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Background: Antimicrobial stewardship (AMS) and infection prevention and control (IPC) programs are crucial
for reducing antimicrobial resistance in hospitals. Existing quality indicators (QIs) for these programs are mainly
qualitative, hindering external benchmarking. PILGRIM (NCT03765528) is a prospective multinational cohort
study evaluating the impact of antibiotic prescription quality on intestinal domination by healthcare-associated
pathogens.

Objective: In this sub-study, we develop a quantitative scoring tool for AMS and IPC programs to facilitate stan-
dardized assessments of programs and support clinical studies.

Methods: We used a RAND-modified Delphi consensus procedure to establish a scoring system for AMS and IPC
programs. The tool was tested using data collected from eight hospitals in five countries during 2019-2024. We
evaluated temporal associations between scores, Clostridioides difficile cases, hand disinfectant and antibiotic use.

Results: We assessed 98 QIs, resulting in in a final set of 62 QIs (35 for AMS and 27 for IPC). For our sites, the
overall median score was 29 out of 50 (IQR 28-31) for AMS and 36 out of 50 (IQR 33-38) for IPC programs.
Higher-scoring sites decrease antibiotic use over time. IPC scores were positively correlated with hand disinfect-
ant use.

Conclusion: This quantitative scoring scheme represents a promising step towards standardizing assessments
of AMS and IPC programs in high-income settings, enabling external comparisons and supporting future clinical
studies. Further validation is needed to refine its predictive validity and ensure its utility in diverse healthcare
settings.

© The Author(s) 2026. 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.
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Introduction

Antimicrobial stewardship (AMS) programs in acute-care hospi-
tals (hospitals that provide active short-term treatment for injur-
ies, a disease or severe episode of illness) are essential for
promoting appropriate antimicrobial use, maximizing treatment
efficacy and minimizing selection of antimicrobial-resistant
(AMR) microorganisms.*

When combined with effective infection prevention and control
(IPC) programs, their impact on reducing the prevalence of AMR mi-
croorganisms and antimicrobial use has been well documented.”*
Recognizing the need to tailor programs to available resources, fra-
meworks combining quality indicator (QI) sets in hospital settings
provide structured mechanisms to evaluate capacity—though their
applicability varies considerably, as highlighted in a recent system-
atic review of 229 QIs across 16 studies.” Notably, most existing fra-
meworks lack a numerical scoring component to reflect the degree
of achievement of the indicators; although they can support internal
monitoring over time, they are generally not designed for external
comparisons or benchmarking across institutions.>™ Furthermore,
integrated IPC and AMS frameworks are lacking despite the comple-
mentarity and even synergy of these programs, limiting their utility
in assessing real-world performance of programs on drug-resistant
infections.

With growing interest in multicentre clinical studies focused
on AMR reduction, there is a need for robust, interpretable tools
that can support the validation and clinimetric evaluation of
QIs and facilitate intersetting comparisons. PILGRIM (registered
under ClinicalTrials.gov; NCT03765528) is a prospective observation-
al cohort study conducted in 10 hospital sites across 6 high-income
countries, with the aim of evaluating the impact of antibiotic pre-
scription quality on intestinal colonization and domination by
healthcare-associated pathogens.'®!! In this sub-study, we de-
velop and test a numerical scoring tool for AMS and IPC programs
that is acceptable to end users, sensitive to temporal changes,
suitable for validation as a credible measure of hospital program
quality or performance and, therefore, can serve as a tool to as-
sess ‘site-readiness’ for AMR-related clinical research. Using Qls
extracted from published implementation checklists, we em-
ployed a consensus-based approach to develop AMS and IPC
scoring systems based on the predicted impact on clinically
meaningful outcomes. We then tested the scores obtained for
each participating hospital against antibiotic consumption and
Clostridioides difficile cases over time.

