch of antibiotics should be rational and a nation-wide 
policy can be developed for this purpose 

5. Interventions at clinical microbiology laboratory 
level

Integrating microbiology laboratories to ASPs is important 
in the area of diagnostic stewardship, the development 
of antibiograms to support optimal antibiotic use, the 
introduction of new diagnostic tests into the laboratory, 
the implementation of new antibiotic susceptibility 
testing interpretative criteria, and education of clinicians 
on laboratory testing practices. Strengthening clinical 
microbiology laboratories across the country in performing 
diagnosis and antimicrobial susceptibility testing, including 
rapid molecular diagnostics testing, supports ASPs 
[Figure  13]. Institution-wide antimicrobial resistance 
surveillance reported in the form of antibiograms informs 
decisions for empiric antimicrobial therapy, and timely and 
accurate patient-specific pathogen isolation, and susceptibility 
data inform directed antimicrobial therapy.

Coupling clinical microbiology laboratory information with 
ASP interventions leads to the best antimicrobial use for 
individual patients and on an institutional level.

Maintaining high-quality clinical microbiology laboratories 
is the current best approach for diagnosis and treatment of 
infectious disease. The clinical microbiology laboratories, 
accredited under the National Accreditation Board for 
Testing and Calibration Laboratories (NABL), ensure quality 
infrastructure, laboratory operations, quality assurance, and 
continual improvement. Furthermore, regular participation 
in an external quality assessment scheme (EQAS) is crucial 
for ensuring acceptable laboratory performance in facilitating 
optimal patient care.

Tailoring susceptibility test performance and reporting 
to formulary decisions and the stewardship principle of 
encouraging narrower spectrum antibiotic use whenever 
possible is recommended. Use cascade reporting to 
promote preferential use of narrowest spectrum antibiotics 
[Figure  14].110 Update institution antibiograms following 
published guidance in the M39 CLSI document, at least on 
annual basis.111 Antibiogram helps the prescribers for selecting 
effective therapy when culture results are pending, and 
informing and update local guidelines for empirical treatment 
of common infection syndromes. From the antimicrobial 
stewardship standpoint, cascade or selective reporting can be 
used to promote the judicious use of antimicrobials. Cascades 
consist of algorithm-driven reports that provide only a 
limited number of tested antimicrobial susceptibilities based 

Figure:13

Figure 13: Workflow pathways for conventional microbiology and RDT. Implementation of RDT increases laboratory workflow complexity 
but can hasten the availability of results. Communication of results is a key factor. Blue arrows represent the conventional microbiology 
pathway, orange arrows represent the RDT pathway, and green arrows represent opportunities for the laboratory and antimicrobial stewardship 
teams to improve communication of results. AST, antimicrobial susceptibility testing. AST: Antimicrobial Susceptibility testing, RDT: Rapid 
diagnostics tests.
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Figure:14

Figure 14: Cascade reporting for Enterobacterales.

on formulary availability, local cumulative susceptibilities, 
and cost for isolates with no or low levels of resistance and 
reporting of susceptibility to broader-spectrum drugs only 
when isolates are resistant to drugs in the first “cascade.” 
Careful selection of reported susceptibilities and frequent re-
evaluation are necessary to ensure the continued value and 
reliability of the cascade and the quality of the reporting. 
Unreleased susceptibility data should also be readily available 
upon clinician request.

Molecular rapid diagnostic tests (mRDTs) have emerged as 
a key technology to decrease the time to identification and 
antimicrobial susceptibility of pathogens.91 These tests can 
decrease the time to effective therapy and antimicrobial 
optimization, and they also decrease the length of stay in 
patients with bloodstream infections. The clinical impact 
of mRDTs is most pronounced when reviewed and acted 
upon by the ASP in real time. Successful implementation of 
mRDTs is dependent on workflows supporting antimicrobial 
stewardship review of mRDTs results and on communicating 
recommendations to frontline clinicians.112,113

Incorporating mRDTs results into the ASP workflow should 
be a high priority in hospitals that utilize this technology.

