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Antimicrobial resistance (AMR) is a significant threat to healthcare in India, which is experi- :
encing increasing resistance to critical antibiotics, including last-resort treatments. Emerging
data indicate that resistance to last resort life-saving drugs continues to rise, limiting treat- :
ment options for drug-resistant infections. While the introduction of new antimicrobials
offers hope, historical patterns suggest that resistance may develop rapidly. Enforcement
challenges of regulatory initiatives, such as Schedule H1 restrictions in India, underscore
the need for a national-level strategic approach when introducing new antimicrobials in the
future. We propose a regulatory and access framework designed to preserve and increase
the longevity of new antimicrobials in India. Key recommendations include restricting their
availability to formularies of hospitals implementing antimicrobial stewardship and infec-
tion prevention and control standards, and mandating AMR surveillance reporting. We also
examine stakeholders’ perspectives on policy measures necessary for the responsible intro-
duction of these drugs.

ing India, where the emergence of resistance to antibiotics, including last resort antibiotics

in India, is alarming. Data from the Indian Council of Medical Research (ICMR) AMR sur-
veillance network highlights rising antibiotic resistance rates, with Klebsiella pneumoniae show-
ing 62.3% resistance to carbapenem (specifically meropenem). The susceptibility of Escherichia
coli to imipenem has declined from 81% in 2017 to 63% in 2023, while its sensitivity to piperacil-
lin-tazobactam dropped from 56.8% to 42.4% during the same
period [1]. Klebsiella pneumoniae isolates also exhibited low sus-
New antimicrobials awaiting introduc- ceptibility to piperacillin-tazobactam, at just 26.5% in 2023 [1].
tion in India offer hope for drug resis- High resistance to carbapenems and piperacillin-tazobactam has
significantly limited treatment options for infections caused by
pathogens resistant to multiple drugs. Medical practitioners in
India are therefore compelled to prescribe polymyxins, such as

gl ntimicrobial resistance (AMR) is a major challenge for healthcare systems worldwide, includ-

tant infections but unregulated intro-
duction of new antimicrobials in India

could lead to rapid misuse and resis- colistin, as a last-resort treatment [2]. Yet an uptick in colistin
. ) ) ’ p

tance undermining their effectiveness prescriptions is contributing to the rise in resistance to this anti-

and shortening their clinical utility. biotic as well [3]. Over the past decade, all newly introduced anti-

microbials failed to demonstrate improved effectiveness against
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multidrug-resistant gram-negative pathogens, which are major contributors to the antimicrobial
resistance burden in India [4]. Therefore, given the rise in resistance of pathogens to available
drugs, new treatment options are urgently needed. Several new antimicrobials, such as plazomi-
cin, cefiderocol, and novel -lactam combinations (which are awaiting registration in India), may
offer a promising solution.

98]
E Das and colleagues showed that resistance tends to develop shortly after the introduction of any
— new antibiotic [5]. For example, ceftazidime avibactam was introduced in India in 2018, with
8 generic formulations becoming available from 2023 onwards. Resistance to ceftazidime-avibactam
B has been observed across multiple gram-negative pathogens, based
25 . o on unpublished data from the ICMR. Among Escherichia coliisolates,
':; A national policy is urgently needed 189 out of 503 (37.6%) were resistant. Resistance was notably higher
to conserve their effectiveness by in Klebsiella pneumoniae, with 388 out of 518 isolates (74.9%) show-
restricting access to new antimicro- ing non-susceptibility. Pseudomonas aeruginosa also demonstrated

significant resistance, with 98 out of 180 isolates (54.4%) found to be
resistant to ceftazidime-avibactam. Expanded availability of new
antimicrobials in Indian markets could lead to their overuse and to
the rapid development of resistance [6]. A national-level policy that
control (IPC) standards. regulates the use of new antimicrobials could ensure that the drugs
remain effective longer.

bials only through hospitals with
certified antimicrobial stewardship
(AMS) and infection prevention and

EXISTING REGULATORY FRAMEWORKS IN INDIA

Since the introduction of the National Policy for Containment of Antimicrobial Resistance in India
in 2011, the Indian Government has implemented various regulatory strategies to curb the inap-
propriate use of antimicrobials. These measures include the introduction of Schedule H1 to restrict
over-the-counter sales of antimicrobials, the launch of the Red Line Campaign to raise public
awareness, and periodic revision of the National List of Essential Medicines [7]. However, these
initiatives had limited success, likely due to implementation challenges [8-10].

