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Background: In the late 1990s, as a response to rising antimicrobial resistance (AMR), an independent multi-
national, interdisciplinary group was formed specifically targeting primary care antibiotic prescribing for com-
munity-acquired respiratory tract infections (CA-RTIs). The group comprised senior clinicians from Canada,
Israel, Spain, Sweden, UK and USA. The group’s objectives were to provide recommendations for antibiotic stew-
ardship in the community because, whilst it was widely accepted that inappropriate antibiotic use was contrib-
uting to AMR, it remained difficult to change prescribing behaviour. The group aimed to identify principles
underlying appropriate antibiotic prescribing and guideline formulation to reduce morbidity from CA-RTIs, limit
therapeutic failure and, importantly, curb AMR emergence. The group published a report in 2002, which has be-
come known as the Consensus Principles.

Objectives: (i) To consider the relevance of the Consensus Principles in 2022 by reviewing current global ap-
proaches to rising AMR. A wide range of factors, such as antibiotic overuse, most recently seen in COVID-19 pa-
tients, are still driving rising AMR even though there has been a high-level international response to the AMR
threat; and (ii) as an introduction to this Supplement, which reports the findings of analyses of how AMR is being
addressed in nine disparate countries (Brazil, India, Kuwait, Mexico, Pakistan, Russia, Saudi Arabia, Tirkiye and
Vietnam). Understanding how these initiatives are being pursued in different countries helps identify areas
where more information is needed.

Conclusions: Adherence to the Consensus Principles remains as important now as it was in 2002. Achieving
appropriate antibiotic prescribing is a vital objective in order that the right patient receives the right antibiotics
at the right time to ensure optimal clinical outcomes while at the same time helping to limit further increases

in AMR.

Introduction

The World Health Organization (WHO) describes antimicrobial re-
sistance (AMR) as one of the biggest threats to global public
health,! stating that ‘the world urgently needs to change the
way it prescribes and uses antibiotics. Even if new medicines
are developed, without behaviour change, antibiotic resistance
will remain a major threat’.? New antibiotic resistance mechan-
isms threaten our ability to treat common bacterial infections
and, without urgent action, we are heading for a post-antibiotic
era, in which common infections and minor injuries could once
again be fatal.»?

Without effective antimicrobials, management of infections
in critically ill patients (and those with various immunosup-
pressed conditions including, but not restricted to, organ trans-
plantation, cancer chemotherapy, uncontrolled diabetes or

major surgery) would be extremely difficult and sometimes
even impossible.™? It has been widely demonstrated that AMR
increases healthcare costs due to prolonged hospital stays, in-
creased intensive care requirements and the need for additional
antibiotics.™?

Although the development of AMR is a natural phenomenon,
the selection of resistant bacterial strains is driven by antibiotic
use in both humans and animals.*~> Other circumstances leading
to the emergence and spread of AMR include global travel, poor
sanitation, shortage of rapid diagnostic facilities, excessive anti-
biotic use in animal husbandry, environmental spillages, overpre-
scribing of broad-spectrum antibiotics, antibiotic misuse,
inappropriate antibiotic prescribing and use of poor quality anti-
biotics.>™

The ongoing global COVID-19 pandemic has added an add-
itional and very concerning dimension to this scenario.
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The incidence of bacterial co-infection or superinfection in
COVID-19 patients (who are suffering from a viral infection) is
low and the prevalence of antibiotic prescribing amongst these
patients is high, as shown by a large meta-analysis in which
the estimated bacterial co-infection rate in COVID-19 patients
was 8.6% but the prevalence of antibiotic prescribing was
74.6%.° In addition, in the early part of the pandemic, azithromy-
cinwas prescribed for a high proportion of COVID-19 patients as it
was considered to be a potentially therapeutic agent. Concerns
have been raised that this over-prescribing of azithromycin dur-
ing the COVID-19 pandemic could encourage an increase in re-
sistance to macrolides.” The elevated level of antibiotic
prescribing in general during the pandemic has led many authors
to warn of the possible concomitant risk of a rise in AMR. 8713

A further dynamic relates to the unusual position occupied by
infectious diseases and their treatment. Unlike other medical
conditions that involve the use of drugs that interact with bio-
chemical pathways or physiological systems in the patient’s cells
and tissues, antibiotics act on unique molecular targets present
in the bacterial pathogen. Thus, antibiotic treatment involves ‘se-
lective toxicity’ with the aim of eradicating the pathogen, or at
least reducing the bacterial load, without harming the patient.
Antibiotics are ‘societal’ drugs, as their use by an individual can
affect other members of society. Unlike any other class of drug,
use of antibiotics can result in their own reduced efficacy due
to increasing resistance. This, in turn, can affect other members
of society because the efficacy of the antibiotic has been dimin-
ished.!"1®

