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Current antimicrobial resistance (AMR) surveillance relies on fragmented indicators that fail to capture
institutional AMR burden complexity. To develop the AMR Burden Score, a three-round modified
eDelphi study engaged interdisciplinary experts (Round 1: n =17, Rounds 2 and 3: n =7), including
clinicians, microbiologists, pharmacists, health economists, and public health specialists. The AMR
Burden Score comprises six weighted domains: Resistance (25%), Effectiveness (30%), Monitoring
(80%), Adoption (5%), Processes (5%), and Systems (5%). Strong consensus emerged for core
indicators, including incidence of resistant infections (unanimous Round 3 agreement, median 8.0),
pathogen-specific resistance rates (median 7.0), and staff training programmes (median 8.0). The AMR
Burden Score provides a structured framework for institutional AMR assessment, though
implementation requires context-specific adaptation and further validation.

Antimicrobial resistance (AMR) is one of the most urgent and complex
public health threats, with profound consequences not only for individual
patient outcomes but also for the viability of healthcare systems globally.
What was once considered a predominantly microbiological issue has
evolved into a multifaceted global crisis, intersecting with agriculture,
environmental health, economic development, and international securityl.
Therefore, key global actors, including the World Health Organisation
(WHO), the United Nations General Assembly, and the World Bank’, have
repeatedly called for coordinated national action plans that prioritise robust
surveillance systems, antimicrobial stewardship (AMS), and infection pre-
vention and control (IPC). A landmark global systematic analysis estimated
that in 2019 alone, AMR was associated with 4.95 million deaths, including
1.27 million directly attributable to drug-resistant infections’. Compound-
ing the challenge is the breadth of resistance: no longer confined to a few
organisms, resistance is now widespread across common pathogens such as
Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, and Strep-
tococcus pneumoniae™. Of particular concern is the rise of pan-resistant
strains, those impervious to all known antibiotics, leaving clinicians with no
effective therapeutic options’.

From an economic perspective, the burden of AMR is equally stag-
gering. A 2016 UK government-commissioned report projected that, if
unaddressed, AMR could cause up to $100 trillion USD in cumulative global
GDP losses by 2050°. These costs stem not only from increased healthcare
expenditures (e.g., prolonged hospitalisations, more expensive interven-
tions) but also from productivity losses, diminished workforce participation,
and the potential unravelling of medical procedures reliant on prophylactic
antibiotics, such as surgery, chemotherapy, and organ transplantation.
Lower- and middle-income countries (LMICs), already challenged by fra-
gile healthcare infrastructures, are anticipated to bear a disproportionate
share of this burden'’. Nevertheless, despite growing awareness and an
expanding evidence base, the tools available to measure, monitor, and
respond to AMR remain fragmented and insufficient. Existing surveillance
systems (including WHO’s Global Antimicrobial Resistance and Use Sur-
veillance System (GLASS), and the European Antimicrobial Resistance
Surveillance Network (EARS-Net)) have made important strides in tracking
resistance prevalence and antimicrobial use™””.

However, these systems often operate in silos, reporting isolated
indicators that lack integration across institutions, geographies, or
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timeframes. For instance, an observed increase in E. coli resistance to third-
generation cephalosporins may raise alarm, but without context, such as
associated patient outcomes, AMS compliance, or bespoke prescribing
behaviours, the significance remains ambiguous’. Moreover, standalone
prescribing and safety indicators can be misleading. A facility reporting high
antimicrobial usage may, paradoxically, be practicing rigorous stewardship
and achieving strong clinical outcomes, while another with ostensibly low
resistance rates may suffer from limited diagnostic capacity or
underreporting”'. Integration and cooperation with the UKHSA Fingertips
resource is most important'' to deliver rigorous stewardship and achieve
strong clinical outcomes.

This study aims to develop an AMR Burden Score, a compre-
hensive composite metric that captures the multifaceted nature of
antimicrobial resistance across healthcare systems through expert
consensus, addressing the critical gap in AMR surveillance by pro-
viding a standardised, actionable tool for cross-sectoral benchmark-
ing, institutional evaluation, and strategic planning. We hope that this
tool may serve as an additional AMR tool (alongside other AMR/AMS
standards and resources already in operation) for healthcare institu-
tions to perform retrospective self-assessment of their AMR landscape
(resistance, management, and resource allocation) and to measure the
effectiveness of interventions over time.