Clinical microbiology laboratories are key to AMS programs, 
providing specimen collection and testing, rapid diagnostics, 
susceptibility testing, and production of antibiograms and 
education activities. The usefulness of clinical microbiology 
laboratories are as follows:

•	 The clinical microbiology laboratory and the clinical 
microbiologist can play a pivotal role in any AMS 
program.

•	 Clinical laboratories can provide diagnostic stewardship
•	 The microbiology laboratory should ensure that all 

antimicrobial susceptibility results are reported in 
a selective manner; “cascade reporting” should be 
considered as part of an effective AMS program.

•	 Early and direct communication with the treating team 
regarding the interpretation of results and offering clinical 
advice can help support AMS initiatives and optimize 
antimicrobial therapy.

•	 Antibiograms can be used to help guide the local 
antimicrobial formulary, empiric antimicrobial guidelines 
and inform specific AMS interventions.

•	 WHONET is a software program available from the WHO 
to assist in the development of cumulative antibiograms.

Recommendation for action

•	 All Microbiology laboratories (both stand-alone and 
hospital-associated) need to mandatorily be NABL 
accredited: this will automatically ensure a basic level of 
quality control and optimal reporting.

•	 State of the art microbiological practices that impact AMR 
should be included in the core curriculum of Microbiology 
at the undergraduate and postgraduate levels.

•	 An early updated CLSI document should be distributed 
to all accredited laboratories by the government. This can 
prevent the use of obsolete breakpoints for susceptibility 
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interpretation and therefore quality of AMR data can be 
maintained

6. Research and development

Promoting research for new antibiotics and rapid diagnosis

•	 Promoting research for development of new antibiotics 
and validated point-of-care or rapid test for diagnosis of 
infectious disease can prevent misuse of antibiotics in the 
community.
New agents displaying innovative chemistry and modes of 
action are desperately needed worldwide to tackle AMR. 
Researchers developed an artificial intelligence (AI) model 
that designs novel, synthesizable antibiotic compounds, 
several of which showed potent in vitro activity against 
priority pathogens.114,115 Initially, researchers used 
predictive AI models to identify antimicrobial properties 
of existing drug compounds, but these models are not 
very efficient. Generative AI models can go a step further 
to design brand new drugs, but these tend to be difficult 
to synthesize. However, additional studies on the newly 
identified antibiotics are warranted. While there is 
room for growth and improvement, India’s position in 
antibiotic development is poised for advancement. With 
its strong pharmaceutical industry, research capabilities, 
and ongoing initiatives, India has the potential to play a 
significant role in addressing the global challenge of AMR 
through the development of novel effective antibiotics.
Lack of easy access to diagnostic testing, in fact, has made 
the diagnostic step one of the weakest links in the cascade 
of patient care. Moreover, timely and accurate diagnosis 
through rapid tests can reduce the time to pathogen 
identification and facilitate faster, optimized antimicrobial 
treatment. The most common identified gaps include 
inadequate near-patient testing for identification, 
susceptibility testing and biomarkers.116 The R&D priority 
for rapid diagnostics against AMR includes

•	 Improved near-patient testing for ID and susceptibility
•	 Host response tests, identifying biomarkers
•	 Multiplex diagnostic platform to identify bacterial 

pathogens and perform susceptibility testing directly 
from samples

•	 Simple, easy-to-use test or platform for antimicrobial 
susceptibility testing (AST) only

Recommendations for action

•	 Both investigators initiated and ICMR-initiated projects 
concerning diagnostics and therapeutics impacting AMR 
need to be accorded priority with fast-track approval and 
increased funding.