Discovery of antibiotics and antimicrobial
resistance development

The modern age of antimicrobial therapy commenced in 1910
when the German physician and scientist Paul Ehrlich introduced
Salvarsan as the first antimicrobial agent for the treatment of
syphilis.*” The implications of AMR were, however, soon recog-
nized and in 1945 in his Nobel Lecture, Sir Alexander Fleming cau-
tioned not only on the perils of over-the-counter availability of
antibacterial agents but also raised concerns about the possible
future abuse of antibiotics. He warned how both overuse, and
particularly underuse of penicillin would lead to resistance devel-
opment and predicted what this would mean in terms of future
treatment.® Recent research reveals that genes for resistance
to antimicrobial agents were present in bacteria at least three
million years before evidence of humans; it is the recent use of
antibiotics that has selected for these genes and led to the wide-
spread development and transmission of resistance.'*° During
the period from the 1940s to the 1960s, all major antibiotic
classes in use today were developed, including the aminoglyco-
sides, B-lactams, macrolides, sulphonamides, glycopeptides,
fluoroquinolones, tetracyclines and others.’! By the end of the
1980s, however, many pharmaceutical companies had reduced
their antibiotic research investment resulting in a dramatic de-
crease in the number of new antibiotics being developed. This
‘Innovation Gap’ meant that no new classes of antibiotics were
available to replace those rendered less useful due to resist-
ance.’??3 Antibiotic research has continued to decline; whilst
18 large pharmaceutical companies had been actively involved

in the area in 1990, by 2013 this number had dropped to just
four.?32%

By the end of the twentieth century, it was acknowledged that
increasing AMR amongst the main respiratory pathogens was
compromising the therapy of the major respiratory syndromes,
such as bacterial pneumonia and acute exacerbations of chronic
obstructive pulmonary disease.?”

Response to AMR

Whilst it was generally accepted that inappropriate use of anti-
biotics had contributed to the emergence of resistant patho-
gens, it remained difficult to change prescribing behaviour.
This reflected in part the fact that the profusion of guidelines
for antibiotic prescribing attempting to address these issues
offered varying recommendations. In an effort to address this
issue, towards the end of the 1990s an independent multi-
national, interdisciplinary panel, the Consensus Group on
Resistance and Prescribing in Respiratory Tract Infections, was
formed to provide recommendations to help manage this situ-
ation.?® This international group comprised senior clinicians
from Canada, Israel, Spain, Sweden, UK and USA who were uni-
ted by their interest in infectious disease management and add-
itionally by their concerns about how rising AMR could, if
unchecked, seriously compromise clinical outcomes and the
longevity of antibiotics.?”

The objectives of the Consensus Group were to optimize anti-
biotic therapy in order to reduce morbidity, therapeutic failure
and consequent added cost and prevent resistance emergence.
Primary care antibiotic prescribing, in particular, was targeted
as it accounted for the majority of antibiotic prescriptions, a
high percentage of which were for respiratory tract infection
(RTI).?> Primary care physicians were under pressure from
many directions, such as peer groups, pharmaceutical marketing,
regulatory bodies, formulary and gquideline committees, but
would welcome some general, over-arching prescribing princi-
ples rather than additional management guidelines. The aim
was to achieve a selective reduction in inappropriate prescribing.
The Consensus Group wanted to provide a way of preventing fur-
ther increases in AMR by improving the quality of prescribing, tar-
geting RTI and primary or outpatient clinic care and by informing
and influencing governments, healthcare providers, physicians,
patients and the media.?®

The outcomes from the Consensus Group on Resistance and
Prescribing in Respiratory Tract Infections were published in the
Journal of Antimicrobial Chemotherapy in 2002 and included six
principles for appropriate antibiotic prescribing, known as the
‘Consensus Principles’®® summarized as:

1. Treat only bacterial infections. High levels of prescribing for
non-bacterial infections, e.g. the common cold, particularly
in primary care, were noted and pressure from patients and
parents along with constraints on physician time were sug-
gested as the main reason.

2. Optimize diagnosis and severity assessment. Lack of avail-
ability of cost-effective diagnostic tests was identified as the
reason for the persistence of the so-called ‘grey areas’ of con-
fusing aetiology. Practical criteria were needed to identify bac-
terial infections requiring antibiotic therapy.
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3. Maximize bacterial eradication. Antibiotic therapy should re-
duce maximally or eradicate the bacterial load since evidence
confirmed that bacterial eradication should be the goal of
antibiotic therapy.

4. Recognize (and act on) local resistance prevalence.
Increasing high-level resistance in RTI pathogens must result
in increased therapeutic failures but the extent of failure in
community-acquired respiratory tract infections (CA-RTIs) in
relation to resistance prevalence was unknown. Prescribing
should be appropriate in the type and context of local resist-
ance prevalence.

5. Utilize pharmacodynamics to assist in the choice of effect-
ive agents and dosing. Prescribing should be based on phar-
macokinetic/pharmacodynamic (PK/PD) principles that can
predict efficacy (bacterial eradication) and thus limit the
emergence of resistance.

6. Integrate local resistance, efficacy and cost-effectiveness.
Pharmacoeconomic analyses had confirmed that bacterio-
logically more-effective antibiotics can reduce overall man-
agement costs particularly concerning consequential
morbidity and hospital admission.

Ongoing response to AMR

Bacterial disease prevalence

In order to gauge the relevance of the Consensus Principles
today, some two decades later, we must consider progress
in combating AMR during that time. In terms of disease preva-
lence, lower RTIs (LRTIs) are still a key area of focus; they re-
main, according to the most recent WHO global health
estimates, the most common infectious cause of death world-
wide. When all causes of death are considered, LRTIs are the
fourth-most common, only currently exceeded by ischaemic
heart disease, stroke and chronic obstructive pulmonary dis-
ease.’’ CA-RTIs, in particular community-acquired pneumonia
(CAP), are associated with considerable morbidity and/or mor-
tality?® and are the most common reason for antibiotic pre-
scriptions in adults,”® a pattern that is mirrored in paediatric
medicine. In post-neonatal paediatrics (1 to 59 months),
pneumonia is the most common cause of death; the WHO es-
timates that pneumonia is the cause of 12% of deaths in chil-
dren aged from 1month to 5years>® Acute otitis media
(AOM) is one of the most common childhood diseases, with
more than 80% of children being affected by the age of
5 years.’’ AOM represents the most common indication for
both antibiotic prescription and outpatient visits in children.??
High antibiotic prescription rates globally, in both adults and
children, mean that the management of RTIs still plays a sig-
nificant role in AMR development.

