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Background: Antimicrobial resistance (AMR) is one of the biggest threats to global public health. Selection of re-
sistant bacteria is driven by inappropriate use of antibiotics, amongst other factors. COVID-19 may have exacer-
bated AMR due to unnecessary antibiotic prescribing. Country-level knowledge is needed to understand options 
for action. 

Objectives: To review the current situation with respect to AMR in India and initiatives addressing it. Identifying 
areas where more information is required will provide a call to action to minimize further rises in AMR and to 
improve patient outcomes. 

Methods: National AMR initiatives, antibiotic use and prescribing in India, and availability of susceptibility data, in 
particular for the key community-acquired respiratory tract infection (CA-RTI) pathogens (Streptococcus pneu-
moniae and Haemophilus influenzae) were identified. National and international antibiotic prescribing guidelines 
for specific CA-RTIs (community-acquired pneumonia, acute otitis media and acute bacterial rhinosinusitis) 
commonly used locally were also reviewed, plus local antibiotic availability. Insights from a local clinician and 
clinical microbiologist were sought to contextualize this information. 

Conclusions: Many initiatives have been launched since AMR was recognized as a national priority and organi-
zations such as the Indian Academy of Paediatrics and the Global Antibiotic Resistance Partnership have worked 
to build awareness. The Indian Ministry of Health and Family Welfare published a 5 year national action plan on 
AMR. However, the burden of infectious disease and consumption of antibiotics in India is high. There have been 
national surveillance studies generating local data along with international studies such as Survey of Antibiotic 
Resistance (SOAR) and Antimicrobial Testing Leadership and Surveillance (ATLAS). For common RTIs, clinicians 
use a range of international and national guidelines. However, a more standardized inclusive approach to de-
veloping local guidelines, using up-to-date local surveillance data from community-acquired infections, could 
make guidelines more locally relevant. This would encourage more appropriate antibiotic prescribing and 
improve adherence. This would, in turn, potentially limit AMR development and improve patient outcomes.

© The Author(s) 2022. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/ 
by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction
Antimicrobial resistance (AMR) is one of the biggest threats to 
public health throughout the world1 as described in the introduc-
tory paper of this Supplement.2 The WHO states that ‘the world 
urgently needs to change the way it prescribes and uses antibio-
tics. Even if new medicines are developed, without behaviour 
change, antibiotic resistance will remain a major threat’.3

The first paper in this Supplement included details about the mul-
tiple factors which can drive a rise in AMR, along with the global 
initiatives that are in place to address this threat.2 Each country 
and/or region must also play their part through local initiatives.

In order to identify how AMR can be addressed in India in the 
future, it is necessary to review what is happening now. In this pa-
per, we present the current situation in India, determined by 
using published information (from searching PubMed, Google 
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Scholar and the internet) to ascertain any national initiatives to 
address AMR, antibiotic use and prescribing, and availability of 
susceptibility data, in particular for the key community-acquired 
respiratory tract infection (CA-RTI) pathogens Streptococcus 
pneumoniae and Haemophilus influenzae. National and inter-
national antibiotic prescribing guidelines for CA-RTIs [specifically 
community-acquired pneumonia (CAP), acute otitis media 
(AOM), and acute bacterial rhinosinusitis (ABRS)] commonly 
used by healthcare professionals were also reviewed, along 
with how these link to local antibiotic availability. Insights from 
a clinician and from a clinical microbiologist in India were sought 
to contextualize this information. In addition, we aimed to iden-
tify areas where more information is required and present a call 
to action to improve clinical outcomes for patients and to minim-
ize further rises in AMR within India.