A more robust example of regulatory stewardship for new antimicrobials, with an intention to
increase the longevity of drugs while ensuring access for patients in India can be seen in the case
of the tuberculosis (TB) programme. The rollout of new TB drugs for drug-resistant TB - bedaqui-
line, delamanid, and pretomanid - is only allowed through healthcare facilities registered as DOTS-
Plus centres in an online portal, which in turn managed TB notification, treatment, and financial
aid for nutrition for patients [11]. Diagnostic quality is maintained by involving public and private
laboratories accredited for culture and drug susceptibility testing. Although restricting access to
new TB drugs and ensuring their judicious use caused short-term challenges, it has resulted in
long-term benefits in managing multidrug-resistant TB patients [12,13].

LESSONS FROM OTHER COUNTRIES

The importance of regulating the use of antimicrobials has also been documented in other coun-
tries. By combining real-time surveillance, professional and public engagement, and credible
national targets, Sweden’s Strama programme has enabled sustainable behaviour change through
a bottom-up model that directly linked prescribers with policymakers [14]. Australia’s National
Antimicrobial Prescribing Survey has emphasised the role of systematic auditing in improving
prescribing practices by providing detailed feedback to healthcare facilities, thus facilitating data-
driven interventions and informed national policy [15].

Brazil’s Health Regulatory Agency has developed guidelines to encourage the implementation of
antimicrobial stewardship (AMS) programmes in hospitals, focussing on optimising antimicro-
bial use based on local needs and resources [16]. The country also strengthened its surveillance
systems, such as BR-GLASS, to monitor antimicrobial resistance patterns and inform policy deci-
sions and treatment guidelines [17].

China’s Administrative Regulations for Clinical Use of Antibacterial Agents 2012 classified antibi-
otics into non-restricted, restricted, and special-grade categories, linking prescribing privileges
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to physicians’ qualifications and institutional levels [18]. Physicians and pharmacists are required
to undergo specific training in antibiotic prescription, while hospitals’ stewardship committees
monitor antibiotic use and penalise non-compliance, including revoking prescribing rights [19].

All these initiatives highlight the importance of coordinated, multi-sectoral strategies in combat-
ing antimicrobial resistance. By learning from global best practices and experience from the TB
programme within the country, India can enhance its efforts to introduce new antimicrobials
responsibly and curb the rise of antimicrobial resistance.

A REGULATORY APPROACH TO PREVENT MISUSE

Effective antimicrobial stewardship requires ensuring timely and equitable access to life-saving
antimicrobials and preventing their misuse. India has prioritised AMS, and all medical colleges are
now required to have a functional AMS committee [20]. The ICMR’s AMS programme in selected
hospitals has seen reasonable success [21]. However, change through AMS is tardy, and ensuring
sustainability remains a practical challenge [22]. Proactive regulatory measures can complement
the ongoing efforts in ensuring the long-term effectiveness of life-saving antimicrobials.
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The ICMR convened a meeting of experts, clinicians, microbiologists, and regulators to strategise
a regulatory mechanism for new antimicrobials yet to be introduced in the Indian market. The
expert group’s recommendations are as follows:

1. New antimicrobials in the Watch and Reserve category meant for sick and hospitalised patients
should not be allowed to be dispensed from retail pharmacies. Their availability should be
restricted only to hospital formularies. Hospitals planning to procure and prescribe these new
antimicrobials should:

a) provide documentary evidence of compliance with pre-mandated standards for infection pre-
vention and control (IPC) and AMS certification from a nationally recognised body.