AMR itself has become an important cause of death. A recent
investigation—the Global Research on Antimicrobial Resistance
(GRAM) study—provides the most comprehensive global esti-
mates of the burden of AMR to date and addresses in detail the
state of play in 2019.? That study estimated deaths attributable
to AMR and deaths associated with AMRin 2019 for 204 countries
and concluded that 4.95 million deaths were associated with
bacterial AMR, of which 1.27 million deaths were directly attribut-
able to bacterial AMR.?3 The study estimated that the death rate

attributable to resistance was highest in western sub-Saharan
Africa and lowest in Australasia. LRTIs were responsible for
1.5 million deaths associated with resistance in 2019. If a com-
parison is made with all underlying causes of death in the Global
Burden of Disease (GBD) 2019, AMR would have been the
third-leading GBD Level 3 cause of death in 2019, only ischaemic
heart disease and stroke accounted for more deaths that
year.>?

Antibiotic susceptibility testing

The Consensus Principles stated the need for local antibiotic sus-
ceptibility testing (AST) data for the most common respiratory
pathogens, which could then be used by prescribers to aid anti-
biotic choice when empirical treatment is needed and could
also be used to inform local guideline development.?® At the
time of publication of the Consensus Principles, some large sur-
veillance studies on AMR were underway although global cover
was very variable.>* Examples of early large-scale studies involv-
ing several centres and a range of antibiotics include the
Alexander Project, the PROTEKT study and the SENTRY
Antimicrobial Surveillance Program.®*

Alexander Project

The Alexander Project, an international multicentre surveillance
study of antimicrobial susceptibility of common respiratory
pathogens, was initiated in 1992. The study was important be-
cause the data could be compared between different locations
or centres or over time, to identify trends because a central test-
ing laboratory and standard methods were used. The Alexander
Project has been regarded as ‘pivotal’ for global surveillance
studies.®®

PROTEKT

PROTEKT (Prospective Resistant Organism Tracking and
Epidemiology for Ketolide Telithromycin) which started in 1992,
is also an international study which investigated the susceptibil-
ity of CA-RTI pathogens with, in a similar way to other studies, the
focus being on Streptococcus pneumoniae, Haemophilus influen-
zae and Moraxella catarrhalis.*®

SENTRY

The SENTRY Antimicrobial Surveillance Program (SENTRY) was
started in 1997. The aim of the programme was to keep track,
globally, of pathogens and resistance trends for both infections
within hospitals and in the community and this was done
through a network of hospitals. Pathogens from a range of infec-
tions are included e.g. bloodstream CA-RTI, skin and soft tissue
infections (SSTI), gastroenteritis and others.?”

ATLAS

The Antimicrobial Testing Leadership and Surveillance (ATLAS)
programme is a global database of AMR data which can be
searched using both isolate and patient criteria. ATLAS includes
data covering the in vitro activity of antimicrobials against iso-
lates from a range of infections such as RTIs, SSTIs, intestinal,
musculoskeletal infections and others.?®
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SOAR

The Survey of Antibiotic Resistance (SOAR)*?is a long-running and
extensive surveillance study which started in 2002 and has broa-
dened with time to include multiple countries worldwide. The pri-
mary focus of SOAR is testing the two main CA-RTI pathogens: S.
pneumoniae and H. influenzae and additionally Streptococcus
pyogenes and M. catarrhalis in some centres. The pathogens are
isolated from clinical specimens from outpatients with diagnosed
CA-RTI and susceptibilities are tested in a central laboratory
against a wide range of antibiotics. The results are analysed ac-
cording to three recognized and standardized methodologies
from the CLSI, EUCAST and using PK/PD criteria.*® The inclusion
of three different breakpoints allows review of results according
to the most appropriate breakpoint for local circumstances, as
well as aiding comparison with other centres, countries or regions.
The detailed results from SOAR and other international surveil-
lance studies provide an evidence base for antimicrobial policies,
inform antibiotic prescribing guidelines, and can be used as part of
training concerning appropriate antibiotic prescribing. More re-
cently, EUCAST has introduced dose-specific breakpoints which
mean that it is now possible, using data derived from AST studies
such as SOAR, to ascertain the effect of increasing the dose on the
susceptibility of a specific pathogen.*°

Other activities

Since the publication of the Consensus Principles, awareness of
the serious nature of the AMR threat has been growing. An early
published concern at a high governmental level in the UK came in
the 2011 Annual Report of the UK Chief Medical Officer (now UK
Special Envoy on Antimicrobial Resistance) Professor Dame
Sally Davies.*! The report reviewed AMR, setting out the response
to the challenges and opportunities in the prevention, diagnosis
and management of infectious diseases and included a series
of recommendations framed as challenges for action. The report
stressed the need for politicians in the UK to prioritize AMR as a
major area of concern.