Action Plan development
In recent years, addressing AMR has been recognized in India as a 
national priority and a range of strategies has been introduced, 
including educational and awareness initiatives, infection control 
guidelines, audit and feedback, and antimicrobial stewardship 
(AMS).4 Organizations such as the Indian Academy of 
Paediatrics, the Global Antibiotic Resistance Partnership and the 
Indian Council of Medical Research (ICMR) have worked to build 
awareness concerning rising AMR amongst professional bodies, 
the media, and the general public. A key milestone was the 
Chennai Declaration of 2012, the output from the first ever meet-
ing of medical societies in India which aimed to address AMR by 
formulating a 5 year strategy to develop a road map for combat-
ing the global challenge of AMR from the Indian perspective.4

In 2016, the ‘Medicines with the Red Line’ campaign was 
launched as a way of addressing the increasing misuse of anti-
biotics by educating and informing patients. All prescription-only 
antibiotics were marked with a red line on the packaging and pa-
tients were informed that any antibiotic marked in this way 
should only be taken following prescription and advice from their 
doctor and the complete course should be taken. The aim was to 
discourage over-the-counter (OTC) purchase of antibiotics and 
unnecessary antibiotic prescribing through raised awareness.4

Following the formulation by the World Health Assembly in 
2015 of a Global Action Plan (GAP) for AMR5 many countries be-
gan to develop their own National Action Plan (NAP) on AMR. In 
April 2017, in response to this WHO initiative,5 the Indian 
Ministry of Health and Family Welfare published a 5 year NAP 
(2017–21) on AMR outlining the priorities and implementation 
strategies for curbing AMR in India.4,6 The first five strategic prior-
ities of NAP-AMR are firmly aligned with the GAP on AMR and an 
additional sixth strategic priority highlights India’s aspirational 
aim to contain AMR at an international level with other countries 
and organizations, national disease control programmes and at a 
sub-national/state level through development of state action 
plans on AMR.4,6

Burden of disease
The burden of infectious disease in India (population, as of 2022, 
1 403 458 058)7 is considered to be amongst the highest in the 
world and includes infections due to multiresistant pathogens.6

In 2010, India was the world’s largest consumer of antibiotics 
in humans.4 Antibiotic consumption in India is high due to: 
easy access to OTC medicines, self-medication based on word 
of mouth advice or on internet searching, non-availability or non- 
utilization of clinical microbiology laboratory services for cultures 
and antibiotic susceptibility testing (AST), variation in the ap-
proach of clinicians to antibiotic prescribing, lack of antibiotic de- 
escalation, regulatory issues and commercial antibiotic promo-
tion.4,6 Underuse of antibiotics due to lack of access to good qual-
ity and affordable antibiotics is also common in India, leading to 
significant mortality (particularly in paediatrics). In addition to 
human healthcare, antibiotics are also used in animal husbandry, 
fisheries (for treatment and growth promotion), as well as in agri-
cultural sectors. The lack of knowledge among the public is also a 
matter of concern regarding appropriate use of antibiotics along 
with poor compliance and self-medication.6 Another factor con-
tributing to the crisis of AMR is environmental pollution due to 
pharmaceutical, livestock and hospital waste.4,8

Surveillance
National surveillance studies
In India, several systematic national surveillance studies gener-
ating local data have been described.4,6,8 There are also a small 
number of studies from individual units or hospitals which have 
provided information on local AMR. Whilst these local data are 
extremely useful within a specific hospital or city, they cannot 
provide a full picture nationally. Therefore, in response and acting 
on the aims of the NAP, the Indian Council of Medical Research 
(ICMR) established an AMR surveillance network (ICMR-AMRSN) 
in tertiary care hospitals across India.6,9 Alongside this network, 
ICMR has developed a fully customizable tool for the collection, 
management, analysis and reporting of the AMR data. It is a soft-
ware package and tool for management and analysis of AST and 
antimicrobial consumption data collected through multiple la-
boratories across India and has the additional aim of enforcing 
quality antimicrobial susceptibility testing in laboratories. The 
National Centre for Disease Control (NCDC) is the focal point for 
implementation of the programme and has the overall aim of un-
derstanding the extent and pattern of AMR and making use of 
this information when formulating strategies designed to pre-
vent AMR spread.6 The Indian NAP also recognizes that, since mi-
crobiologists and clinical microbiology laboratories are the 
cornerstones for surveillance, it is vital to improve the quality of 
laboratories by ensuring increased availability of trained person-
nel and adequate infrastructure, reinforced quality controls, and 
hands-on training support from tertiary care institutions.4