Methods

Description of the study sites

The study was conducted across eight acute-care hospital sites that var-
iedin size, infrastructure age and clinical focus. The participating hospitals
ranged from 499 to 1589 beds and included both medical and surgical
services. Wards represented included haematology-oncology, stem cell
transplantation, cardiology, cardiothoracic surgery, urology, gastrointes-
tinal surgery, rheumatology and infectious diseases.

The age of the main hospital buildings ranged from 3 to 65 years, re-
flecting heterogeneity in infrastructure. Average length of stay across
sites varied between 3.6 and 6.7 days, where available. Each site contrib-
uted between two and three wards to the study, which were assigned
site-specific ward identifiers (ID1-ID3) for analytic purposes. A summary
of site characteristics is provided in Table 1.

RAND-madified Delphi procedure to select quality
indicators

We used a modified Delphi approach to develop a list of QIs for AMS and
IPC programs and a standardized numerical scoring scheme for each QI
in an empirical but systematic fashion. The procedure consisted of a four-
round online survey or face-to-face meetings to establish a consensus. All
face-to-face meetings were conducted online via video conference.

Investigators of the PILGRIM consortium with expertise in infectious
diseases and/or AMS, infection control or clinical microbiology were in-
vited by email to participate. Experts were asked to evaluate the import-
ance of a list of indicators prepared by two of the study investigators (M.S.
and S.Z.Z.) based on a literature review of existing tools and their personal
experience in the field.!?"1*

The QIs were presented to experts to be grouped into domains.
Domains were defined as broad categories of actions or strategies within
a program, whereas QIs were described as specific actions/interventions
within a domain. In the first round, experts were asked to rate the appro-
priateness of their inclusion and the level of importance of each domainin
terms of potential impact on clinically meaningful outcomes and of each
QI. Indicators were rated using a 5-point Likert scale ranging from 1 ‘com-
pletely disagree’ to 5 ‘completely agree’ and domains were assigned
weights (e.g. <25%, 25%-50% or 50%-70% of the total) to reflect their
relative importance within the assessment tool. During the second round,
discordances on QIs and domains were discussed. Discordance was de-
fined as <100% agreement within the group (e.g. at least one expert
choosing ‘somewhat disagree’ or ‘completely disagree’). Discordances
were discussed until complete agreement was reached (i.e. accept/reject
or madify). In the third round, a numerical scoring scheme for each ac-
cepted QI was proposed ranging from 0 ‘not in place-absent’, to 2 “fully
implemented-present’. For example, if a hospital has an established
AMS leadership team, this indicator would be scored as ‘present,” whereas
if no such structure exists, it would be ‘absent’.

Experts were asked to agree or disagree with the proposed scoring
scheme and to comment on the definitions assigned to ‘yes’, ‘partial’
and ‘no’ answers. A fourth round of talks was held to discuss significant
discordances until complete agreement was reached.

Testing

During the period of active patient recruitment for the main PILGRIM
study (2019-2022), each study site had completed a survey question-
naire describing existing IPC and AMS programs in place, data on hand
disinfectant consumption when available [volume (mL used per patient-
day for each indicator department), number of C. difficile infection (CDI)
cases (as defined by local testing practices) and hospital antibiotic use
in DDD per 100 bed-days]. Data on duration of programs, whether they
underwent formal quality audits and the specific type of disinfectants
(brand) were not available. The self-assessment tool consisted of a blank
template containing all the QI, scoring rules and domains retained by
consensus. A team member blinded to the sites then converted survey re-
sponses to tabulated domain-specific and overall numerical scores for
IPC and AMS programs for each site and for each year of the study.
Team leaders for each study site were asked to review their tabulated
scores for the years 2019-2022 and then to use the tool to score their
sites for the year 2024. When study team leaders were not responsible
for IPC or AMS at their sites, they were asked to review their scores with
the responsible leads. Any score differences in 2024 compared to previous
years were discussed by email to determine whether these reflected a
true change in program activities or were due to interpretation errors.