One of the key pillars in addressing rising AMR is knowledge of lo-
cal susceptibility of the most-commonly occurring bacterial patho-
gens.”> Knowledge of the susceptibility of common pathogens can
only be found through surveillance, which is, therefore, vital to in-
form clinical therapy decisions and, more broadly, to guide policy re-
commendations.*>=** In 2014, the WHO Antimicrobial Resistance
Global Report on Surveillance™ provided, for the first time, an accur-
ate picture of the magnitude of AMR and the current state of surveil-
lance globally. One of the key findings was that there were
significant gaps in surveillance, and a lack of standards for method-
ology, data sharing and coordination. In the same year, the UK
Prime Minister commissioned a major AMR review that culminated
in 2016 in the much-cited and publicized final report by Lord Jim
O'Neill entitled ‘Tackling drug-resistant infections globally: Final re-
port and recommendations’.“® The ten key recommendations
from this report are shown in Table 1.

In 2015, the WHO Worldwide Country Situation Analysis: re-
sponse to antimicrobial resistance*® determined the extent that
practices addressing AMR had been put in place, and where more
work was needed. In the same year, the WHO produced the
Global Action Plan (GAP) on AMR*” which laid out five clear objectives
that were similar to the O’Neill report recommendations (Table 1). By

2018, 63 member countries had published national action plans
(NAPs) for AMR containment and analysis of 52 of these revealed
that 44 had considered establishing a national surveillance sys-
tem.“? In a 2021 global survey of implementation of the GAP, over
90% of responding countries (n=163) commented that COVID-19
had a negative effect on the development and implementation of
NAPs to address AMR, with reasons including funding issues and
the need to defer activities and campaigns due to the pandemic.
Only around one-half of countries had a coordinated mechanism
to prioritize, cost, implement and monitor NAPs but over 60% had
linked their NAPs to other health topics or plans. In more than three-
quarters of countries, in-service training relating to AMR was being
provided to healthcare workers. Importantly, in terms of surveillance
systems to monitor AMR, 72% of responding countries now had sys-
tems to collate data nationally for common bacterial infections in
patients in both hospitals and the community.*®

In 2017, the European Commission adopted the European
Union (EU) One Health Action Plan against AMR.>! The plan com-
prised three main objectives: (1) making the EU a best-practice
region; (2) boosting research, development and innovation; and
(3) intensifying EU efforts worldwide to shape the global agenda
on AMR and the related risks.”!

The Davos Economic Forum Industry Declaration®? was signed
in December 2017 by over 100 companies and associations ac-
tively engaged in combating AMR, pledging to work to reduce
the development of AMR, to invest in research and development
to meet public health needs with new innovative diagnostics and
treatments and to improve access to high-quality antibiotics.
These recommendations were coincident with those published
after the high-level United Nations meeting on AMR in 2016.°°
The AMR Benchmark Report, now in its second edition, evaluates
pharmaceutical companies with a stake in the antibiotics market
in areas where they could act to limit AMR, such as research and
development, managing manufacturing waste and ensuring ap-
propriate access and stewardship and provides a measure of how
companies are improving the way they address AMR.>*

Awareness of AMR is increasing globally and has been an import-
ant consideration during the ongoing COVID-19 pandemic. In
January 2022, results from the Global Research on Antimicrobial
Resistance (GRAM) study, as mentioned previously, were published
in The Lancet.** The global study estimated the disease burdens as-
sociated with, and attributable, to AMR and included data for 23
bacterial pathogens, and 88 pathogen-drug combinations.

Antibiotic stewardship

The overall aim of the Consensus Principles when they were first
compiled was to provide a clear and straightforward framework
for physicians to achieve appropriate antibiotic prescribing.” In
order to assist in the development of tools for antibiotic steward-
ship at local, national and global levels which would, in turn, re-
duce AMR, in 2019 the WHO launched the Access, Watch,
Reserve (AWaRe) classification of antibiotics.>® In the AWaRe
classification, antibiotics are assigned to different groups empha-
sizing the importance of appropriate antibiotic prescribing and
supporting antibiotic monitoring and stewardship activities.”
The ‘Access’ group includes antibiotics with activity against a
range of common susceptible pathogens whilst also showing
lower potential to cause resistance than those in the other
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Table 1. Recommendations to address AMR

Tackling drug resistant infections globally, 2016

WHO Global Action Plan on AMR, 2015%’

1. Global public awareness campaign on AMR.
2. Improve hygiene and sanitation to prevent the spread of infection.

3. Reduce unnecessary use of antimicrobials in agriculture and their dissemination

into the environment.

. Promote the development and use of vaccines and alternatives.

~N O Ul &

diseases.

(o]

. Improve global surveillance of drug resistance in humans and animals.
. Promote new, rapid diagnostics to cut unnecessary use of antibiotics.

. Improve awareness of AMR.

. Strengthen knowledge through surveillance and research.

. Reduce the incidence of infection.

. Optimize use of antimicrobials.

. Sustainable investment in new medicines, diagnostic tools
and vaccines.

u s w N

. Improve the numbers, pay and recognition of people working in infectious

. Establish a Global Innovation Fund for early-stage and non-commercial research.