Global surveillance studies
SOAR

Several global surveillance studies provide antibiotic susceptibil-
ity data in India. Survey of Antibiotic Resistance (SOAR) is a multi-
national antibiotic surveillance study, ongoing in an expanding 
range of countries since 2002. The study aims to collect and 
make available in published, peer-reviewed papers, antibiotic 
susceptibility data, specifically for S. pneumoniae and H. influen-
zae, the most commonly isolated bacterial respiratory pathogens 
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in the community.10 Key features of the SOAR study are that the 
focus is on only these pathogens, and that identification and sus-
ceptibility testing are performed in an independent centralized 
laboratory using standardized methodology (CLSI) allowing for 
comparisons to be made between countries or regions and for 
the identification of trends over time.10 New SOAR data is ana-
lysed based on three different breakpoints: CLSI, EUCAST dose 
specific, and PK/PD breakpoints.

Clinical breakpoints are cut-off MIC values used to classify mi-
croorganisms into the clinical categories susceptible (S), inter-
mediate (I) and resistant (R) to assist in prediction of the 
clinical success or failure of a specific antibiotic.10 Two main inter-
national organizations define breakpoint values: CLSI and 
EUCAST. Due to variation in criteria for their definition, there are 
some differences between CLSI and EUCAST in the clinical break-
point values for certain bacteria for some antibiotics and this can 
impact susceptibility interpretation of clinical isolates.11 EUCAST 
breakpoints are dose-specific and use the EMA-approved doses 
that are included in the Summary of Product Characteristics of 
an antibiotic. This means that by application of breakpoints for 
higher doses, the effect of using a raised dose on the clinical ef-
ficacy of a particular antibiotic can be predicted. Currently, most 
clinical microbiology laboratories in India use CLSI breakpoints, 
however the international application of the EUCAST breakpoints 
is expanding,12 so it is possible that dose-specific breakpoints 
could at some time also be applied in India. The EUCAST dose- 
specific breakpoints can also be used retrospectively to calculate 
the susceptibility of previously collected isolates, to show the sus-
ceptibility levels that would have been achieved at higher doses.

The use of the EUCAST dose-specific breakpoints shows the 
effect of increasing the antibiotic dose on the susceptibility of a 

pathogen, providing additional information so the prescriber 
can decide if a higher dose would be of benefit. For example, S. 
pneumoniae, the most isolated respiratory pathogen13,14 from 
infections such as CAP, AOM and ABRS, has over time become 
less susceptible to amoxicillin/clavulanic acid in some coun-
tries15 since the MICs of some isolates have increased. When 
treating infections, it is important to be able to eradicate bacter-
ial pathogens with raised MICs to optimize clinical outcome 
while at the same time minimizing the risk of selecting variants 
with even higher MICs. This is possible because β-lactams, unlike 
many other antibiotics, have time-dependent killing properties. 
Their efficacy depends on the amount of time the required drug 
concentration is present at the site of action. Although increas-
ing the concentration at the infection site above a particular va-
lue will not have any effect on the efficacy, the use of higher 
doses and/or more frequent dosing allows for successful eradi-
cation of infections caused by pathogens with higher MICs 
because the time above the MIC at the site of infection is 
increased.16

SOAR results for India, collected from outpatients with 
confirmed CA-RTIs at four sites in 2012–14, show that when 
applying CLSI breakpoints, 91.8% of S. pneumoniae (n = 219) iso-
lates were susceptible to amoxicillin/clavulanic acid, but this fell 
to 66.3% and 54.8% for the macrolides azithromycin and cla-
rithromycin, respectively. For the fluoroquinolone, levofloxacin, S. 
pneumoniae susceptibility was 85.8%10 (Figure 1). For H. influen-
zae isolates (n = 135) from India, a high susceptibility of 97% to 
amoxicillin/clavulanic acid was seen, applying CLSI criteria. 
(Figure 2). Susceptibility to ampicillin was 91.1%, reflecting the 
presence of β-lactamase-positive isolates.10 The H. influenzae iso-
lates showed a high susceptibility to the other antibiotics tested, 

Figure 2. Percentage susceptibility rates based on CLSI breakpoints for 
antibiotics against H. influenzae isolates (n = 135) collected as part of 
the SOAR study in India in 2012–14. a134 isolates tested. b94 isolates 
tested. c108 isolates tested.