Association between scores and outcomes of interest

We explored potential temporal associations between AMS and IPC pro-
gram scores, total antibiotic use, hand disinfectant consumption and
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Table 1. Characteristics of the hospitals that participated in the self-assessment exercise

Hospital size Age of the main hospital ~ Average length of
(number of building stay
Site Wards included beds) (years) (days)
Site 1 Haematology-Oncology (ID1), Cardiology (ID2) 517 3 6.7
Site 2 Oncology (ID1), Haematology (ID2), Cardiothoracic Surgery (ID3) 499 29 4.6
Site 3 Urology (ID1), Gastrointestinal Surgery (ID2), Haematology (ID3) 705 11 3.6
Site 4 Surgery (ID1), Haematology-Oncology (ID2) 1589 65 6.4
Site 5 Urology (ID1), Cardiac Surgery (ID2) 981 43 39
Site 6 Haematology-Rheumatology (ID1), Stem Cell Transplant (ID2), 1488 49 6.4
Infectious Disease (ID3)
Site 7 Oncology (ID1), Cardiothoracic Surgery (ID2) 900 36 4
Site 8  Gastrointestinal Surgery (ID1), Haematology (ID2) 587 37 Not available

ID, indicator department.

CDI using simple scatter plots to visually represent relationships between
these variables over time. We postulated that total antibiotic use would
remain stable or decrease over time in sites with high AMS scores and in-
crease over time in sites with low scores. Given the small number of data
points, no statistical analyses or correlation coefficients were conducted.

Ethics and regulatory status

The study was reviewed and approved by the responsible ethics commit-
tees and/or institutional review boards of all participating sites.

Results

RAND-modified Delphi procedure

Of the nine PILGRIM principal investigators (i.e. study site leaders)
invited to participate, eight accepted the invitation and were in-
cluded in the panel. Two of the study investigators (S.Z.Z. and
M.S.) moderated the panel and meetings took place between
January and March 2024. All panel members had clinical experi-
ence as IPC or AMS experts working in high-income settings (not
necessarily hospital leads for these activities); two of the experts
(S.2.Z. and MS. had additional experiences in low- and
middle-income countries.

In Round 1, 54 of the 98 QIs (20/60 IPC; 34/38 AMS) reached
complete agreement and were accepted with no further discus-
sion. The remaining 44 QIs (44.9%) moved to Round 2 (40 IPC; 4
AMS). Disagreements reflected difficulty in distinguishing levels of
agreement (e.g. ‘generally’ versus ‘completely agree’), wording
issues (e.g. use of ‘very important’) or the need to consider the lo-
cal epidemiology (e.g. screening for multidrug-resistant organ-
isms dependent on prevalence). In Round 2, for IPC, 2
indicators were accepted unchanged, 8 were combined into
four, 1 was rephrased and 29/40 were rejected (Table S1, avail-
able as Supplementary data at JAC-AMR Online). For AMS, one in-
dicator was eliminated and three related to antibiotic
consumption were combined into one (Table 2). At the end of
Round 2, consensus was reached on 62 QIs (27 IPC; 35 AMS) or-
ganized in 10 domains (4 IPC; 6 AMS). In Round 3, scoring was de-
fined for each indicator as 2 for fully achieved, 1 for partially
achieved and 0 for not achieved yielding a total possible score

of 0-50 for both IPC and AMS. The final list of quality indicators
and scores are presented in Table 2 (IPC) and Table 3 (AMS).

Testing of scoring tools

IPC and AMS programs of each participating PILGRIM sites
(described in Table 1) were scored using the QI scoring scheme
developed during the consensus procedure, for the period
2019-2024.

In total, 8 hospitals in 5 countries reported data for a total of
22 departments. Seven of these eight sites reported data for at
least 3 years, while one site reported data for only 2 years of
the study.

IPC scores

Across all eight participating sites, the overall median score for
IPC was 36 [interquartile range (IQR) 33-38, maximum score
50]. There was some variation between departments within
some hospital sites in terms of structure (number of single rooms,
presence of dedicated bathroom, nurse:patient ratio and hand
hygiene), but overall little variation between departments in
terms of ‘Precautions’ (indicators for screening and contact pre-
cautions) and cleaning (Table S3).