9. Better incentives to promote investment for new drugs and improving existing

ones.
10. Build a global coadlition for real action.

groups. Examples include amoxicillin, amoxicillin/clavulanic acid,
ampicillin and first-generation cephalosporins such as cefazolin
and cefalexin. The ‘Watch’ group includes antibiotic classes
that have higher resistance potential. Examples include macro-
lides such as azithromycin, clarithromycin, second- and third-
generation cephalosporins such as cefuroxime, cefixime, ceftri-
axone and fluoroquinolones such as ciprofloxacin. This group
should be prioritized as key targets of stewardship programmes
and monitoring. The ‘Reserve’ group includes antibiotics that
must be reserved for treatment of infections due to multidrug-
resistant (MDR) organisms and should be regarded as ‘last resort’
options. Examples include fosfomycin, colistin and linezolid.
According to the WHO campaign ‘Adopt AWaRe. Handle antibio-
tics with care’ to promote responsible use of antibiotics, antibio-
tics from the ‘Access’ group should, by 2023, make up at least
60% of consumption, which would lead to improved use of anti-
biotics, lower costs and increased access.>>

Additional Principles

It has more recently been suggested that two further principles
should be added to the original list, in order to reiterate some im-
portant issues. A seventh principle should stress that whilst pre-
scribing may be empirical, it should be done intelligently,”®
taking into account, in addition to guideline recommendations
and local susceptibility information, if available, other factors
such as any current safety warnings relating to any of the pos-
sible antibiotics or any other cautions that might have relevance
to the prescribing options.

As an example, international guideline recommendations in
CA-RTIs include macrolides and fluoroquinolones but in specific
situations only. Macrolides are not recommended for empiric
therapy given the high levels of resistance that are being ob-
served; for example the IDSA Clinical Practice Guideline for
Acute Bacterial Rhinosinusitis in Children and Adults states that
macrolides (clarithromycin and azithromycin) are not recom-
mended for empiric therapy for acute bacterial rhinosinusitis
(ABRS) in children or adults due to high rates of resistance among
S. pneumoniae.”’ International guidelines for the treatment of

CAP in adults recommend the use of macrolide antibiotics only
in areas with pneumococcal resistance to macrolides of
<25%.°® The recent widespread concern about the emergence
of microbial azithromycin resistance due to unrestricted use dur-
ing the COVID-19 pandemic’ has arisen from the fact that use of
azithromycin results in rising levels of macrolide resistance”>°
and even before COVID-19, surveillance studies revealed reduced
azithromycin susceptibility.®°

Safety is another consideration when choosing the most appro-
priate antibiotic. This has become important when the use of fluoro-
quinolone antibiotics is under consideration. Fluorogquinolones are
associated with disabling and potentially permanent side effects
of the tendons, muscles, joints, nerves, and CNS that can occur to-
gether at the same time in the same patient.®* The FDA has issued
safety warnings recommending limitation of the use of fluoroqui-
nolones, particularly in ABRS, acute exacerbations of chronic bron-
chitis and uncomplicated urinary tract infection (UTI) when other
treatments are available, because the risk of serious side effects
generally outweighs the benefits in these patients.®! In addition,
the CNS toxicity may be aggravated by concomitant non-steroidal
anti-inflammatory use.®*"** A meta-analysis demonstrated that
exposure to fluoroquinolones for the management of common
upper or lower RTIs and also UTIs is substantially associated with
aortic aneurysm and aortic dissection.®

It has also been considered useful to include an eighth, and fi-
nal principle which should be to remind prescribing physicians to
encourage their patients to comply with the prescription and to
follow any instructions given to them.*® Thisis important to reiter-
ate because lack of compliance can potentially lead to resistance
as aresult of exposure of the pathogen to sub-inhibitory concen-
trations of the antibiotic. In addition, this would lead to sub-
optimal clinical outcomes due to a lower than optimal dose.”®

Conclusions

The review of multiple and ongoing global initiatives and the contin-
ued rise in AMR in the 20 years since their original publication, show
that adherence to the original Consensus Principles for appropriate
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antibiotic prescribing, along with the additional two principles, is as
important now as it was in 2002. Achieving appropriate antibiotic
prescribing in the management of patients within the community,
in particular those suffering from CA-RTIs, is a vital objective in order
to ensure that the right patient receives the right antibiotics at the
right time to achieve optimal clinical outcomes while at the same
time helping to limit further increases in AMR.

Against this background of developments since they were first
outlined in 2022, the Consensus Principles are still needed today
to ensure the appropriate use of antibiotics. The inclusion of two
additional principles has broadened their scope to cover other fac-
tors such as safety and also to make sure patient compliance is ad-
dressed. The updated Consensus Principles can be summarized as:

1. Treat only bacterial infections.

2. Optimize diagnosis and severity assessment.

3. Maximize bacterial eradication.

4. Recognize (and act on) local resistance prevalence.

5. Utilize pharmacodynamics to assist in the choice of effective
agents and dosing.

. Integrate local resistance, efficacy and cost-effectiveness.

. Prescribe empirically, but intelligently.

8. Encourage patient compliance.

~ O

Objective of this Supplement: investigation of the AMR
response at a national level

As outlined in this paper, there has been an extensive and on-
going global response to rising AMR which the development of
the Consensus Principles aims to address. Whilst GAPs for AMR
are in place, along with the availability of a range of comprehen-
sive international guidelines and recommendations, it is also
helpful to have a clear idea of how these are being actioned in dif-
ferent countries around the world; for example, has a NAP for
AMR been instigated and put into practice or are there local
ASTstudies in place. In this Supplement, in order to obtain a wide-
ranging picture, a series of situation analyses and investigations
have been carried out for nine disparate countries, namely Brazil,
India, Kuwait, Mexico, Pakistan, Russia, Saudi Arabia, Turkiye and
Vietnam, and an individual paper prepared summarizing the find-
ings for each one. These analyses have covered, where available,
information on antibiotic use and prescribing, approach to AMR,
availability of local susceptibility data, use of international and/
or local management guidelines and how these link to antibiotic
availability. In addition, it is also pertinent to understand how the
situation impacts patient management and the functions of the
clinical microbiology laboratory and so, where possible, the views
of clinicians and clinical microbiologists have been included along
with identification of areas where more information is required.
Summiaries of the key points from these analyses covering the
areas mentioned above are the basis of the nine accompanying
papers in this Supplement, which provides a call to action to im-
prove both the clinical outcome for patients and to minimize fur-
ther rises in AMR.