Results

Overview of the Delphi process

The Delphi study followed a structured three-round electronic process to
reach consensus on the AMR Burden Score framework. No major devia-
tions from the planned eDelphi process occurred. However, qualitative
feedback from Rounds 1 and 2 highlighted concerns regarding the global
applicability of indicators, particularly their relevance in LMICs. These
contextual challenges prompted the research team to add targeted questions
for LMIC feasibility, such as considering which metrics are reliably collected
in different nations, in Round 2.

Expert participation

A total of 36 international experts were invited, and 17 (47%) participated.
Participants' demographics were as follows: 8 male, 9 female; 2 USA, 15 UK;
Infectious disease specialists (1 = 5), clinical microbiologists ( = 4), infec-
tion pharmacists (n = 3), public health professionals (n = 2), health econo-
mists (n = 2) and hospital administrators (n = 1).

Round 1

Round 1 achieved consensus to include 9 indicators (= 75% agreement with
ratings 7-9, IQR <2). The highest-rated indicators included incidence of
resistant infections (median 8.0), incremental cost versus susceptible infec-
tions (median 8.0), attributable mortality cost (median 8.0), and staff training
and education (median 8.0). Expert feedback identified methodological
concerns regarding terminology on prevalence versus incidence, and applic-
ability to LMICs, given the plausibility of collecting data in different nations.

Round 2and 3

Following structural refinement based on Round 1 feedback, seven experts
evaluated the proposed REMAPS framework (Table 1). The framework
demonstrated varying levels of consensus across domains, with the strongest
agreement on WHO AWaRe usage patterns and year-on-year resistance
trends.

The final round achieved a refined consensus (Table 2; Tables S1 and
Table S2) on priority indicators and domain weightings. Strong consensus
emerged for incidence of resistant infections (unanimous agreement,
median 8.0, IQR 0.0), year-on-year resistance trends (median 8.0), and
pathogen-specific resistance rates (median 7.0).

The REMAPS AMR Burden Score, the consensus outcome of this
expert eDelphi, uses integrated hospital electronic health record data,
yielding scores out of 100 points with domain contributions reported in
brackets in a bracketed subdomain framework similar to the Glasgow Coma
Score (i.e, [R(x/25)+ E(x/30) + M(x/30) + A(x/5) + P(x/5) + S(x/5)]).
Lower scores indicate reduced antimicrobial resistance burden (Table 3).

Table 1 | Round 2 REMAPS framework domain summary

Domain Weight (%) Top-rated indicator Median (IQR) Consensus to include® Key concerns

Resistance (R) 25 Year-on-year resistance trends 8.0 (2.0) Yes Rate vs. proportion terminology
Effectiveness (E) 30 Incidence of resistant infections 7.0 (2.0) Yes Definition of clinical effectiveness
Monitoring (M) 30 WHO AWaRe usage patterns 8.0 (2.0) Yes Metric awareness variation
Adoption (A) 5 Audit and feedback 7.0 (2.0) Yes Implementation barriers
Processes (P) 5 Staff education 6.0 (2.0) No Overlap with other domains
Systems (S) 5 Attributable mortality cost 6.0 (2.0) No Economic data availability

R resistance, E effectiveness, M monitoring, A adoption; P processes, S systems, WHO AWaRe World Health Organisation Access, Watch, Reserve, DDD defined daily doses, AMS antimicrobial

stewardship, CDSS clinical decision support systems, /QR interquartile range.

“Consensus defined as >75% agreement (ratings 7-9) with IQR < 2.

Table 2 | Round 3 final consensus summary

Domain Final weight (%) Final consensus indicators Median (IQR) Consensus?®
Resistance 25 Year-on-year trends 8.0(1.0) Yes

Pathogen-specific rates 7.0 (2.0) Yes
Effectiveness 30 Incidence of resistant infections 8.0(0.0) Yes
Monitoring 30 WHO AWaRe patterns 8.0 (2.0) Yes

DDD per 1,000 patient-days 7.0 (3.0 No
Adoption 5 Clinical decision support systems 5.0(1.0) No
Processes 5 Staff training and education 7.0 (2.0) Yes
Systems 5 AMS cost-effectiveness 7.0(1.0) Yes

