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Abstract 

Background:  Diverse outcomes reported in clinical trials of antimicrobial stewardship (AMS) interventions in care 
homes have hindered evidence synthesis. Our main objective was to develop a core outcome set (COS) for use in tri-
als aimed at improving AMS in care homes.

Methods:  A refined inventory of outcomes for AMS interventions in care homes, compiled from a previous study, 
was rated in a three-round international Delphi survey with 82 participants, using a nine-point Likert scale (from 1, 
unimportant, to 9, critical). This was followed by an online consensus exercise with 12 participants from Northern Ire-
land to finalise the COS content. Subsequently, a suitable outcome measurement instrument (OMI) was selected for 
each outcome in the COS by: identifying existing OMIs through a literature search and experts’ suggestions, assessing 
the quality of OMIs, and selecting one OMI for each core outcome via a two-round international Delphi survey with 59 
participants.

Results:  Of 14 outcomes initially presented, consensus was reached for inclusion of five outcomes in the COS after 
the three-round Delphi survey and the online consensus exercise, comprising the total number of antimicrobial 
courses prescribed, appropriateness of antimicrobial prescribing, days of therapy per 1000 resident-days, rate of 
antimicrobial resistance, and mortality related to infection. Of 17 potential OMIs identified, three were selected for the 
two-round Delphi exercise after the quality assessment. Consensus was reached for selection of two OMIs for the COS.

Conclusion:  This COS is recommended to be used in clinical trials aimed at improving AMS in care homes.

Keywords:  Core outcome set, Antimicrobial stewardship, Care homes, Outcome measurement instrument

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creat​iveco​
mmons​.org/publi​cdoma​in/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
High rates of antimicrobial prescribing, including inap-
propriate prescribing, have been reported in care homes 
[1, 2]. This issue may increase the risk of adverse drug 
events and antimicrobial resistance (AMR) amongst care 
home residents [2, 3]. There has been a call to implement 
antimicrobial stewardship (AMS), a general programme 
to enhance appropriateness of prescribing and reduce 

AMR, in this setting [4]. Interventions to improve AMS 
in care homes have been reported; however, the overall 
effect was modest [5, 6]. Previous studies indicated that 
heterogeneity in reported outcomes across trials hin-
dered data synthesis, and several outcomes potentially 
useful for AMS interventions had not been used in these 
trials [6, 7].

The Core Outcome Measures in Effectiveness Tri-
als (COMET) initiative has facilitated development of 
core outcome sets (COSs) to improve the quality and 
quantity of measured outcomes in research [8]. A COS 
is defined as a set of important outcomes which are 
agreed by consensus and should be measured to evaluate 
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the effectiveness of interventions in trials of a specific 
health area [9]. The COMET initiative also encour-
ages the establishment of how to measure outcomes in 
a COS to enhance dissemination and implementation 
[8]. In line with this recommendation, the Consensus-
based Standards for the selection of health Measurement 
Instruments (COSMIN) initiative has published joint 
guidelines for selection of outcome measurement instru-
ments (OMIs), tools which measure outcomes in terms 
of quality or quantity, to be used in a COS [10].

To date, no COS has been developed for AMS stud-
ies in care homes. The aim of this study was to develop 
a COS and identify appropriate OMIs that could be used 
in clinical trials aimed at improving AMS in care homes.

Methods
The development of the COS followed the COMET and 
COSMIN guidelines [8, 10]. The study involved three 
phases: compiling an inventory of potential outcomes, 
producing a COS through a series of consensus proce-
dures, and selecting OMIs for the COS (Fig.  1). A pro-
ject steering group (PSG) comprised all members of the 
research team (HN, DB, MT, and CH).

Outcome inventory compilation
In Phase 1, an inventory of 14 outcomes was compiled 
from a previous systematic review of randomised con-
trolled trials and a qualitative study with key stakeholders 
[6, 7]. These outcomes were grouped into key categories 
as suggested by the COMET handbook [8], and were 
included in a subsequent series of consensus exercises 
(see Additional file 1: Table S1).

Consensus procedures to develop the COS
Phase 2 involved a three-round online Delphi survey and 
an online consensus exercise with relevant stakeholders 
to reach consensus on the COS comprising up to seven 
outcomes. Ethical approval was granted by the School of 
Pharmacy Research Ethics Committee at Queen’s Uni-
versity Belfast (Reference number: 014PMY2019).