Figure 1. Percentage susceptibility rates based on CLSI breakpoints for 
antibiotics against S. pneumoniae isolates (n = 219) collected as part of 
the SOAR study in India in 2012–14. a218 isolates tested. b183 isolates 
tested. c199 isolates tested.
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except for clarithromycin (66.7% susceptible) and trimethoprim/ 
sulfamethoxazole (23.0% susceptible).

ATLAS

The Antimicrobial Testing Leadership and Surveillance (ATLAS) 
database is a global AMR surveillance programme which is fully 
searchable. It is available for general access and covers suscepti-
bilities of a range of bacterial and fungal pathogens to various 
antimicrobials.17 ATLAS data is analysed based on CLSI and 
EUCAST breakpoints. Susceptibility data for India is currently 
available for only a small number of S. pneumoniae isolates 
(n = 11) from 2019 and H. influenzae isolates from 2016 (n = 23) 
and 2019 (n = 37) (Figures 3 and 4). S. pneumoniae was not 
tested against amoxicillin/clavulanic acid but the results avail-
able corroborate the reduction in susceptibility to macrolides 
(27.3%) as seen in the SOAR data. In the ATLAS data, H. influen-
zae isolates remained fully susceptible to amoxicillin/clavulanic 
acid and ceftriaxone in 2016 and 2019.17

GLASS

In 2015, WHO launched the Global Antimicrobial Resistance and 
Use Surveillance System (GLASS). GLASS is the first global system 
to collect national AMR data for selected bacterial pathogens 
that cause common infections. The aim is to monitor the preva-
lence of AMR among major pathogens in clinical settings to pro-
vide the supporting data required to ensure that countries can 
design cost-effective, evidence-based AMR response strat-
egies.18,19 During the first 4 years, 91 countries or territories en-
rolled in GLASS and data for over two million patients from 
66 countries are included.19 Pathogens currently included in 
GLASS-AMR are: Acinetobacter spp., Escherichia coli, Klebsiella 
pneumoniae, Neisseria gonorrhoeae, Salmonella spp., Shigella 

spp., Staphylococcus aureus, and S. pneumoniae and a new and 
important component is the inclusion of antimicrobial consump-
tion (AMC) surveillance at the national level.20 GLASS data is ana-
lysed based on CLSI and EUCAST breakpoints. India is 
participating in the GLASS initiative but, according to the early im-
plementation report for 2020, whilst S. pneumoniae isolates from 
blood samples will be included, no results are currently available 
within the system.19

Disease Management Guidelines
For management of the common RTIs, CAP, AOM and ABRS, in 
India clinicians make use of a range of national/international 
antibiotic prescribing guidelines, examples of which are shown 
in Table 1. Most guidelines suggest a first-line antibiotic or anti-
biotics along with alternatives, and then a second-line antibiotic 
or antibiotics, also with alternatives. The first-line antibiotic is the 
recommended initial choice that should be prescribed by the clin-
ician following diagnosis of the infection, supported by the cri-
teria defined by the organization or committee; alternatives 
may be provided for use in particular circumstances. The second- 
line antibiotic is for use if the first-line antibiotic does not achieve 
the anticipated outcome, and again alternatives may be included 
for specific circumstances.

International antibiotic prescribing guidelines
For the management of CAP in adults and paediatrics, 
the international guidelines referred to by clinicians in India 
include those from the British Thoracic Society (BTS)26,27 the 
IDSA28,36 and from the UK’s National Institute for Health and 

Figure 3. Percentage susceptibility rates based on CLSI breakpoints for 
antibiotics against S. pneumoniae isolates (n = 11) from the ATLAS surveil-
lance programme in India in 2019. Data access date 11 November 2021.