Promoting one-health approach

One Health is an integrated approach that recognizes the 
health of humans, animals, and the wider environment as 
closely linked and interdependent [Figure 15].117 It requires 
multidisciplinary collaboration, adequate surveillance 
systems, and strong laboratory capacity, many of which are 
challenges for Indian settings. Several integrated approaches 
have been proposed to reduce antibiotic misuse in human, 
environmental, and animal health [Table 10].118

Restricting the use of antibiotics in food-producing 
animals

There is growing concern that nonprudent use of antibiotics 
is linked with the escalating emergence of human infections 
with antibiotic-resistant pathogens of zoonotic importance. 
In farm animals, antibiotics are commonly used to promote 
more rapid growth quickly, however, there is evidence to 
suggest that use of antibiotics at low- or sub-therapeutic levels 
fosters the development of resistant bacteria. Additionally, 
high levels of antibiotic-resistant genes have also been 
identified in soils fertilized with manure and river waters 
contaminated by runoff from animal farms. Therefore, 
the presence of resistance and residues of antimicrobials 
in foods of animal origin constitutes a potential risk to the 
health of consumers and are also recognized as an emerging 
environmental problem. In India, regulations controlling the 
use of antibiotics in animals are very weak and in the initial 
phases.

Low doses of antibiotics to promote growth are often used to 
compensate for poor farm hygiene and crowded conditions.119 
In India, projected financial losses for a proposed ban on 
subtherapeutic antibiotic use were 1–3% of annual meat 
production, with the greatest losses by poultry farmers.120

Fewer intervention strategies have been proposed to address 
the contributions of animal reservoirs to the dissemination 
of antibiotic resistance. First, antibiotic use in the livestock 
and aquaculture industries should be evaluated.121 Little 
is known about the quantity, frequency of administration, 
or types of antibiotics used in animal production. Survey 
results can be used to identify which types or aspects of 
animal production are most in need of oversight, and once 
identified, comprehensive monitoring programs could be 
designed to address them. A systematic review and meta-
analysis showed that reducing antibiotic use decreased the 
prevalence of antibiotic-resistant bacteria in animals by 
about 15% and multidrug-resistant bacteria by 24–32%.122 
Second, administration practices that result in veterinary 
drug residues at slaughter must be restricted.123 Third, any 
antibiotic classes that are of critical importance to human 
health (e.g., colistin) should be banned for animal use.119 
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Figure 15: Drivers of antimicrobial resistance (AMR) in one health aspect.

Table 10: Recommendations for action to address one health challenges related to antibiotic misuse
Strategies Specific actions
Manage antibiotic use in animal agriculture Survey antibiotic use in livestock and aquaculture production

Create antibiotic resistance action plans that address antibiotic use in agriculture
Improve farmer education about best practices in animal agriculture, including 
vaccine use and antibiotic withdrawal periods before slaughter
Improve waste disposal from farms
Ban use of antibiotics that are critically important to human health eg cephalosporins, 
fluoroquinolones, tetracyclines, colistin

Livestock antimicrobial resistance (AMR) 
surveillance

Generating surveillance-based AMR data from the veterinary practice is required to 
counteract resistance and preserve the efficacy of antimicrobial agents

Treat highly contaminated waste effluent before 
disposal

Enforce minimum treatment levels for hospital and drug manufacturer waste

Improve access to clean water and sanitation Consider water and sanitation initiatives

Fourth, considering alternative options to using antibiotics 
for disease prevention in animals include improving hygiene, 
better use of vaccination, and changes in animal housing and 
husbandry practices.124 Importantly, farmer education is also 
necessary to reduce animal antibiotic misuse.

Recommendations for action

Interventions strategies that help to reduce the need of 
antimicrobials in farm animals are as follows:

•	 Restricted preventive use of antimicrobials both in groups 
of animals and medicated feed

•	 Restriction on metaphylactic use of antimicrobials
•	 Antimicrobials should be strictly avoided for the purpose 

of promoting growth and increasing yield
•	 Reserve certain antibiotics for humans only. A list of such 

antibiotics may be drawn up after inputs from medical 
and veterinary experts.