Attributable mortality cost 7.0(1.0) Yes

“Consensus defined as >75% agreement (ratings 7-9) with IQR < 2.

npj Antimicrobials & Resistance | (2026)4:15


www.nature.com/npjamar

Article

https://doi.org/10.1038/s44259-026-00184-w

*seuljepInb [euoljeu/[eo0] AQ PauILLISIOP SE ‘SWOIPUAS/GHS UONOBUI B} O} JUBAS|DI JusBE [e1q0.DIWIUE [ED13IO JO BUIl-}Sil) BUO }sEs)| e 0} AJjIgndeosns-uou o)A ul Bunesisuowep usboyyed e Aq pasned UoNoajul UE Se paulap S ,UOI0ajul JUE)SISaY,

*Xopul wnioads [eiqosolwiiue /Sy ‘@beianod wniyoads onjoigiue Jo skep OSyag

‘asop A|lep paulep gaQg ‘onasal/yorem/sseode a4 ‘eluownaud palinboe-Ajunwwod 42 ‘UoIos Ul JOBI} AJBULIN [ ) ‘HUN S1ED SAISUSIUI D) ‘8SBWE)OR|-B]8q WNIoads papusixg J§ST ‘snainy Snod020jAyde}s Juelsisay UljidIyid YSHIN ‘Wuessisal Brup-inw §amw