Outcome Delphi consensus survey (10/2019–12/2019)
An electronic questionnaire for the Delphi exercise was 
developed using a web-based survey tool, comprising the 
inventory of outcomes along with plain English defini-
tions. Participants were asked to assign a score between 
1 and 9 according to how they judged the importance of 
each outcome (1–3, unimportant; 4–6 important but not 
critical; 7–9, critical). The participants were also asked 
to suggest any additional outcomes at the end of the 
first round. The questionnaires were piloted with other 
researchers at the School of Pharmacy, Queen’s Univer-
sity Belfast and modified according to feedback.

The Delphi panel comprised researchers, healthcare 
professionals who had experience of AMS or providing 
care in care homes, and members of advocacy groups 
for older people. Care home residents were not recruited 
due to concerns that some may lack capacity and ability 
to participate. Participants were also asked to suggest 
other potential stakeholders for the study.

The Delphi survey comprised three sequential rounds, 
with group and individual feedback on responses from 
previous rounds provided to participants in Round 2 and 
3. Consenting participants were emailed a link to access 
the online questionnaire. Reminder emails were also sent 
to facilitate completion. Only participants who had com-
pleted a round were invited for the next round. Round 2 
comprised all outcomes in Round 1 and additional out-
comes suggested by the Delphi panel. Round 3 comprised 
outcomes for which no consensus had been reached in 
Round 2.

Online consensus exercise (04/2020–05/2020)
A face-to-face meeting, using the Nominal Group Tech-
nique (NGT) [11], had been planned to finalise the COS 
if the number of outcomes included after the Delphi sur-
vey was more than seven. For logistical reasons, only key 
stakeholders from Northern Ireland (NI) were invited. 
However, the scheduled meeting was cancelled due to 

Fig. 1  Flow chart outlined the development of a core outcome set 
along with measurement instruments
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the COVID-19 pandemic. Therefore, an online consen-
sus exercise with two online questionnaires, based on 
the NGT approach, was undertaken. In the first ques-
tionnaire, each consenting participant, including the 
PSG members, was asked to select up to seven outcomes 
important to them, along with a brief explanation. A 
report on this questionnaire was provided to the partici-
pants in the second questionnaire, who were then asked 
to score each outcome between 1 and 9 according to how 
they judged the importance, similarly to the question-
naires in the previous Delphi exercise.

Selection of OMIs for the COS
After the COS was defined through consensus proce-
dures, Phase 3 was undertaken to select OMIs for the 
COS, following the COSMIN guidelines [10]. Ethi-
cal approval for this phase was granted by the Faculty 
Research Ethics Committee at Queen’s University Belfast 
(Reference number: MHLS 20_50).

Finding existing OMIs
A literature search was undertaken to identify studies 
reporting OMIs for each outcome in the COS (up to Feb-
ruary 29th, 2020), using Medline, Embase, the COSMIN 
database and four grey literature resources (see see Addi-
tional file 1: Table S2). Reference lists of identified studies 
and previous systematic reviews of AMS in care homes 
[5, 6, 12] were also screened for potential studies and 
OMIs. Non-English publications were excluded. Subse-
quently, an inventory of identified OMIs was reviewed 
with four experts, who had conducted research on anti-
microbial prescribing in care homes.

Quality assessment of OMIs
The methodological quality of studies developing OMIs, 
identified through the literature search, was assessed 
using the adapted COSMIN checklist [13–15]. Each 
OMI identified in the literature search was classified into 
‘objective’ (i.e. independent from individual judgment) 
or ‘subjective’ (i.e. potentially having different results 
based on different assessors’ judgments) through discus-
sion with all PSG members. Subsequently, all OMIs were 
assessed for content validity and feasibility aspects, and 
‘subjective’ OMIs were also assessed for other measure-
ment properties (if applicable) [10]. Two researchers 
(HN and CH/MT) independently assessed the quality of 
OMIs, and any inconsistency was discussed with another 
researcher (MT, CH or DB). Criteria for good measure-
ment properties described by the COSMIN guidelines 
were applied for each OMI [10].

Following the quality assessment, the PSG reviewed 
and selected one OMI, which had the best overall qual-
ity of evidence and at least high quality of evidence for 

good content validity, for each outcome in the COS to be 
assessed in a subsequent consensus procedure. An out-
come for which all OMIs did not meet this minimum 
requirement was reported with the comment ‘OMI not 
available’.

OMI Delphi consensus survey (07/2020–08/2020)
A two-round online Delphi technique with interna-
tional stakeholders was undertaken to reach consensus 
on selection of OMIs. The PSG developed an electronic 
questionnaire which included a list of OMIs selected 
for the COS, along with their definitions and illustrative 
examples. This questionnaire, embedded in a web-based 
tool, was piloted with other researchers at the School of 
Pharmacy before distribution.