•	 Make obligatory for state government to collect data on 
antibiotic sale and use of antimicrobials in farm animals
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Interventions to reduce environmental antimicrobial 
resistance

The environment acts as a mixing pot of drug-resistant bacteria 
from many sources such as pharmaceutical, biomedical, 
veterinary, and agricultural sectors. There are three main 
emission sources in the environment includes animal farming, 
hospital or community sewage, and pharmaceutical industry. 
Wastewater discharge from antimicrobial production is a 
hotspot for AMR development. Because antibiotics present 
in pharmaceutical wastewater have not been metabolized, 
their concentrations may be manyfold higher than in human 
waste.125 Subsequently, a study on wastewater treatment plant 
treating discharge from 90 pharmaceutical companies in 
India has reported to release a huge amount of ciprofloxacin 
in 1 day that equals to an amount prescribed to humans in 
Sweden over 5 days.126

Additionally, hospitals discharge antibiotic-resistant bacteria, 
which propagate in the hospital setting due to poor infection 
control.119 Moreover, inadequate sanitation and poor hygiene 
practices amplify the propensity for increasing antimicrobial 
pollution in the environment. Thus, prompt interventions are 
urgently needed to address the emergence and transmission 
of AMR in the environment.

Wastewater serves as a pivotal juncture for the dissemination 
of antibiotic-resistant organisms and functions as a pathway 
through which strains of human and animal origin can 
infiltrate the environment and potentially colonize new hosts. 
Even if present, the wastewater treatment plants are not 
designed to remove antibiotics or antibiotic resistance genes. 
The proposed predicted no effect concentrations (PNECs) 
for resistance selection ranges from 8 ng/L to 64 μg/L.127 
However, the lack of optimal wastewater treatment increases 
its overall risk in India. The high cost associated with regular 
monitoring of antimicrobial levels in pharmaceutical waste 
water makes it a low-priority objective, and a strict vigilance 
on the effluent produced is also needed.128 Pharmaceutical 
companies may be able to reduce antibiotic discharge by 
improving manufacturing practices and on-site industrial 
waste treatment systems.129 Noncompliance penalties, such as 
fines or revocation of operation permits, may be necessary for 
enforcement.

Hospital wastewater containing disinfectants, antibiotics, and 
microbial and organic compounds can be very harmful for 
the environment and humans. The existing evidence indicates 
inadequate microbial treatment emphasizing the need for 
improvement in healthcare waste management. Over the 
years, various treatment technologies, including biological 
methods, such as activated sludge process, membrane 
bioreactor, moving bed bioreactor, constructed wetlands, the 

advanced oxidation processes, such as photocatalysis and 
Fenton process, have been implemented to treat the effluents. 
Noticeably, high proportions of multidrug-resistant and 
carbapenem-resistant gram-negative pathogens have been 
reported in the treated hospital effluents in India.130–133

Recommendations for action

The following are the interventions to prevent the 
dissemination of resistant pathogens and release of antibiotic 
residues into the environment.

•	 Decontamination of human and animal wastewater and 
sewage from hospitals, farms, urban sewage, treatment 
plant discharge, sewage overflow, run-off manure-
fertilized agricultural fields and livestock farms

•	 Surface microbial decontamination of floors and 
equipment in hospitals and farms.

•	 Prevention of environmental releases and deconta
mination of antimicrobial substances, including biocides, 
metals, and industrial pollutants, as influencing the 
environmental selection of resistant organisms

•	 Sublethal concentrations of biocides can increase the 
pool of resistant organisms in the environment. Another 
important aspect is the sharing of resistance mechanisms 
between biocides and antimicrobial agents, thus 
facilitating their co-selection. Biocides as a route of AMR 
need to be listed in the NAP-AMR of India.

Inequity in priorities and agendas between the Global 
North and the Global South 

The term “Global North” typically refers to the more 
economically developed countries, while the “Global South” 
encompasses less economically developed countries. The 
division between these regions extends beyond economic 
factors and influences priorities and agendas related to AMR. 
In the Global North, where access to healthcare and resources 
for research and development is generally higher, there is often 
a greater focus on developing new antimicrobial drugs and 
technologies to combat resistance. However, this approach 
may not be feasible or effective in the Global South due to 
financial constraints and different healthcare infrastructures.