souew
92JN0S8J YHIM [0J3U0D UOIj08jul 8)elBalul '9
S1S09 uoles|iendsoy papusixe Ajjuenp g
sbBuines juswanoidwi olysoubelp aINses|N S}SOD UOISS|WISUEBJ] PUE 8INSO|0 Pag o
asn s1S09 juabe onnadesay] e
92JN0SaJ YIM SOlISiiels Ajljepow auiquio) ‘g SAe)S POpUS]IXd WOUy SSO| AHAIONPOId o SpJo2aJ ainypuadxe Aoewleyd e
uolo8Ul sbuines sofnsoubelp pidey e sawl} punoJeudn} oissoubelq e
sjulod g—Q :9bueJ 21005 jJue}sisaJ Jad S}SOO [BlUSWSIOU| 8ende) g S}S00 Ajljepow 9|qeINQUIY o SOl}9W UONES|[IN 82IN0S3Y
(es10m) 81095 JaybiH = usping JaybiH suJeyed aouelsISal UM Biep [eloueuly Yur “| SISA[BUB SSOUBAIOB}O-1SOD) o BJEP |0JJUOD UOI108jU| eBJEP }SOO/[BIoURUI o %S (S) sweisAs
sAemyied
ybnouyy eoue)dwoo |0o030.d ¥oel] G
sabueyo pJodaJ uoljelisiuiwpe asAfeuy i
suoneolyipow uonduosaid Ayuep) ' Buliojuow eoualaype sullepINg e
slaquosaid sjuswisnipe uoneinq e sbo| uoneoyipow uonduosaid e
0} sjuawissasse Aousedwoo 3uI ‘g suonesiwindo 8soq e elep Aemuyied [eolul) o
sjulod Gg—Q :9bueJ 21005 swio)sAs (SeyouMs [eJo-\|) SUOIUBAIBIUI SINY spJooal Buisuadsip Aoeulieyd e
(1o190) 2100s Jomo] = sassad0.d Jeneg HH wouy uone|dwod Bujuresy 10enx3 *| $9]EJ UOo138|dWOd UOITBONPS JEIS o swialsAs Bujuiesy HH e %G (d) sesse001d
uofjejuswa|dwl UoUSAIRIUI YOBI] “f
uone|dwos mainal diyspiemals Apauenp g Bupoesy uoljejusWwS|dwl UOUSAISIU| o BJep MOYIOM HHT o
suoleolou uol}e|dwo9 %oeqpas) pue Ipny e saseqelep Juswanoidwi Alend e
sjuiod g—0 :9buel 81003 yum suoisiosp uonduosaid yur ‘g Ssojel asuodsal Yoy e suoljeoyzou poddns uoisioaq e
(191190) 21008 JomoT = uoidope Jayeg sBoj| wouy sa1el asuodsal paje 10eixg “ | saje) uoljejusws|dwi SSAD e sBoj uoles||iin walsAS e %G () uondopy
uoleinp
Buiquosaid 0y syblem wniyoads Ajlddy "9
synsal
2In3nd yum Buiwiy uonduosaid yore g ISV o
saullepInb uoneoipul sA suswibal asedwo) abejusolad Buiquosaid papinb-ainyny e
uoljelnp pue yipeaiq odiolqiue asAleuy ‘g sajel 90Uel|dWOD dul[BpPINY e (s1oreuiwousp Aejs jo yibus|) seposids e
suoleinp JSvd e (Buwiy synsai 8inynd) ABOJ0IGOIOIW
sjulod gg—-0 :9bues 81005 /se1ouanbauy/sesop Buisn sqaq 9¥ende) g sAep-jusired 000 4od AaQ e (serousnbauy
(1on0Q) 2109s Jomo] = Bunoyuow Jeneg salobales ayep\y 01 sonoiqiue dep “| UOIBOIISSE[D 8HBMY OHM o ‘sasop ‘saweu Bnip) Buiquosaid Aoeweyd e %08 (IN) Bunoyuopy
sa)el asde|as uoiosjul Aep-og e
sAep Qg UlyuM suolissiwpeal Ajusp) ‘9 S9]BJ UOISISAUOD [BI0-0}-/\| ®
SUOISISAUOD |BIO-0}-/\| SSOSSY G (sinoy) Adeiayy annosye o1 swi] e (suolssiwpeas)fousbiow] e
awi} o1101q1UB-0}-UsWIoads aInNses| {7 sajel Aljeyow Aep-0g (snye1s abueyosip ‘Aels Jo yibus)) saposid] e
saJnyno (ejqndeosns (spiooa.
AdeJsyl aA11oaye 01 Yy 9s :1ebie] JuElsISaJ JO sAep Qg UIyum Alljepow ol | ‘¢ *SA Juessisal) 1oedw Aejs Jo yibua e uoljeJisiuiwpe) uoljeslsiuiwpe Aoewieyd e
sjuiod gg-0 :9bues 81005 s|enssiul 961eYOSIp-03-uoissiwpe asedwo) ‘g sAep-jusned (sdweysawiny @)
(es10M) 8109s JBYBIH = SSBUBAOBYS JOMOT] ejep aposide yum sbej} aouelsisal yul “| 000 J1od 82uUspIoUl UOI}O84UI JUB)SISOY e uonduosaud) Buiquoseid Aoewleyd e %08 SSBUBAI0BYT
sAep-jusijed
000°| 4od saje. 9oUB)SISal 9jBIaULdY) G (0L-aDI BIA) @oUElSISA) dYD PUB [1N *
ABojoigosoiw 90UE]SISal piem [elauab sA ND)| e
UHM SBP09 0 |-AD| 9oUdI84aI-SS0ID) oBOOB1I9}OBJOISIUT Ul SOJe) 19ST o
uoneoyells Ajeloads Joy elep pJem 3ur ‘g snaine 'S Buowe aousjeraid YSHIA e (1x@109 aposide ‘eyep piem) seposid] e
sjulod Gg—0 :9bues 81008 SOSSEB|D £ 0} 80UuelSIsal 9jenoje) g (sosseo (Aupgndeaosns
(es10M) 8100s JaybIH = aoue)sisal JaybiH erep Aujigqndsosns wsjueblo 10esx3 *| onoignue g ) sael YA [[B4anQ e ‘uoryeoyauapl wsiuebio) ABOJOIqOIDIN e %G2 (Y) @ouelsisay

uonejnojed a109s [euld

WISIUBYOSW UOISIaAUOD

pajoeaIxa souew Aoy

$92.n0s ejep |epdsoy mey WyBIoMm ujewoq

2109s UapINq YAV @Y1 | € 9|qeL

15

npj Antimicrobials & Resistance | (2026)4


www.nature.com/npjamar

https://doi.org/10.1038/s44259-026-00184-w

Article

Table 4 | lllustrative case study: monitoring improving AMR burden at ‘metropolitan general hospital’ following an intervention;

the lower the score, the better

Quarter Total score R E M A P S lllustrative changes to resistance metrics

Q1 2023 (Baseline) 72/100 22/25 25/30 20/30 2/5 2/5 1/5 e.g., 18% MDR rate, 8% MRSA, 3.2-day excess LOS, 15% 30-day mortality,
35% culture-guided prescribing

Q3 2024 (Post-Intervention)  51/100 15/25 18/30 13/30 2/5 2/5 1/5 e.g., 12% MDR rate, 5% MRSA, 1.8-day excess LOS, 8% 30-day mortality,

58% culture-guided prescribing

See Supplementary Table S3 for an illustrative step-by-step conversion of
raw data (e.g., incidence rates, percentage compliance) into the domain
score. An illustrative example of a final overall score is provided in Table 4.