b) periodically submit AMR surveillance data to a designated national level platform and declare
it on the hospital website; here, non-compliance should invite punitive measures, such as tem-
porary suspension of access to restricted antimicrobials;

¢) have a functional AMS committee to undertake review and audit of prescriptions and a com-
mitment to share data with the national regulatory and other agencies;

d) have an in-house pharmacy, a clinical pharmacist, and diagnostic capacity for rationalising
prescriptions and a mechanism to monitor the antibiotic prescriptions down to the individ-
ual patient.

2. To strengthen the regulatory oversight, a centralised, risk-based post-marketing surveillance
system should be established, with mandatory reporting for manufacturers, regarding the sale
of these antimicrobials.

Given the unique challenges of India’s healthcare system, it is crucial that the proposed strategy
provides necessary access to patients in both public and private hospitals which may not have
the required AMS framework in place to allow access to these antimicrobials. A phased regu-
latory approach can be followed to introduce new antimicrobials, while allowing for capacity
building and ensuring sustained implementation of antimicrobial stewardship practices across
the healthcare system. Tertiary care hospitals can actively mentor and guide smaller health-
care facilities, including district hospitals, community health centres, and nursing homes, using
tools such as telemedicine-based pre-approval systems for smaller nursing homes, supported by
a regulated supply of high-end antimicrobials from tertiary hospitals. The inclusion of high-pri-
ority antimicrobials in public procurement and supply schemes can be encouraged, particularly
for government facilities and private sector facilities willing to engage in such a mechanism, to
expand access to newer antimicrobials where they are most needed [23]. Until the drug receives
approval from the regulator, CDSCO’s SUGAM portal can be utilised to import drugs for patients
who need them [24]. The suggested pathway for the introduction of new antimicrobials in India
is presented in Figure 1.
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Figure 1. Suggested pathway for introduction of new antimicrobials.

ADVOCACY FOR RATIONAL ANTIMICROBIAL USE: EXPERTS’
PERSPECTIVES

The success of strategies aimed at regulating antimicrobial use heavily relies on the attitudes of
stakeholders involved in the prescribing process. The ICMR surveyed clinicians and public health
experts on prescribers’ perceptions of the factors driving misuse and the need to safeguard new
broad-spectrum antimicrobials meant for treating serious infections. A questionnaire (Online
Supplementary Document) was administered to 35 infectious diseases physicians, 19 clinical phar-
macists, 16 clinical microbiologists, 4 public health specialists, and 29 clinicians, and purposive
snowball sampling was used for selecting the survey participants. Most of the experts (73.1%) iden-
tified diagnostic uncertainty as the key factor responsible for unnecessary antimicrobial usage,
followed by lack of availability of antibiograms (51.9%) (Figure S1 in the Online Supplementary
Document). Most experts (86.5%) relied on national/international guidelines for choosing antibi-
otics, 71.2% referred to local hospital guidelines, and 55.8% sought advice from senior colleagues,
infectious diseases physicians, microbiologists or clinical pharmacists. Only 1.9% experts believed
that antibiotic prescriptions are based on endorsements from representatives of pharmaceutical
companies (Figure S2 in the Online Supplementary Document). Moreover, since most of the sur-
vey participants were from tertiary hospitals with training in AMS, preserving the patient-doctor
relationship was not a major driver for clinicians. Similarly, the participants showed low reliance
on medical representatives, contrary to previously reported studies from India [25].