Participants who had taken part in the previous Delphi 
survey were invited. Snowball sampling was also applied 
to enhance further recruitment. In the first questionnaire, 
consenting participants were asked whether they agreed 
the OMIs presented should be used for the COS, and to 
provide a brief explanation. Only participants who had 
completed Round 1 were invited to participate in Round 
2. In this round, participants were informed of their pre-
vious response, a summary of the group responses, along 
with brief responses of the PSG to comments from the 
Delphi panel. Participants were asked to rate the OMIs 
again without explaining their rationale.

Data analysis
All statistical analysis was performed using R software 
version 4.0.2. Consensus criteria, based on previous stud-
ies [8], were set a priori. In Round 2 and 3 of the out-
come Delphi survey, any outcome with a rating of 7 to 
9 by 80% or more of participants and 1 to 3 by 15% or 
fewer was included in the COS; any outcome with a rat-
ing of 7 to 9 by 15% or more of participants and 1 to 3 
by 80% or fewer was excluded; any outcome with other 
scores were considered as ‘no consensus’ which were 
retained after Round 2 or excluded after Round 3. During 
the online consensus exercise, consensus was reached for 
inclusion of an outcome in the COS when 80% or more 
of participants scored between 7 and 9; if the total num-
ber of included outcomes was less than three, outcomes 
with a rating 7 to 9 by 70% or more were also included 
as ‘optional outcomes’. Regarding the second Delphi sur-
vey for selection of OMIs for the COS, consensus was 
reached for inclusion of an OMI when 70% or more of 
participants agreed, and 15% or fewer disagreed; OMIs 
with other scores were excluded.
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Results
Outcome inventory compilation
The inventory of 14 outcomes were classified into four 
categories: delivery of care (eight outcomes), infection 
outcome (three outcomes), hospitalisation (one out-
come), and mortality/survival (two outcomes) (see Addi-
tional file 1: Table S1).

Consensus procedures to develop the COS
Outcome Delphi consensus survey (three rounds)
Of 239 potential participants invited, 86 (36%) provided 
informed consent and were enrolled in the Delphi exer-
cise. The first questionnaire was completed by 82 par-
ticipants from 17 countries (response rate: 95.3%) The 
demographics of the Delphi panel are detailed in Table 1. 
The summary of rating of Delphi panel members is pre-
sented in Table S3 (see Additional file 1).

After Round 1, comments from the Delphi panel were 
reviewed and three new outcomes (‘Proportion of broad- 
and narrow-spectrum antimicrobials’, ‘Use of laboratory 
tests’, and ‘Emergency department visits’) were added 
to the second-round questionnaire. In Round 2, 77 par-
ticipants completed the questionnaire (response rate: 
93.9%). Consensus was reached for inclusion of six out-
comes. Eleven outcomes for which consensus was not 
reached were then presented in Round 3. Seventy-five 
participants completed the third questionnaire (response 
rate: 97.4%), and consensus was reached for inclusion of 
four more outcomes (Fig. 2).

Online consensus exercise
As the number of outcomes included after the Delphi 
exercise was greater than seven, the online consensus 
exercise was undertaken with twelve people from NI 
(median age: 47.5 years; five females), including four PSG 
members. Apart from the PSG, other participants were 
two doctors, two pharmacists, one microbiologist, one 
researcher, one care home manager and one representa-
tive of older people.

All twelve participants completed the first online ques-
tionnaire, and eleven completed the second question-
naire (response rate: 91.7%). The summary of ratings in 
the online consensus exercise is presented in Table  S4 
(see Additional file 1). Consensus was reached for inclu-
sion of two main outcomes (‘The total number of anti-
microbial courses prescribed’ and ‘Appropriateness of 
antimicrobial prescribing’) and three optional outcomes 
(‘Days of therapy per 1000 resident-days’, ‘Mortality 
related to infection’ and ‘Rate of antimicrobial resist-
ance’) in the COS (Fig. 2).

Selection of OMIs for the COS
Finding existing OMIs
A total of 2020 records were retrieved from the literature 
search. After duplicate removal and article screening, 89 
articles were initially included to compile an initial inven-
tory of OMIs which was then discussed with four experts 
(from Scotland, Ireland, the United States and Canada). 
No additional OMIs were recorded but two additional 
articles were suggested. These 91 articles were reviewed 
to select those which reported OMIs for the COS. Finally, 
55 articles, including ten studies developing OMIs, were 
selected (see Additional file 1: Table S5). Based on these 
55 articles, a list of 17 OMIs was compiled (Table 2). The 
detailed process of selecting articles is presented in Fig. 3.

Quality assessment of OMIs
The methodological quality of ten studies developing 
OMIs is presented in Table S6 (see Additional file 1). The 
summary of quality assessment of 17 OMIs compiled 
from 55 identified articles is presented in Table  2 and 
Tables S7-9 (see Additional file 1).