Discussion

This study presents the development of the AMR Burden Score, a multi-
dimensional composite index designed to quantify the burden of anti-
microbial resistance (AMR) across institutional, regional, and national
levels. This is intended to serve as an additional AMR tool (alongside other
AMR/AMS standards and resources already in operation) for healthcare
institutions to perform retrospective self-assessment of their AMR land-
scape (resistance, management, and resource allocation) and to measure the
effectiveness of interventions over time. Traditional AMR surveillance
methods typically rely on discrete, siloed indicators, such as resistance
prevalence, antibiotic consumption rates, or stewardship compliance' ™.
While each of these offers valuable insights, none alone captures the full
complexity of AMR as a systemic threat. The AMR Burden Score addresses
this gap by integrating a wide array of data sources, including clinical out-
comes, microbiological trends, stewardship practices, and economic
impacts, into a single, interpretable composite score'. In doing so, it pro-
vides a robust, dynamic model capable of supporting near real-time
assessments and longitudinal monitoring". However, the development
process revealed fundamental tensions regarding framework coherence.
Expert feedback highlighted a critical debate about whether AMR burden
measurement should be integrated with stewardship process evaluation.
While composite measurement offers a comprehensive assessment, there is
potential for misrepresentation by conflation of distinct analytical objectives
that serve different decision-making needs. Initial framework acceptance
was strong, with 14 of 17 experts (82%) in Round 1 agreeing that metrics
within each domain reflected relevant and measurable aspects of AMR and
antimicrobial stewardship (AMS). However, significant methodological
concerns emerged through qualitative feedback analysis regarding the
combination of resistance epidemiology with management processes in a
single composite score.

The score’s development was underpinned by the REMAPS frame-
work following a scoping review by the authors, in consultation with other
work'*"®, which articulated six core domains: Resistance, Effectiveness,
Monitoring, Adoption, Processes, and Systems. Through a structured,
three-round modified eDelphi process, domain relevance, indicator selec-
tion, and relative weighting were refined in response to expert feedback, as
illustrated in similar literature describing stewardship implementation
programmes'’. The consensus evolution revealed notable patterns across
the three rounds (Round 1: n=17; Round 2: n =7; Round 3: n=5). Most
significantly, the incidence of resistant infections achieved a unanimous
consensus in Round 3 (median 8.0, IQR 0.0), establishing this as the core
AMR burden indicator. Other indicators achieving strong final consensus
included year-on-year resistance trends (median 8.0, IQR 1.0) and staff
training and education (median 7.0, IQR 2.0). The framework was rein-
forced by mortality-based calibration in the Effectiveness domain, derived
from studies comparing outcomes in resistant versus susceptible
infections'®". Together, these components ensure that the score is both
methodologically sound and clinically meaningful. The expert endorsement
process revealed significant methodological challenges. The substantial
attrition rate of 59% from Round 1 to Round 3 (from n = 17 to n = 5) created
potential selection bias toward more engaged, implementation-focused

experts. Critically, all health economists departed after Round 1, eliminating
crucial economic evaluation perspectives from subsequent framework
refinement. This professional background bias significantly influenced
outcomes, with specialty backgrounds affecting indicator priorities
throughout the consensus process”. The small final sample size raises
questions about the robustness of late-round consensus findings and sug-
gests the 75% agreement threshold may have been too permissive for
meaningful consensus development. The expertise in Rounds 2 and 3
remained focused on the core clinical fields (Infectious Diseases/Micro-
biology/Pharmacy), ensuring the core clinical perspective was maintained
despite attrition. The score was designed for interoperability with existing
AMR surveillance systems'', housing routine data on resistance patterns,
antimicrobial prescribing, and infection prevention measures™*. Imple-
mentation feasibility varies by setting, with sophisticated infrastructure
indicators receiving lower consensus ratings, while core prescribing practice
indicators showed sustained expert support. The score aligns with national
and global AMR strategies, including WHO’s Global Action Plan and
national AMR action plans, operationalising strategic goals and coordi-
nating multisectoral responses following One Health principles™ .