Figure 4. Percentage susceptibility rates based on CLSI breakpoints for 
antibiotics against H. influenzae isolates from the ATLAS surveillance pro-
gramme in India in 2016 and 2019. Data access date 21 November 2021.
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Care Excellence (NICE).35 For example, a first-line antibiotic 
treatment recommendation for CAP management from the 
IDSA 2019 guideline for treating adults with no comorbidities 
or risk factors for MRSA or Pseudomonas aeruginosa is amoxi-
cillin or doxycycline or a macrolide (if the local pneumococcal 
resistance is <25%) but if the patient has comorbidities, the 
recommendation is combination therapy with amoxicillin/cla-
vulanic acid or a cephalosporin plus a macrolide or doxycycline, 
or monotherapy with a respiratory fluoroquinolone. The 
amoxicillin/clavulanic acid dose would be 875 mg/125 mg 
twice daily or 500 mg/125 mg three times daily or amoxicil-
lin/clavulanic acid 2000 mg/125 mg twice daily plus either a 
macrolide or doxycycline36 and the NICE 2019 guidelines rec-
ommend amoxicillin/clavulanic acid for young people over 
1 month and under 18 years and for adults as first-line treat-
ment for severe symptoms.35 For the management of AOM, 
the international guidelines referred to in India include those 
from the American Academy of Pediatrics30 and NICE guid-
ance.34 For the management of ABRS in adults and paediatrics, 
international guidelines used include those from the IDSA29

and NICE.33 For ABRS in children (with no penicillin allergy), 
the IDSA recommend initial empirical treatment as first-line, 
amoxicillin/clavulanic acid 45 mg/kg/day twice daily and in 
adults (with no penicillin allergy) first-line amoxicillin/clavula-
nic acid 500 mg/125 mg three times daily or 875 mg/125 mg 
twice daily.29

National antibiotic prescribing guidelines
Concerning local Indian guidelines for management of CAP, AOM 
and ABRS, currently the commonly referred to documents are 
National Treatment Guidelines (NTG) for Antimicrobial Use in 
Infectious Diseases 2016,22 Treatment Guidelines for 
Antimicrobial Use in Common Syndromes 2019,23 and Joint ICS/ 
NCCP(I) 2012 Guidelines for Diagnosis and Management of 
Community and Hospital-acquired Pneumonia in Adults.21 For ex-
ample, the NTG 2016 National Treatment Guidelines for 
Antimicrobial Use in Infectious Diseases recommends amoxicil-
lin/clavulanic acid for the treatment of ABRS in adults at a dose 
of 1 g/day twice daily and for severe ABRS in children, 45 mg/kg/ 
day twice daily.22

Antibiotic availability
Access to antibiotics may be an issue for patients in low- and 
middle-income countries. Drug supply chains may also contrib-
ute to the problem. Limited access to the most appropriate anti-
biotic to treat a specific infection may result in increased 
mortality from treatable bacterial infections and, the use of sub-
optimal amounts of antibiotic facilitates resistance development 
and allows resistant strains to persist.37,38

In India, taking amoxicillin/clavulanic acid as an example, sev-
eral currently available formulations are mentioned as first-line 
or second-line recommendations by the RTI management guide-
lines. Examples include combination therapy of amoxicillin/ 

Table 1. Examples of local and international antibiotic prescribing guidelines referred to by physicians in India for the management of 
community-acquired respiratory tract infections

Local antibiotic prescribing guidelines

Joint Indian Chest Society (ICS) and the National College of Chest Physicians (NCCP) of India 2012: Guidelines for Diagnosis and Management of 
Community and Hospital-acquired Pneumonia in Adults21

National Centre for Disease Control (NTG) 2016: National Treatment Guidelines for Antimicrobial Use in Infectious Diseases22

Indian Council of Medical Research (ICMR) 2017: Indian Council of Medical Research Treatment Guidelines for Antimicrobial Use in Common 
Syndromes23

Indian Council of Medical Research (ICMR) 2019: Indian Council of Medical Research. Treatment Guidelines for Antimicrobial Use in Common 
Syndromes24

International antibiotic prescribing guidelines

IDSA 2007: Infectious Diseases Society of America. Guidelines on the Management of Community-acquired Pneumonia in Adults25