Nearly all participants (98.1%) advocated for a new antimicrobial regulatory policy to prevent mis-
use, while 55.8% recommended that new antimicrobials be available only in hospital formularies
(Figure S3in the Online Supplementary Document). Participants supported the idea of qualifying
criteria for hospitals to introduce new antimicrobials. A key limitation of this study is the narrow
representation of stakeholders, as the survey primarily involved experts from tertiary care hospi-
tals, excluding general practitioners, rural healthcare providers, and retail pharmacists. Including
a broader range of stakeholders in future studies would provide more comprehensive insights to
inform policy.
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CONCLUSIONS

Traditionally, antimicrobials are sold in through retail markets and hospital formularies. While
this policy promotes access and favours the autonomy of the clinicians, it does little to check
misuse. Since the existing treatment options for multidrug-resistant infections are rapidly
depleting, it is necessary to explore all interventions that can help prevent the misuse of newer
antibiotics. The ICMR’s recommendations on restricting access to new antimicrobials provide a
roadmap to safeguard these drugs and establish a pathway for their ‘conservation’
Recommended mandatory standards, such as IPC and AMS certification from a recognised
national body for hospitals and mandatory submission of AMR surveillance data, would serve the
country’s interest towards improving patient care, as more hospitals would strive for
accreditations and also become cognisant of their own AMR data. This guidance also aligns with
our findings, suggesting regulatory control for new antimicrobials by limiting their availability to
hospital formularies to prevent their misuse.

Funding: The article processing charge was funded by the Indian Council of Medical Research from a Project (File No.
AMR/AMSP/270/2022-ECD-II).

Authorship contributions: SM: methodology, investigation, writing - original draft, writing - review & editing. NB: meth-
odology, writing - review & editing. VR, BV, LM: writing - review & editing. KW: conceptualisation, methodology, writing
- original draft, writing-review & editing. All authors read and approved the final manuscript.

Disclosure of interest: The authors completed the ICMJE Disclosure of Interest Form (available upon request from the
corresponding author) and disclose no relevant interests.

Additional material
Online Supplementary Document

1 Indian Council of Medical Research. Antimicrobial resistance research and surveillance network. Annual
Report: January 2023 to December 2023 -. New Delhi, India: Indian Council of Medical Research, Antimicrobial
resistance research and surveillance network; 2023. Available: https://www.icmr.gov.in/icmrobject/uploads/
Documents/1725536060_annual_report_2023.pdf. Accessed: 25 July 2025.

REFERENCES

2 Periasamy H, Gnanamani A. Polymyxins resistance among Gram-negative pathogens in India. Lancet Infect
Dis. 2020;20:1362-3. Medline:33186513 d0i:10.1016/S1473-3099(20)30855-0

3 Gadar K, de Dios R, Kadetdbkova N, Prescott TAK, Mavridou DAL, McCarthy RR. Disrupting iron homeostasis can
potentiate colistin activity and overcome colistin resistance mechanisms in Gram-Negative Bacteria. Commun
Biol. 2023;6:937. Medline:37704838 d0i:10.1038/s42003-023-05302-2

4 Norrby SR, Nord CE, Finch R; European Society of Clinical Microbiology and Infectious Diseases. Lack of devel-
opment of new antimicrobial drugs: a potential serious threat to public health. Lancet Infect Dis. 2005;5:115-9.
Medline:15680781 d0i:10.1016/S1473-3099(05)70086-4

5 Das B, Chaudhuri S, Srivastava R, Nair GB, Ramamurthy T. Fostering research into antimicrobial resistance in
India. BMJ. 2017;358:j3535. Medline:28877874 doi:10.1136/bmj.j3535

6 Veeraraghavan B, Bakthavatchalam YD, Sahni RD, Malhotra S, Bansal N, Walia K. Loss of exclusivity of ceftazi-
dime/avibactam in low- and middle-income countries: a test for antibiotic stewardship practice. Lancet Reg
Health Southeast Asia. 2023;15:100225. Medline:37614349 doi:10.1016/j.lansea.2023.100225

7 Ministry of Health and Family Welfare, Government of India. National List of Essential Medicines of India. New
Delhi, India: Ministry of Health and Family Welfare, Government of India; 2011. Available: https://pharma-dept.
gov.in/sites/default/files/NLEM.pdf. Accessed: 25 July 2025.