The eDelphi methodology provided structured expert consensus
mechanisms, engaging clinicians, microbiologists, pharmacists, economists,
and public health professionals'”. Pharmacists offered expertise in anti-
microbial stewardship as well as including pharmacokinetic, dynamic and
economic issues. However, purposive sampling may have over-represented
certain perspectives, with noted gaps in veterinary AMR expertise and
limited global representation. Expert feedback revealed crucial terminolo-
gical concerns, particularly the need to distinguish prevalence from inci-
dence rates and clarify microbiological versus clinical burden concepts. The
Effectiveness domain achieved the strongest consensus, with resistant
infections consistently rated as the primary burden indicator across all
rounds. The WHO AWaRe (Access, Watch, Reserve) usage patterns
showed strengthened consensus from Round 1 (median 7.0, IQR 2.0) to
Round 3 (median 8.0, IQR 2.0), while more complex analytical indicators
such as the Antimicrobial Spectrum Index lost support over successive
rounds . The model’s contextual flexibility was designed to accom-
modate varying health system contexts through modular implementation,
particularly addressing resource limitations in low- and middle-income
countries'>". We acknowledge the omission of Vancomycin-resistant
Enterococci (VRE) and the broad grouping of Carbapenem-resistant
Enterobacteriaceae (CRE); the initial scoping was designed to capture
broad categories that represent a significant burden across multiple coun-
tries. There is a trade-off between breadth and specificity, and local adoption
should allow for substitution of locally critical pathogens (e.g., adding VRE
or replacing a broad group with CRE).

Despite its strengths, this study has important limitations that warrant
attention. The 59% overall attrition rate between Round 1 and Round 3
created potential selection bias, though the specific professional and geo-
graphic characteristics of participants who withdrew versus those who
remained require further analysis to assess the nature and extent of this bias.
Theloss of all health economists after Round 1 eliminated crucial economic
evaluation perspectives from framework refinement, potentially explaining
the relatively weak consensus around economic indicators in later rounds.
Development in low- and middle-income countries and additional non-UK
settings is necessary to confirm the model’s global applicability'*"'. Profes-
sional interest bias significantly influenced outcomes, particularly as only
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experts from the UK and the US participated, with specialty backgrounds
affecting indicator priorities throughout the process. This raises questions
about the objectivity of consensus-based approaches and suggests the need
for additional development methods beyond expert opinion.

Second, data heterogeneity poses challenges, particularly in domains
reliant on economic indicators, which may be inconsistently defined or
collected across institutions’”. The weighting system, although derived
through expert consensus, remains partially subjective. Incorporating
machine learning approaches in future iterations could provide a more data-
driven method for refining domain influence™. The score’s temporal rigidity
by relying on periodic data collection, limits responsiveness in acute settings
or during rapid AMR shifts”. The AMR Burden Score needs statistical
consideration of confounding factors (hospital size, resource allocation, and
baseline incidence) when comparing scores between institutions, particu-
larly in relation to the epidemiology and management domains. This
requires a statistician’s input for future validation studies. The framework’s
coherence concerns, raised consistently by experts, suggest that combining
resistance burden measurement with stewardship process evaluation in a
single composite score may conflate distinct analytical objectives. Future
iterations should consider whether separate indices for epidemiological
burden and management effectiveness would provide clearer insights for
different decision-making contexts*". There is potential for a future
‘Alerting Function’ built upon the baseline AMR Burden Score. While the
current retrospective score is not designed for real-time outbreak detection,
the Management (M) and Policy (P) domains capture the infrastructure
required for rapid response, which the score helps to benchmark.