Overall and domain-specific scores for all sites (median and
IQR) are presented in Table 4. Details of the scores for each site
are presented in Table S3.

Among the seven sites with >3 years of data, four showed
stable IPC scores over time (<2-point change), while three
showed notable variation: Sites 3 and 7 improved driven by higher
hand hygiene scores, whereas Site 5 declined due to worsening
indicators across all domains.

AMS scores

Across all eight participating hospital sites, the overall median
score for AMS was 29 (IQR 28-31). Total scores ranged from 23
to 40 (all years combined, maximum score 50). Overall and
domain-specific scores for all sites (median and IQR) are pre-
sented in Table 4. Details of the scores at each site are presented
in Table S4.
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Table 4. IPC and AMS programs self-assessment scores (all sites)

Maximum
possible Median score (IQR)
Domain score (all sites)

IPC Structure 8 7 (IQR 6-7)
Precautions 18 13.5 (IQR 10-14)
Cleaning 16 13 (IQR 11-13)
Hand hygiene 8 5 (IQR 3-6)
Total IPC score 50 36 (IQR 33-38)

AMS  Structure 7 7 (IQR 5-7)
Guidelines 7 5 (IQR 3-5)
Interventions 14 3 (IQR 1-4)
Monitoring and surveillance 14 9 (IQR 8-10)
Reporting and education 8 6 (IQR 5-7)
Total AMS score 50 29 (IQR 28-31)

AMS, antimicrobial stewardship; IPC, infection prevention and control;
IQR, interquartile range.

The median score was calculated using the data for each department for
the years 2019 to 2024 (i.e. multiple years and multiple departments).

All sites performed well in the ‘Structure’ domain, with four
(Sites 3, 6, 7 and 8) consistently achieving the maximum score.
Except for Site 3, all sites showed changes between 2019 and
2024; Site 6 improved, while Site 5 declined. The most variability
between sites was in the domain ‘Interventions’ (range 1-9,
maximum 14) and ‘Reporting and education’ (median score 6,
range 4-8, maximum 8).

The sites with the highest score for ‘Interventions’ reported
specific strategies for surgical prophylaxis, bloodstream infec-
tions, dose adjustments in case of organ dysfunction, dose opti-
mization particularly for resistant pathogens and regularly
performed prospective audits with feedback. The site with the
lowest score reported conducting only sporadic audit and feed-
back activities and no other interventions. Prospective audit and
feedback activities were reported by six sites in 2024, but only
two performed these consistently on a weekly basis (Sites 1
and 8).

For the domain ‘Guidelines and Policy’, the median score was 5
(range 2-5, maximum 7) and was mostly stable over time with
three of the four sites with the highest score reporting no change
between 2019 and 2024. One of the sites with the highest score
in this domain reported an increase in 2024 (from 3 to 5) as they
started a policy that required prescribers to document details of
the antibiotic prescription in the medical record and a formal pro-
cedure to review prescriptions after 48 h. For ‘Monitoring and sur-
veillance’, the median score was high (9, range 8-14, maximum
14); most sites noted some improvement in 2024.

Figure 1 presents scores at various time points for each partici-
pating site.

Total antibiotic consumption and AMS scores

Total antibiotic use data were available for all participating hospi-
tals from 2019 to 2024 (Figure 2), with two sites (Sites 4 and 6)
not reporting data for 2024. In five of the eight sites, antibiotic

use increased over the study period, though there was a decline
in 2021 (peak of the COVID-19 pandemic) in some sites. Mean
antibiotic use increased from 62 DDDs per 100 patient-days in
2019 (range across sites: 39-81) to 65 DDDs per 100 patient-days
in 2024 (range: 49-81). Figure 3 represents visual trends in total
antibiotic use and AMS scores from 2019 to 2024. For sites in the
top quartile for stewardship (scores >31), there was a visual trend
towards further strengthening of programs and decrease in anti-
biotic use. For sites with scores <30, there was little improvement
in scores over time and an upward visual trend in antibiotic use.
Site-specific associations between total antibiotic use and stew-
ardship scores (including with the domain ‘Interventions’) are
shown in Figures S2 and S3.