Conversely, the Global South often faces more immediate 
challenges related to access to basic healthcare, sanitation, 
and clean water, which are critical for preventing infections 
in the first place. Therefore, their priorities may lean toward 
strengthening healthcare systems, improving sanitation, 
and promoting responsible antimicrobial use to prevent the 
spread of resistance. This disparity in priorities and agendas 
between the Global North and South poses a significant 
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threat to global efforts to mitigate AMR. Collaboration and 
coordination between these regions are essential to address 
the multifaceted challenges posed by AMR effectively.

Thera are three examples that illustrate these differences. In 
European countries, a direct correlation between outpatient 
penicillin use and the S. pneumoniae resistance rate to 
penicillin has been demonstrated. However, in a study 
on low-income countries, the direct association between 
resistance to and use of fluoroquinolones or third-generation 
cephalosporins on E. coli was not demonstrated. However, a 
study on LMICs demonstrated no direct association between 
resistance to and use of fluoroquinolones or third-generation 
cephalosporins on E. coli. This study examined the impact 
of universally applicable interventions such as governance, 
health expenditure, gross domestic product per capita, 
education, infrastructure, and climate on AMR. The findings 
indicated that infrastructure interventions, which included 
adequate sanitation, access to improved water sources and 
electricity, and urbanization, contributed significantly to the 
reduction in AMR. Further, environmental sources, such as 
water, soil, and surfaces within the household, are critical 
reservoirs for ESBL-producing bacteria. These contaminated 
environments facilitate the transmission of resistant bacteria 
between animals and humans. This research underscores the 
interconnectedness of human, animal, and environmental 
health, a concept central to the One Health approach. Further, 
no correlation was observed between country-level antibiotic 
usage and total AMR gene abundance, suggesting that non-
antibiotic-use factors play a more significant role in driving 
the presence of AMR genes in sewage.

The danger of the Global South falling short of opportunities 
to fundamentally mitigate AMR is further exacerbated by the 
focus of global funding toward research and development 
of new antibiotics. However, there is a risk of neglecting 
these holistic and preventive measures, which are vital for 
sustainable AMR mitigation. A balanced approach that 
includes significant investments in these areas is essential 
to effectively combat AMR, especially in the Global South. 
Less funding for vaccines for research and development in 
diagnostics further complicate AMR issue in the Global 
South. The inequality in global pharmaceutical procurement, 
where the Global North dominates over 60% of the market, 
contrasts sharply with antibiotic production, which is 
primarily concentrated in countries like China and India. 
This distribution poses significant environmental risks, 
particularly concerning water contamination, due to the 
discharge of antibiotic residues into nearby water sources. 
Such disparities underscore the complexities of the global 
pharmaceutical landscape, highlighting not only economic 

divides but also environmental concerns that require attention 
and cooperation on a global scale.

Recommendation for action

•	 The United Nations Secretary General play a pivotal role 
in accelerating the establishment and funding of this 
panel by advocating for its importance on the global stage, 
Additionally, leveraging existing platforms and initiatives 
within the UN system, such as the WHO and the Food 
and Agriculture Organization (FAO), could amplify 
efforts to address AMR holistically.

•	 By prioritizing AMR, G77 leaders can take proactive 
measures to mitigate these risks and promote sustainable 
development. This includes strengthening healthcare 
systems, promoting responsible antibiotic use in 
agriculture, investing in research and development of 
new antimicrobial drugs, and fostering international 
collaboration to address this urgent threat.

•	 Linking equitable AMR mitigation interventions to the 
attainment of country-level sustainable development 
goals (SDGs)

•	 Negotiations on knowledge transfer and capacity 
development for antimicrobials, vaccines, and diagnostics 
should indeed involve the UN, given its convening power 
and its ability to coordinate efforts among member  
states.
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