BTS 2009: British Thoracic Society Guidelines for the Management of Community-acquired Pneumonia in Adults: update 200926

BTS 2011: British Thoracic Society Guidelines for the Management of Community-acquired Pneumonia in Children: update 201127

IDSA/PIDS 2011: The Management of Community-Acquired Pneumonia in Infants and Children Older Than 3 Months of Age: Clinical Practice Guidelines 
by the Pediatric Infectious Diseases Society and the Infectious Diseases Society of America28

IDSA 2012: IDSA Clinical Practice Guideline for Acute Bacterial Rhinosinusitis in Children and Adults29

AAP 2013: American Academy of Pediatrics. The Diagnosis and Management of Acute Otitis Media30

AAP 2013: American Academy of Pediatrics: Clinical Practice Guideline for the Diagnosis and Management of Acute Bacterial Sinusitis in Children Aged 1 
to 18 years31

NICE 2014: Pneumonia in Adults: Diagnosis and Management32

NICE 2017: Sinusitis (acute) Antimicrobial Prescribing33

NICE 2018: Otitis media (acute): Antimicrobial Prescribing34

NICE 2019: Pneumonia (community-acquired): Antimicrobial Prescribing35

IDSA 2019: Diagnosis and Treatment of Adults with Community-acquired Pneumonia. An Official Clinical Practice Guideline of the American Thoracic 
Society and Infectious Diseases Society of America36
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clavulanic acid 500 mg/125 mg three times daily with a macro-
lide, which is recommended in the NICE 2019 guidelines for the 
treatment of CAP in adults and children with severe CAP. In the 
ICMR 2019 guidelines for adult CAP patients with no comorbid-
ities, amoxicillin/clavulanic acid 1 g twice daily or 625 mg three 
times daily is recommended. It was not until April 2021 that 
amoxicillin/clavulanic acid 90 mg/kg or 4 g/0.25 g per day (high- 
dose) was available in India. High-dose regimens are recom-
mended by: IDSA 2007 CAP treatment guidelines25 for outpati-
ents with comorbidities; IDSA 2011 guidelines for the 
treatment of paediatric CAP in outpatients;28 IDSA 2012 treat-
ment guidelines for sinusitis29 as initial treatment for children 
and in adults with risk of treatment failure; AAP 2013 guidelines 
as initial or delayed treatment of AOM in children30 or after failure 
of initial treatment; and by the IDSA 2019 guidelines for adults 
CAP patients with comorbidities.36

Substandard, poor-quality or falsified antibiotics promote AMR 
and the spread of drug-resistant infections,39 since poor-quality 
antibiotics are unlikely to contain the full dose needed to elimin-
ate all of the infecting pathogens, which will encourage resist-
ance to develop and allow resistant strains to survive and be 
transmitted.40 The quality of medicines, specifically antibiotics, 
is an important consideration for countries worldwide. The 
WHO launched a Global Surveillance and Monitoring System 
(GSMS) for substandard and falsified products.40 The GSMS aims 
to work with WHO member states to improve the quality of re-
porting of substandard and falsified medical products, and, im-
portantly, to ensure the data collected are analysed and used 
to influence policy, procedure, and processes to protect public 
health, at the national, regional and the global level. Use of sub-
standard or falsified antibiotics not only compromises clinical 
outcome but also risks increased AMR. The most recent summary 
(2013–17) reported substandard and falsified medicines in 46 
member states (including India) and antibiotics represent 
16.9% of all products reported, second only to malaria drugs 
(19.6%).40

Local insights
Clinical microbiologist expert comment
From a clinical microbiologist’s perspective, AST, performed for 
clinically relevant bacterial isolates based on the site of infection 
is vital, not only for guiding therapy for a specific patient but also 
for understanding epidemiological trends of different pathogens 
and for the choice of antimicrobials used for empirical or targeted 
therapy. Every healthcare facility should maintain its local anti-
biogram for important pathogens due to variation between 
areas, as illustrated by studies of S. pneumoniae in India which re-
veal a range in penicillin resistance from 3.8% to 30%.41 In such a 
large country as India, it is important to capture susceptibility 
variation in order to optimize antibiotic use.