Expanding implementation beyond the UK presents significant and
multifaceted challenges, particularly for LMICs where surveillance infra-
structure remains fragmented and under-resourced. The score is designed
to be calculated annually or semi-annually by an Antimicrobial Stewardship
(AMS) team, allowing for standardised comparison within an institution
over time and between comparable institutions (e.g., those with similar
resources and specialties) to identify areas for strategic health innovation
and intervention. These settings require comprehensive framework mod-
ifications, including simplified indicators that align with limited laboratory
capacity, reduced data collection requirements, and adaptation to diverse
healthcare delivery systems™. The challenges are compounded by the
scattered nature of AMR surveillance in LMICs, where weak laboratory
capacity, poor health systems governance, inadequate health information
systems, and limited financial resources create substantial barriers to
effective monitoring programmes. For resource-limited settings (RLS), a
simplified, reduced-metric score focusing on outcomes and education is a
necessary future step. Future iterations should prioritise automation and
interoperability through electronic data integration using globally recog-
nised standards, particularly those promoted by WHO’s Global Anti-
microbial Resistance and Use Surveillance System (GLASS)”. This
approach would enable more effective linkage with electronic health
records, laboratory information management systems, and existing sur-
veillance networks, creating a unified data ecosystem that supports real-time
monitoring. The integration should leverage automated reporting
mechanisms already implemented in many clinical diagnostic laboratories,
which have demonstrated clear advantages in speed, accuracy, and reduced
reporting burden on healthcare facilities.

Embedding predictive analytics capabilities, including advanced time-
series forecasting, machine learning algorithms, and pattern recognition
systems, could transform the score from a retrospective assessment tool into
a forward-looking decision support system"'. These enhancements would
enable early detection of emerging resistance patterns, prediction of resis-
tance trends, and identification of intervention opportunities before critical
thresholds are reached. The integration of genomic surveillance data and
whole genome sequencing results could further enhance the score’s pre-
dictive capacity and support outbreak investigation efforts. Sustained sta-
keholder engagement remains critical for successful implementation, with
organisational leadership preferences currently split between patient safety
and medical director models (35% each). Internationally, antimicrobial

stewardship typically aligns with patient safety frameworks; however, sig-
nificant differences in understanding and operational interpretation influ-
ence programme effectiveness and delivery outcomes. The moderate
framework acceptance rate (82% strong agreement) indicates that addi-
tional targeted engagement strategies, capacity building initiatives, and
demonstration of clear value propositions may be necessary for achieving
widespread adoption™.

The Systems domain offers substantial opportunities for enrichment
through more sophisticated economic modelling approaches, including
comprehensive cost-effectiveness analyses, budget impact evaluations, and
return-on-investment assessments'"*’. These enhancements would provide
decision-makers with critical financial data to support programme justifi-
cation, resource allocation, and sustainability planning. Integration with
broader health economic frameworks would enable the AMR Burden Score
to demonstrate its contribution to overall health system performance and
patient safety objectives, thereby strengthening the case for continued
investment and expansion of surveillance capabilities. The development
should also incorporate lessons learned from existing surveillance evalua-
tion tools and frameworks, ensuring that the scoring system addresses both
technical performance metrics and collaborative effectiveness across mul-
tiple sectors and stakeholders involved in AMR prevention and control. The
potential integration of the AMR Burden Score into national surveillance
platforms offers a transformative opportunity to support and strengthen
antimicrobial resistance monitoring capabilities. This multidimensional
scoring framework provides comprehensive AMR burden evaluation across
clinical, operational, and economic axes, enabling stakeholders to track
temporal trends, conduct geographic comparisons, and identify resistance
hotspots™***". The score addresses a critical gap identified in recent global
burden studies, which highlight the urgent need for standardised, com-
parable metrics to guide evidence-based policy decisions in combating AMR
at national and international levels****. We aspire to the prospective in-use
validation of the score within a selection of UK NHS Trusts; the reliability
and standardisation of underpinning data sources for future score imple-
mentation are essential.

The AMR Burden Score represents a further tool in the measure-
ment and monitoring of antimicrobial resistance. Developed through a
rigorous process of expert consensus and empirical calibration, it
provides a structured, integrative, and scalable framework for quanti-
fying AMR burden across diverse healthcare systems. By consolidating
clinical, microbiological, stewardship, and economic data into a unified
metric, the score enables more standardised institutional reporting,
facilitates tracking of stewardship interventions, supports evidence-
based research prioritisation, and promotes cross-system benchmark-
ing. Crucially, it transforms fragmented AMR data into actionable
intelligence, equipping healthcare providers, policymakers, and public
health agencies with a tool to respond more strategically to the evolving
global threat of antimicrobial resistance. The immediate next steps are
focused on piloting operational validation with a UK healthcare orga-
nisation and collaborating with national partners within the
AMR space.