Acknowledgements

We thank S. Deane, Livewire Editorial Communications, for editorial
assistance.

Funding
This project was funded by GlaxoSmithKline.

Transparency declarations

This article forms part of a Supplement sponsored by GlaxoSmithKline.
D.T. and K.L. are employees of GlaxoSmithKline and hold shares in
GlaxoSmithKline. R.C. has participated in educational programmes orga-
nized by GSK, MSD, Pfizer and Shionogi. M.A. has participated in education-
al activities organized by Gilead, GSK, MSD and Pfizer.

References

1 WHO. Antibiotic resistance—key facts. 2020. World Health Organization.
https:/www.who.int/news-room/fact-sheets/detail/antibiotic-resistance.

2 WHO. Antimicrobial resistance—key facts. 2021. World Health
Organization. https://www.who.int/news-room/fact-sheets/detail/
antimicrobial-resistance.

3 Roca I, Akova M, Baquero F et al. The global threat of antimicrobial re-
sistance: science for intervention. New Microbes New Infect 2015; 6: 22-9.

4 Watkins R, Bonomo R. Overview: global and local impact of antibiotic
resistance. Infect Dis Clin North Am 2016; 30: 313-22.

5 LaxminarayanR, Duse A, Wattal C et al. Antibiotic resistance—the need
for global solutions. Lancet Infect Dis 2013; 13: 1057-98.

6 Langford B, So M, Raybardhan S et al. Antibiotic prescribing in patients
with COVID-19: rapid review and meta-analysis. Clin Microbiol Infect
2021; 27: 520-31.

7 Kow KC, Shahzad Hasan S. Use of azithromycin in COVID-19: a caution-
ary tale. Clin Drug Investig 2020; 40: 989-90.

8 Ruiz J. Letter to the editor: enhanced antibiotic resistance as a collat-
eral COVID-19 pandemic effect? J Hosp Infect 2021; 107: 114-5.

9 Mustapha A, Nikau J, Isa T. COVID-19 and antibiotic resistance; parallel
pandemics, different intercessions. Microbes Infect Dis 2021; 2: 15-24.

10 Lucien M, Canarie M, Kilgore P et al. Antibiotics and antimicrobial re-
sistance in the COVID-19 era: Perspective from resource-limited settings.
Int J Infect Dis 2021; 104: 250-4.

11 Ghosh S, Bornman C, Zafer M. Antimicrobial resistance threats in the
emerging COVID-19 pandemic: where do we stand? J Infect Pub Health
2021; 14: 555-60.

12 Chen Z, Guo J, Jiang Y et al. High concentration and high dose of dis-
infectants used during the COVID-19 pandemic threaten human health.
Environ Sci Eur 2021; 33: 11.

13 Canton R, Gijon D, Ruiz-Garbajosa P. Antimicrobial resistance in ICUs:
an update in the light of the COVID-19 pandemic. Curr Opin Crit Care 2020;
26: 433-41.

14 Dalhoff A. Selective toxicity of antibacterial agents—still a valid con-
cept or do we miss chances and ignore risks? Infection 2021; 49: 29-56.
15 Levy SB, Marshall B. Antibacterial resistance worldwide: causes, chal-
lenges and responses. Nature Med 2004; 10: S122-9.

16 Sarkar P, Gould IM. Antimicrobial agents are societal drugs. How
should this influence prescribing? Drugs 2006; 66: 893-901.

17 BoschF, Rosich L. The contributions of Paul Ehrlich to pharmacology: A
tribute on the occasion of the centenary of his Nobel Prize. Pharmacology
2008; 82: 171-9.

18 Fleming A. Nobel Lecture, 1945. https://www.nobelprize.org/uploads/
2018/06/fleming-lecture.pdf.

19 Bhullar K, Waglechner N, Pawlowski A et al. Antibiotic resistance is
prevalent in an isolated cave microbiome. PLoS One 2012; 7: e34953.



https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
https://www.nobelprize.org/uploads/2018/06/fleming-lecture.pdf
https://www.nobelprize.org/uploads/2018/06/fleming-lecture.pdf

Cantoén et al.

20 Canton R, Ruiz-Garbajosa P. Co-resistance: an opportunity for the bac-
teria and resistance genes. Curr Opin Pharmacol 2011; 11: 477-85.

21 Ribeiro da Cunha B, Fonseca L, Calado C. Antibiotic discovery: where
have we come from, where do we go? Antibiotics (Basel) 2019; 8: 45.

22 Walsh C. Where will new antibiotics come from. Nature Rev Microbiol
2003; 1: 65-70.

23 Nelson R. Antibiotic development pipeline runs dry. Lancet 2003; 362:
1726-7.

24 Butler MS, Blaskovich MA, Copper MA. Antibiotics in the clinical pipeline
in 2013. J Antibiot (Tokyo) 2013; 66: 571-91.

25 Ball P, Baquero F, Cars O et al. Antibiotic therapy of community re-
spiratory tract infections: strategies for optimal outcomes and minimized
resistance emergence. J Antimicrob Chemother 2002; 49: 31-40.