New CDIs and total scores

New CDI data were only available as the absolute (total recorded)
number of cases per year at the hospital level and not rates, and
only three sites (Sites 1, 2 and 3) sent data for more than 2 years.
No clear temporal pattern was detected between the number of
new CDIs and the total AMS or IPC scores. These data are re-
ported in Figure S4.

Hand disinfectant consumption, hand hygiene and IPC
scores

Consumption of hand disinfectant (mL/patient-day) at the indi-
cator department level was available for at least 2 years for
most sites (7/8). Total IPC scores, which were closely aligned
with hand hygiene scores, tended to visually correlate with disin-
fectant use in all sites (shown in Figures S5 and S6).

Discussion

In this study, we developed a quantitative scoring system to as-
sess hospital AMS and IPC programs and standardize site selec-
tions for AMR-related clinical studies. This approach may help
reduce inefficiencies in trial conduct by ensuring that participat-
ing sites have the necessary pragmatic capacities.

We incorporated interventions previously shown to improve
antibiotic prescribing practices into the AMS scoring scheme'®
and aligned the IPC scoring scheme with multimodal strategies
included in the WHO Infection Prevention and Control
Assessment Framework (IPCAF).” In previous studies, high
IPCAF scores have been associated with lower rates of
hospital-associated infections. We also explored temporal rela-
tionships between site scores and common surrogate outcome
measures such as total antibiotic consumption and CDIs.

All sites had existing AMS and IPC structures, though strat-
egies and monitoring practices varied widely. The final tool, com-
prising 62 QIs grouped into thematic domains, was user-friendly
and required minimal interpretation indicating clarity and object-
ivity. It also appeared sensitive to changes in program activities
over time (e.g. during the COVID-19 pandemic). Sites in the high-
est quartile for AMS capacity generally demonstrated stable and
declining antibiotic use, while lower-scoring sites showed numer-
ically higher use over time—suggesting that strengthening of
‘weaker’ programs may require reaching a certain threshold be-
fore influencing prescribing behaviour.
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Figure 1. Temporal patterns in AMS and IPC program scores across study sites.

Our findings align with previous studies showing that specific
stewardship practices and strong contextual factors are asso-
ciated with improved prescribing practices. An observational
study conducted in Canadian hospitals found that only part of
the 7-fold variation in antibiotic use was due to patient factors,
with the remainder attributable to differences in resources and
AMS practices, notably, audit-feedback and intravenous to oral
conversion policies.!” A recent mixed-methods study conducted

in USA linked lower antibiotic use to four contextual factors: ac-
cess to stewardship guidance, strong pharmacist-physician col-
laboration, supportive infrastructure and highly engaged ID
physicians who advocated for stewardship principles.'® Another
study adapting a Quality Improvement (QI) framework (Three
Antimicrobial Stewardship E’s, TASE) showed that sustained re-
ductions in vancomycin and piperacillin-tazobactam use re-
quired continuous, repeated AMS efforts, rather than single
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Antibiotic use at participating sites

DDD per 100 PD

2019 2020 2021

2022

- Site 1
—e—Site 2
—e—Site 3
—8—Site 4
—8—Site 5
—8—Site 6
—@—Site 7

—@— Site 8

2023 2024

Figure 2. Total antimicrobial use at each participating site over time (expressed in DDD per 100 patient-days).

interventions, with periods of high intensity activities (e.g. case-
specific feedback, education, antibiotic algorithm updates, AMS
policy changes) driving improvements.*®

To our knowledge, few other studies have developed numerical
scoring tools linking program performance with outcomes, or
combine AMS and IPC assessments into a single tool providing a
holistic site assessment. The CDC’s Global Antibiotic Stewardship
Evaluation Tool (G-ASET) is comprehensive but resource-intensive
and focuses on foundational AMS elements (e.g. strong leader-
ship), giving less weight to specific interventions.® Its presence/ab-
sence scoring system may overestimate programs with many
checklist items while undervaluing those with fewer but higher-
impact activities.