Antibiograms, along with clinical outcome data, contribute to 
the preparation of local, national and international guidelines 
for empirical antibiotic prescribing. Without local or national 
data, one can still refer to international guidelines especially for 
community-acquired pathogens to define empirical choices. 
Antibiotic prescribing guidelines allow for standardization of ther-
apy with respect to primary and secondary choices, route, dose, 

frequency and optimum duration for treatment. In the absence 
of such guidelines, antibiotic abuse prevails which further drives 
AMR. Another factor driving antibiotic use is access. In India, ac-
cess to antibiotics is a major cause of concern because of the ex-
tensive availability of OTC antibiotics. It has been suggested that 
in some situations, when there is limited access to a healthcare 
professional (HCP) or in resource-limited settings, OTC purchase 
of antibiotics may be needed, but self-medication risks antibiotic 
misuse and can result in increasing resistance.42 Further risk fac-
tors for AMR include counterfeit medications and sharing antibio-
tics between family members. Balancing access and excess 
therefore remains key to minimizing antibiotic abuse and AMR. 
Primary care and outpatient settings need to adopt AMS, diag-
nostic stewardship (making diagnostics readily available) and in-
fection prevention and control practices to use antibiotics 
effectively. Capacity building of community health workers, phar-
macists and doctors towards appropriate antibiotic use and im-
proving community involvement through education and 
awareness will minimize antibiotic abuse in the long term. The 
success of any of these interventions requires strong political 
will and leadership support.

Common challenges faced by clinical microbiology laborator-
ies when undertaking and reporting the results of AST include in-
appropriate specimen provision (e.g. sending swabs instead of 
fluids or tissue samples), AST reports being requested: (i) for colo-
nizers; (ii) when there is ‘no growth’; (iii) for antibiotics that do not 
concentrate at the infection site; (iv) for antibiotics that are not 
active against the pathogen; and (v) for antibiotics that are not 
included in CLSI/EUCAST or local guidelines. In addition, physi-
cians may compare and prefer non-standard reporting patterns 
(+/−) with standard reporting (S/I/R) as per CLSI or EUCAST. 
There is also a lack of understanding among clinicians on how 
to use MICs, especially for drug-resistant pathogens. Lack of pa-
tient histories may result in physicians requesting AST reports for 
whatever has grown, which overestimates infection rates, espe-
cially at non-sterile sites, leading to unnecessary antibiotic pre-
scribing. Poor communication between clinical microbiologists 
and physicians may result from lack of insight into each other’s 
field of expertise.

Frequent informal and formal discussion between both ex-
perts on challenging cases or samples that need to be sent for 
appropriate diagnosis, antibiotics to be tested, mechanisms of re-
sistance, and escalation or de-escalation strategies would great-
ly help. Good IT back up is needed for quick and sustained 
communication of AST results and hospital-based laboratories 
should ensure continuous availability of microbiology services 
along with written guidance to the clinical team on specimen col-
lection, storage and transport, in order to optimize recovery of 
pathogens. Regular clinicopathological co-relation meetings/ 
journal clubs to discuss cases from the clinical and microbiology 
perspectives would promote communication and understanding 
along with participation of microbiologists in clinical rounds to 
open channels for bedside case discussions and exchange of in-
formation. Inclusion of advisory notes on AST reports regarding 
preferred antibiotic choice, mechanism of drug resistance, add-
itional tests that may support clinical diagnosis or management 
of the infectious disease would also improve the situation. There 
is also an urgent need to introduce compulsory refresher training 
programmes for all HCPs prescribing antimicrobial agents at 
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intervals to understand and adopt good antimicrobial prescribing 
practices. Finally, annual, or more frequent, discussions between 
different specialities regarding antibiotic patterns of important 
pathogens and empirical choices of therapy to formulate the 
antibiotic policy would be beneficial.