26 Ball P. Conclusions: the future of antimicrobial therapy—Augmentin
and beyond. Int J Antimicrob Agents 2007; 30: S139-41.

27 WHO. The top 10 causes of death. 2020. https:/www.who.int/news-
room/fact-sheets/detail/the-top-10-causes-of-death.

28 Niederman MS, Luna CM. Community-acquired pneumonia guide-
lines: A global perspective. Semin Respir Crit Care Med 2012; 33:
298-310.

29 Harris AM, Hicks LA, Qaseem A et al. Appropriate antibiotic use for
acute respiratory tract infection in adults: advice for high-value care
from the American College of Physicians and the Centres for Disease
Control and Prevention. Ann Intern Med 2016; 164: 425-34.

30 UNICEF, WHO, World Bank Group and United Nations. Levels and
trends in child mortality. 2019. https:/www.unicef.org/media/60561/
file/UN-IGME-child-mortality-report-2019.pdf.

31 Coco A, Vernacchio L, Horst M et al. Management of acute otitis media
after publication of the 2004 AAP and AAFP Clinical Practice Guideline.
Pediatrics 2010; 125: 214-20.

32 Ovnat Tamir S, Shemesh S, Oron Y et al. Acute otitis media guidelines
in selected developed and developing countries: uniformity and diversity.
Arch Dis Child 2017; 102: 450-7.

33 Antimicrobial Resistance Collaborators. Global Burden of bacterial
antimicrobial resistance in 2019: a systematic analysis. Lancet 2022;
399: 629-55.

34 Felmingham D, Feldman C, Hryniewicz W et al. Surveillance of resist-
ance in bacteria causing community-acquired respiratory tract infections.
Clin Microbiol Infect 2002; 8: 12-42.

35 Felmingham D, White AR, Jacobs MR et al. The Alexander Project. The
benefits from a decade of surveillance. J Antimicrob Chemother 2005; 56:
ii3-21.

36 Hoban D, Baquero F, Reed V et al. Demographic analysis of antimicro-
bial resistance among Streptococcus pneumoniae: worldwide results
from PROTEKT 1999-2000. Int J Infect Dis 2005; 9: 262-73.

37 Sader HS, Jones RN, Gales AC et al. SENTRY antimicrobial surveillance
program report: Latin American and Brazilian results for 1997 through
2001. Braz J Infect Dis 2004; 8: 25-79.

38 Al-Sweih N, Jamal W, Mokaddas E et al. Evaluation of the in vitro activ-
ity of ceftaroline, ceftazidime/avibactam and comparator antimicrobial
agents against clinical isolates from paediatric patients in Kuwait: ATLAS
data 2012-19. JAC Antimicrob Resist 2021; 3.

39 Torumkuney D, Chaiwarith R, Reechaipichitkul W et al. Results from
the Survey of Antibiotic Resistance (SOAR) 2012-2014 in Thailand, India,
South Korea and Singapore. J Antimicrob Chemother 2016; 71:i3-19.
40 Giske CG, Turnidge J, Cantén R et al. Update from the European
Committee on Antimicrobial Susceptibility Testing (EUCAST). J Clin
Microbiol 2022; 60: e0027621.

41 Annual Report of the Chief Medical Officer Volume Two, 2011.
Infections and the rise of antimicrobial resistance. 2013. https:/www.

gov.uk/government/publications/chief-medical-officer-annual-report-
volume-2.

42 Masterton RG. Surveillance studies: how can they help the manage-
ment of infection? J Antimicrob Chemother 2000; 46: 53-8.

43 Masterton R. The importance and future of antimicrobial surveillance
studies. Clin Infect Dis 2008; 47: S21-31.

44 Veeraraghavan B, Walia K. Antimicrobial susceptibility profile and re-
sistance mechanisms of Global Antimicrobial Resistance Surveillance
System (GLASS) priority pathogens from India. Indian J Med Res 2019;
149: 87-96.

45 WHO. Antimicrobial Resistance: Global Report on Surveillance. 2014.
https://www.who.int/publications/i/item/9789241564748.

46 O’Neill J. Tackling drug-resistance infections globally: final report and
recommendations. The review on antimicrobial resistance. 2016. https:/
amr-review.org/sites/default/files/160518_Final%20paper_with%
20cover.pdf.

47 WHO. Global action plan on antimicrobial resistance. 2016. https://
www.who.int/publications/i/item/9789241509763.

48 WHO. Worldwide country situation analysis: response to antimicro-
bial resistance. 2015. https://apps.who.int/iris/bitstream/handle/10665/
163468/9789241564946_eng.pdf;sequence=1.

49 Kaur J, Dhama AS, Buttolia H et al. ICMR’s Antimicrobial Resistance
Surveillance system (i-AMRSS): a promising tool for global antimicrobial
resistance surveillance. JAC Antimicrob Resist 2021; 3: dlab023.

50 WHO. News. More countries committing to tackling antimicrobial re-
sistance.  2021. https://www.who.int/news/item/11-11-2021-more-
countries-committing-to-tackling-antimicrobial-resistance.

51 European Commission. A European One Health Action Plan against
Antimicrobial Resistance (AMR). 2017. https://ec.europa.eu/health/
system/files/2020-01/amr_2017_action-plan_0.pdf.

52 AMRIndustry Alliance. Declaration by the pharmaceutical biotechnol-
ogy and diagnostics industries on combating antimicrobial resistance.
2016. https://www.amrindustryalliance.org/wp-content/uploads/2017/
12/AMR-Industry-Declaration.pdf.