Methods

Delphi design and integration of expertise

This study, over 3 months, employed a three-round modified electronic
Delphi (eDelphi) method to develop, validate, and calibrate the AMR
Burden Score, a composite index designed to quantify the burden of anti-
microbial resistance (AMR) across healthcare settings; the modification
arose out of restrictions on resources. Imperial College London university
ethics approval was granted in full (7819350). The methodological process
followed best practices for Delphi studies as outlined by the DELPHISTAR"”
guidelines. Participants included professionals in clinical microbiology,
infectious diseases, pharmacy, health economics, epidemiology, infection
prevention and control, and clinical informatics. These disciplines were
selected to ensure comprehensive representation of theoretical, practical,
and systems-level perspectives relevant to AMR.

npj Antimicrobials & Resistance| (2026)4:15


www.nature.com/npjamar

https://doi.org/10.1038/s44259-026-00184-w

Article

If expertise in specific subdomains of AMR (e.g., veterinary AMR,
global south representation) could not be integrated due to recruitment
limitations, this was communicated to the panel during the Delphi
process. Experts were defined as individuals with a minimum of five
years of active engagement in AMR-related fields, with demonstrable
involvement in policy, surveillance, clinical practice, or research per-
taining to AMR.

Delphi variant and rationale

A modified three-round electronic eDelphi approach was used, consistent
with adaptations commonly employed in digital consensus-building
methodologies. It was modified in that a scoping review, not a full sys-
tematic review, was used to develop the first set of statements. The electronic
format enabled asynchronous participation from international experts. A
maximum of three rounds was pre-specified to prevent participant fatigue.
No additional rounds were planned unless response attrition or consensus
thresholds necessitated adjustment.

Expert sampling and recruitment

All experts meeting the above definition were invited to participate in Round
1. Only those who completed a given round were invited to participate in
subsequent rounds. Experts were identified via purposive sampling based on
their publication records (searched via PubMed), roles in national and
international AMR initiatives, and participation in relevant policy or clinical
committees. Experts were invited via personalised email containing infor-
mation about the study’s aims, anonymity protocols, and expected time
commitment. Participation was voluntary, and informed consent was
implied by completion of the survey. No incentives were provided. Three
follow-up reminders were sent to maximise retention across rounds.

Questionnaire development and structure

This Delphi study employed a systematic three-round approach to develop
and validate the REMAPS framework for antimicrobial resistance burden
measurement. Round 1 evaluated indicators across six domains (Resistance,
Effectiveness, Monitoring, Adoption, Processes, Systems) using nine-point
Likert scales. The domains were derived from established pillars of national
AMR action plans (Surveillance, Stewardship, IPC, Research, Policy) but
were modified and re-framed to focus on quantifiable institutional metrics
for self-assessment. Experts were given proposed preliminary weights based
on literature review findings, allocating thirty percent each to Effectiveness
and Monitoring, twenty-five percent to Resistance, and five percent each to
the remaining domains. These represented working allocations for testing
rather than validated weightings. Round 2 introduced explicit domain
weighting evaluation to assess both individual indicators and overall
domain allocations while providing feedback on framework coherence.
Round 3 continued this development process, requiring them to evaluate
proposed weights using agreement scales, suggest alternative percentage
distributions, and rank domains by importance for antimicrobial resistance
burden measurement. This progressive refinement evolved from
researcher-proposed allocations to expert-validated consensus weights.

Delphi rounds and objectives

A total of three Delphi rounds were conducted to evaluate the relevance of
candidate domains and indicators, and to seek to establish consensus on the
final framework. The maximum number of rounds was pre-specified as
three, and continuation beyond that point was not planned. The third round
was contingent upon retention levels and the degree of unresolved dissent.
Quantitative data were analysed descriptively using medians, IQRs, and
frequency distributions. Free-text responses were thematically analysed
using an inductive coding strategy. Consensus for inclusion of an item in the
score was defined a priori as 275% of respondents giving ratings 7-9 on the
Likert scale with IQR < 2 for indicator inclusion or acceptance; consensus
on alower score on the Likert scale would result in exclusion from the score.
No group-specific weighting was applied during indicator rating,
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