8 Koya SF, Ganesh S, Selvaraj S, Wirtz V], Galea S, Rockers PC. Consumption of systemic antibiotics in India in 2019.
Lancet Reg Health Southeast Asia. 2022;4:100025. Medline:37383993 d0i:10.1016/j.1ansea.2022.100025

9 Porter G, Kotwani A, Bhullar L, Joshi J. Over-the-counter sales of antibiotics for human use in India: The chal-
lenges and opportunities for regulation. Med Law Int. 2021;21:147-73. d0i:10.1177/09685332211020786

10 Mathew P, Thomas SA, Chandy SJ. The role of schedule H1 and red line campaign in improving antibiotic use in
India. J Family Med Prim Care. 2022;11:2656-61. Medline:36119342 d0i:10.4103/jfmpc.jfmpc_1811_21

11 About us. NI-KSHAY. 2025. Available: https://www.nikshay.in/Home/AboutUs. Accessed: 25 July 2025.

www.jogh.org e doi: 10.7189/jogh.15.03033 5 2025 e Vol. 15 ¢ 03033

%)
=
Z
o
%
=
=
>



https://pubmed.ncbi.nlm.nih.gov/33186513
https://doi.org/10.1016/S1473-3099(20)30855-0
https://pubmed.ncbi.nlm.nih.gov/37704838
https://doi.org/10.1038/s42003-023-05302-2
https://pubmed.ncbi.nlm.nih.gov/15680781
https://pubmed.ncbi.nlm.nih.gov/15680781
https://doi.org/10.1016/S1473-3099(05)70086-4
https://pubmed.ncbi.nlm.nih.gov/28877874
https://doi.org/10.1136/bmj.j3535
https://pubmed.ncbi.nlm.nih.gov/37614349
https://doi.org/10.1016/j.lansea.2023.100225
https://pubmed.ncbi.nlm.nih.gov/37383993
https://doi.org/10.1016/j.lansea.2022.100025
https://doi.org/10.1177/09685332211020786
https://pubmed.ncbi.nlm.nih.gov/36119342
https://doi.org/10.4103/jfmpc.jfmpc_1811_21
https://jogh.org/documents/2025/jogh-15-03033-s001.pdf

12 World Health Organization Country office for India. Guidelines for use of Delamanid for the treatment of drug
resistant TB in India. New Delhi, India: World Health Organization Country office for India; 2008. Available:
https://tbcindia.mohfw.gov.in/wp-content/uploads/2023/05/8131480597Guidelines-for-use-of-Delamanid-for-
treatment-of-DR-TB-in-India.pdf. Accessed: 25 July 2025.

13 Singh A, Prasad R, Kushwaha RAS, Srivastava R, Giridhar BH, Balasubramanian V, et al. Treatment outcome
of multidrug-resistant tuberculosis with modified DOTS-plus strategy: A 2 years’ experience. Lung India.
2019;36:384-92. Medline:31464209 doi:10.4103/lungindia.lungindia_475_18

14 Molstad S, Lofmark S, Carlin K, Erntell M, Aspevall O, Blad L, et al. Lessons learnt during 20 years of the Swedish
strategic programme against antibiotic resistance. Bull World Health Organ. 2017;95:764-73. Medline:29147057
do0i:10.2471/BLT.16.184374

15 Thursky KA, Hardefeldt LY, Rajkhowa A, Ierano C, Bishop J, Hawes L, et al. Antimicrobial stewardship in
Australia: the role of qualitative research in programme development. JAC Antimicrob Resist. 2021;3:dlab166.
Medline:34806005 doi:10.1093/jacamr/dlab166

16 Corréa JS, Zago LF, Silva-Branddo RRD, Oliveira SM, Fracolli LA, Padoveze MC, et al. Antimicrobial resis-
tance in Brazil: an integrated research agenda. Rev Esc Enferm USP. 2022;56:€20210589. Medline:35175276
d0i:10.1590/1980-220x-reeusp-2021-0589

REFERENCES

9p)
=
=
o
&
=
=
>

17 Detecting Antimicrobial Resistance in Brazil. Antimicrobial Resistance. 17 January 2025. Available: https://www.
cdc.gov/antimicrobial-resistance/stories/ar-in-brazil.html. Accessed: 25 July 2025.