53 United Nations. Political Declaration of the High-Level Meeting of the
General Assembly on Antimicrobial Resistance: resolution/adopted by the
General Assembly. 2016. https:/digitallibrary.un.org/record/845917?In=
esttrecord-files-collapse-header.

54 Access to medicine foundation. 2021 AMR Benchmark. 2021. https:/
accesstomedicinefoundation.org/amr-benchmark.

55 WHO. 2019 WHO AWaRe Classification Database of Antibiotics for
evaluation and monitoring of use. https:/adoptaware.org/assets/pdf/
aware_brochure.pdf.

56 Levy Hara G, Amabile Cuevas C, Gould I et al. “Ten commandments’ for
the appropriate use of antibiotics by the practicing physician in an out-
patient setting. Front Microbiol 2011; 2: 230.

57 Chow AW, Benninger MS, Brook I et al. IDSA clinical practice guideline
for acute bacterial rhinosinusitis in children and adults. Clin Infect Dis
2012; 54: e72-112.

58 Metlay JP, Waterer GW, Long AC et al. Diagnosis and treatment of
adults with community-acquired pneumonia. An official clinical practice
guideline of the American Thoracic Society and Infectious Diseases
Society of America. Am J Respir Crit Care Med 2019; 200: e45-67.

59 Bergman M, Huikko S, Huovinen P et al. Macrolide and azithromycin
use are linked to increased macrolide resistance in Streptococcus pneu-
moniae. Antimicrob Agents Chemother 2006; 50: 3646-50.

60 Torumkuney D, Hammami A, Mezghani Maalejet S, et al. Results from
the Survey of Antibiotic Resistance (SOAR) 2015-18 in Tunisia, Kenya and
Morocco: data based on CLSI, EUCAST (dose-specific) and pharmacoki-
netic/pharmacodynamic (PK/PD) breakpoints. J Antimicrob Chemother
2020; 75:i2-18.



https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.unicef.org/media/60561/file/UN-IGME-child-mortality-report-2019.pdf
https://www.unicef.org/media/60561/file/UN-IGME-child-mortality-report-2019.pdf
https://www.gov.uk/government/publications/chief-medical-officer-annual-report-volume-2
https://www.gov.uk/government/publications/chief-medical-officer-annual-report-volume-2
https://www.gov.uk/government/publications/chief-medical-officer-annual-report-volume-2
https://www.who.int/publications/i/item/9789241564748
https://amr-review.org/sites/default/files/160518_Final&percnt;20paper_with&percnt;20cover.pdf
https://amr-review.org/sites/default/files/160518_Final&percnt;20paper_with&percnt;20cover.pdf
https://amr-review.org/sites/default/files/160518_Final&percnt;20paper_with&percnt;20cover.pdf
https://www.who.int/publications/i/item/9789241509763
https://www.who.int/publications/i/item/9789241509763
https://apps.who.int/iris/bitstream/handle/10665/163468/9789241564946_eng.pdf;sequence&equals;1
https://apps.who.int/iris/bitstream/handle/10665/163468/9789241564946_eng.pdf;sequence&equals;1
https://www.who.int/news/item/11-11-2021-more-countries-committing-to-tackling-antimicrobial-resistance
https://www.who.int/news/item/11-11-2021-more-countries-committing-to-tackling-antimicrobial-resistance
https://ec.europa.eu/health/system/files/2020-01/amr_2017_action-plan_0.pdf
https://ec.europa.eu/health/system/files/2020-01/amr_2017_action-plan_0.pdf
https://www.amrindustryalliance.org/wp-content/uploads/2017/12/AMR-Industry-Declaration.pdf
https://www.amrindustryalliance.org/wp-content/uploads/2017/12/AMR-Industry-Declaration.pdf
https://digitallibrary.un.org/record/845917?ln&equals;es&num;record-files-collapse-header
https://digitallibrary.un.org/record/845917?ln&equals;es&num;record-files-collapse-header
https://accesstomedicinefoundation.org/amr-benchmark
https://accesstomedicinefoundation.org/amr-benchmark
https://adoptaware.org/assets/pdf/aware_brochure.pdf
https://adoptaware.org/assets/pdf/aware_brochure.pdf

Relevance of the Consensus Principles in 2022 Jl \C

61 FDA drug safety communication. FDA updates warnings for oraland 63 Tome AM, Quinolones FA. Review of psychiatric and neurological ad-
injectable fluoroquinolone antibiotics due to disabling side effects. verse reactions. Drug Saf 2011; 34: 465-88.

2016. https://www.fda.gov/Drugs/DrugSafety/ucm511530.htm. 64 Latif A, Ahsan MJ, Kapoor V et al. Fluoroquinolones and the risk of
62 Ben-Chetrit E, Rothstein N, Munter G. Ciprofloxacin-induced psychosis.  aortopathy: a systematic review and meta-analysis. WMJ 2020; 119:
Antimicrob Agents Chemother 2013; 57: 4079. 185-9.



https://www.fda.gov/Drugs/DrugSafety/ucm511530.htm

	Introduction
	Discovery of antibiotics and antimicrobial resistance development
	Response to AMR
	Ongoing response to AMR
	Bacterial disease prevalence
	Antibiotic susceptibility testing
	Alexander Project
	PROTEKT
	SENTRY
	ATLAS
	SOAR

	Other activities
	Antibiotic stewardship
	Additional Principles

	Conclusions
	Objective of this Supplement: investigation of the AMR response at a national level

	Acknowledgements
	Funding
	Transparency declarations
	References