Clinician expert comment
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 ra-
tional choices when treating these bacterial infections. In add-
ition, HCPs should be regularly alerted to rational antibiotic use. 
A community-acquired pathogen susceptibility registry that is 
India-specific is lacking; only sporadic data are available in pub-
lished papers. There are many good initiatives underway from 
the Indian government, such as the ICMR, but the data published 
here are mainly related to Gram-negative hospital-acquired in-
fections, which is not helpful to the physician managing 
CA-RTIs. In addition, antibiograms produced by major hospitals 
do not reflect the situation within the community, however if 
they do exist for a specific hospital, they should be updated on 
an annual basis.

In clinical practice in India, it is advisable to check any avail-
able local antibiotic surveillance data that exists ahead of pre-
scribing antibiotics, along with local management guidelines 
including those produced by the ICMR, Indian Academy of 
Pediatrics (IAP) and NTG, and to check pathogen prevalence 
data, management guidelines and local hospital susceptibility 
data, if available. Patient education is also vital, covering the mis-
use of antibiotics, such as not purchasing OTC antibiotics and also 
the need to complete the full course as prescribed by the phys-
ician. This is where campaigns, such as ‘Medicines with the Red 
Line’, which educate the public and help enforce pharmacy 
laws can be effective but need to be regularly revisited and re-
freshed. AMS programmes are also important, and they should 
be implemented at all levels, including in the pharmacy. Most pa-
tients do not complete the full course of antibiotics as prescribed 
by HCPs. Parents should also be educated about the need for, and 
the importance of, completing the course of antibiotics as pre-
scribed. There should be regular continuing medical education 
(CME) and awareness programmes for HCPs about rational selec-
tion and appropriate use of antibiotics.

Conclusions
In an era of rising AMR throughout the world, this paper aims to 
define areas where action is required to address AMR by analys-
ing and understanding the current situation within India. 
Information is presented concerning antibiotic use and prescrib-
ing, approach to AMR, availability of local susceptibility data, use 
of international and/or local management guidelines and how 
these link to antibiotic availability. To our knowledge, this is the 
first time this information has been reviewed and presented in 
detail by country.

Antibiotic use in India is extremely high; in 2010, India was the 
world’s largest consumer of antibiotics for human health and the 
burden of infectious diseases in India is amongst the highest in 
the world. In terms of surveillance, there are a small number of 

studies from individual units or hospitals that have provided in-
formation on local AMR and the ICMR have established an AMR 
surveillance network (ICMR-AMRSN) in tertiary care hospitals 
across India. Several global surveillance studies also include 
data for India including SOAR and ATLAS. The WHO GLASS study 
will also provide useful data in the future, but complete and ro-
bust surveillance data is required for bacterial pathogens respon-
sible for community-acquired infections.

For management of the common RTIs, CAP, AOM and ABRS in 
India, clinicians make use of several country-specific local antibiotic 
prescribing guidelines plus a wide range of international antibiotic 
prescribing guidelines. For the management of CA-RTIs, amoxicil-
lin/clavulanic acid is an antibiotic commonly recommended by 
both international and local prescribing guidelines. Susceptibility 
studies (ATLAS and SOAR) confirm that susceptibility of the com-
mon RTI pathogens, S. pneumoniae and H. influenzae remains 
high, supporting these recommendations in India.

The clinical microbiologist and clinician are united in their wish 
for local up-to-date susceptibility data to support empirical antibiot-
ic prescribing. An increase in local surveillance studies would allow 
local management guidelines to be updated regularly which, if ap-
plied along with guidelines relating to the management of viral dis-
eases such as COVID-19 would improve clinical outcomes and 
minimize further rises in AMR. While a range of international guide-
lines is utilized by clinicians in India, a more standardized inclusive 
approach is needed to develop local country-specific guidelines. 
These guidelines would be based on up-to-date surveillance data 
of isolates from community-acquired infections, which would 
make them more locally relevant for clinicians, reiterating the 
Consensus Principles as described in the introductory paper to this 
Supplement.2 This would pave the way for improved adherence 
and a higher level of appropriate antibiotic prescribing in CA-RTIs 
which could, in turn, potentially limit AMR development and im-
prove clinical outcomes for patients.
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