18 Xiao Y, Li L. Legislation of clinical antibiotic use in China. Lancet Infect Dis. 2013;13:189-91. Medline:23427881
doi:10.1016/S1473-3099(13)70011-2

19Yin]J, LiH, Sun Q. Analysis of Antibiotic Consumption by AWaRe Classification in Shandong Province, China, 2012
2019: A Panel Data Analysis. Front Pharmacol. 2021;12:790817. Medline:34880766 doi:10.3389/fphar.2021.790817

20 Government of India, Department of Health and Family Welfare, Ministry of Health and Family Welfare, National
Medical Comission. Advisory regarding antimicrobial resistance and misuse of antimicrobials. New Delhi:
National Medical Commission; 2021. Available: https://www.nmc.org.in/MCIRest/open/getDocument?path=/
Documents/Public/Portal/LatestNews/Advisory.pdf. Accessed: 25 July 2025.

21 Vijay S, Ramasubramanian V, Bansal N, Ohri VC, Walia K. Hospital-based antimicrobial stewardship, India. Bull
World Health Organ. 2023;101:20-27A. Medline:36593779 d0i:10.2471/BLT.22.288797

22 Foxlee ND, Townell N, Heney C, MclIver L, Lau CL. Strategies used for implementing and promoting adherence
to antibiotic guidelines in low- and lower-middle-income countries: A systematic review. Trop Med Infect Dis.
2021;6:166. Medline:34564550 doi:10.3390/tropicalmed6030166

23 Free Diagnostics Service Initiative. National Health Systems Resource Centre. 2025. Available: https://nhsrcin-
dia.org/free-diagnostics-service-initiative. Accessed: 25 July 2025.

24 Central Drugs Standard Control Organisation. Form 12A. Available: https://www.cdsco.gov.in/opencms/
resources/UploadCDSCOWeb/2018/UploadConsumer/Form12A.pdf. Accessed: 6 August 2025.

25 Mathew P, Ranjalkar J, Chandy SJ. Challenges in Implementing Antimicrobial Stewardship Programmes at
Secondary Level Hospitals in India: An Exploratory Study. Front Public Health. 2020;8:493904. Medline:33072690
doi:10.3389/fpubh.2020.493904

Correspondence to:

Kamini Walia

Indian Council of Medical Research
Ansari Nagar, New Delhi-110029
India

waliakamini@yahoo.co.in

2025 e Vol. 15 ¢ 03033 6 www.jogh.org e doi: 10.7189/jogh.15.03033


https://pubmed.ncbi.nlm.nih.gov/31464209
https://doi.org/10.4103/lungindia.lungindia_475_18
https://pubmed.ncbi.nlm.nih.gov/29147057
https://doi.org/10.2471/BLT.16.184374
https://pubmed.ncbi.nlm.nih.gov/34806005
https://pubmed.ncbi.nlm.nih.gov/34806005
https://doi.org/10.1093/jacamr/dlab166
https://pubmed.ncbi.nlm.nih.gov/35175276
https://doi.org/10.1590/1980-220x-reeusp-2021-0589
https://pubmed.ncbi.nlm.nih.gov/23427881
https://doi.org/10.1016/S1473-3099(13)70011-2
https://pubmed.ncbi.nlm.nih.gov/34880766
https://doi.org/10.3389/fphar.2021.790817
https://pubmed.ncbi.nlm.nih.gov/36593779
https://doi.org/10.2471/BLT.22.288797
https://pubmed.ncbi.nlm.nih.gov/34564550
https://doi.org/10.3390/tropicalmed6030166
https://pubmed.ncbi.nlm.nih.gov/33072690
https://doi.org/10.3389/fpubh.2020.493904