A recent study in England surveyed stewardship leads using a
30-item AMS score (0-3 per component) and explored potential
associations with antibiotic use.”’ No significant associations
were found, though some trends emerged. For example, hospitals
with lower scores showed higher baseline use of Watch antibiotics,
the WHO AWaRe category that includes broader-spectrum
agents with higher resistance potential.?*?? It is important
to note that scores in that study reflected the complexity of
program components, whereas our tool assigns higher scores
to activities expected to have greater impact (e.g. audit-
feedback).16°18

A 2013 study conducted in USA asked stewardship leads
at academic hospitals to score program ‘intensity’ using 11 com-
ponents grouped into ‘resources’ (e.g. stewardship pharmacists’
involvement) and ‘strategies’ (e.g. pre-authorization, post-
prescription audit and feedback). Total AMS scores were not asso-
ciated with antibiotic use but higher ‘strategy’ scores correlated
with lower use of target antibiotics.”* In contrast, several studies
using quantitative IPC scoring systems (e.g. WHO IPCAF score or a
summary version focused on multimodal IPC strategies) have
shown that higher IPC scores are associated with lower
healthcare-associated infection rates.?4~2®

Our study has limitations.

First, the scoring system has not been formally validated and
was developed in high-income tertiary hospitals with established
IPC and AMS programs during a study period that included the
COVID-19 pandemic and did not include MRSA-specific precau-
tions, which may limit generalizability.

Second, CDIs were infrequent, making associations with IPC
and AMS scores difficult to interpret. Since incidence of CDI re-
flects the combined influence of antibiotic exposure, IPC prac-
tices, patient case mix and environmental factors, the utility of
CDI as a primary AMS effectiveness metric is limited in low-
incidence settings.

Third, while monitoring antibiotic consumption is a pragmatic
measure of AMS program impact, prescription appropriateness
would be a better marker of program quality or effectiveness.
Future studies would benefit from composite outcome frame-
works that would integrate AMU, prescription quality and se-
lected infection-related outcomes.

Finally, the expert panel was relatively small and familiar with
one another, as all members participated in the PILGRIM study,
which may have facilitated consensus more than in a group of ex-
perts who had no prior collaborations. We also did not formally
appraise the quality of evidence supporting each quality indica-
tor, although key indicators are unlikely to have been missed.
Nonetheless, we propose a structured, holistic IPC and AMS scor-
ing system that provides a useful measure of hospital capacity
and allows adjustment for site-level factors. In a recent study,
we showed that a five-factor patient score (including haemato-
logic malignancies, immunosuppressive medication, past hospi-
talization and planned surgery) accurately predicted the
likelihood of antibiotic treatment in newly hospitalized patients
and may support AMS-focused clinical studies.?’

Beyond identifying needs and tracking program perform-
ance over time, this IPC and AMS site assessment, potentially
combined with a composite outcome framework that inte-
grates antimicrobial use, process indicators, patient-specific
predictive score and infection-related outcomes, can strengthen
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Figure 3. Temporal association between annual antibiotic use and site assessment scores. (a) Sites scoring in the upper quartile for AMS (AMS scores

>31). (b) All other sites (AMS scores <30).

the methodological rigour of AMR-related clinical trials. If externally
validated, this tool could support stratified randomization (e.g. high
versus low scoring sites), tailored intervention and analysis of effect
modifiers.

In summiary, the PILGRIM site assessment for IPC and AMS is a
concise, user-friendly tool that can standardize evaluations for

acute-care hospitals and help assess readiness for AMR-related
clinical trials. Preliminary data suggest that higher scores correlate
with stronger programs and stable or declining antibiotic use, while
lower scores reflect weaker programs with increasing antibiotic use.
Future research is needed to evaluate reliability and to examine
how individual program components relate to prescribing quality.
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