Based on the findings of the quality assessment, the 
OMIs ‘Number of antimicrobial courses started per 
1000 resident-days’, ‘Rate of antimicrobial days of ther-
apy per 1000 resident-days’, and ‘Van Buul algorithms’ 
were selected for a subsequent consensus procedure. No 

Table 1  Demographic profile of  participants in  the  outcome 
Delphi survey

a  Percentages do not add to 100% because some participants selected more 
than one professional area
b  Includes: microbiologist, health economist

Characteristic Round 1 Round 2 Round 3

Participant, n 82 77 75

Gender, n (%)
Female 52 (63.4) 49 (63.6) 48 (64.0)

Male 30 (36.6) 28 (36.4) 27 (36.0)

Continent of residence, n (%)
Europe 48 (58.5) 44 (57.1) 42 (57.3)

America 21 (25.6) 21 (27.3) 21 (28.0)

Asia 10 (12.2) 9 (11.7) 7 (10.7)

Australia 3 (3.7) 3 (3.9) 3 (4.0)

Professional area, n (%)a

Pharmacist 35 (42.7) 34 (42.9) 33 (44.0)

Doctor 28 (34.1) 27 (33.8) 26 (34.7)

Researcher 26 (31.7) 25 (32.5) 25 (33.3)

Nurse 6 (7.3) 6 (7.8) 6 (8.0)

Care home staff 1 (1.2) 1 (1.3) 1 (1.3)

Representative of advo-
cacy groups

4 (4.9) 2 (2.6) 2 (2.7)

Otherb 2 (2.4) 2 (2.6) 2 (2.7)

Age, median (range) 45 (23—74) 46 (29—74) 46 (29—74)
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OMIs were selected for the outcomes ‘Rate of antimi-
crobial resistance’ and ‘Mortality related to infection’ as 
their OMIs did not meet the minimum requirement for 
selection.

OMI Delphi consensus survey (two rounds)
The three selected OMIs along with their defini-
tions and illustrative examples were presented in the 

second Delphi consensus exercise. Of 121 stakeholders 
approached, 68 (56.2%) accepted the invitation, and 59 
(from 16 countries) provided informed consent and 
completed the first questionnaire. The demographic 
details of the OMI Delphi panel are summarised in 
Table 3. The summary of agreement levels for the three 
OMIs is presented in Table S10 (see Additional file 1).

In Round 1, the questionnaire was completed by 
59/68 participants (response rate: 86.8%). In Round 2, 

Fig. 2  Consensus procedures and the final core outcome set
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54 participants completed the questionnaire (response 
rate: 91.5%). Consensus was reached to select two OMIs 
‘Number of antimicrobial courses started per 1000 res-
ident-days’ and ‘Rate of antimicrobial days of therapy 
per 1000 resident-days’. Consensus was not reached to 
select the OMI ‘Van Buul algorithms’. The final COS, 
along with selected OMIs, is presented in Table 4.

Discussion
This study followed the COMET and COSMIN guide-
lines to develop a COS along with OMIs for use in clinical 
trials aimed at improving AMS in care homes. Consensus 
was reached for inclusion of five outcomes and two OMIs 
in the COS. The adoption of this COS in future studies 
may enhance interpretation and evidence synthesis of 
AMS interventions in care homes.

Although no OMIs were selected for three outcomes 
in the COS, available literature has suggested potential 
approaches for measurement. Future trials may gauge 
appropriateness of antimicrobial prescribing by using 
practice guidelines as a surrogate outcome. Adherence 
to antimicrobial guidelines has been measured in a num-
ber of AMS interventions in care homes [5, 6]. Moreo-
ver, a recent study found six proxy indicators, which had 
been developed for antimicrobial prescribing in primary 
care, potentially useful for estimating appropriateness of 
antimicrobial prescribing in care homes [35]. Addition-
ally, current criteria for appropriateness of antimicrobial 
prescribing, such as Loeb minimum criteria or Van Buul 
algorithms, could also be updated and assessed in future 
research. Regarding measuring AMR, reliable guidelines 
for antimicrobial susceptibility testing could be followed 

Table 2  Quality assessment of outcome measurement instruments

+, positive rating; ?, indeterminate rating; −, negative rating

RTIs, respiratory tract infections; SSTIs, skin and soft tissue infections; UTIs, urinary tract infections

Outcome Outcome measurement instrument Objective/Subjective Overall 
quality 
of evidence

The total number of antimicrobial courses prescribed (1) Number of antimicrobial courses started per 1000 
resident-days [16–18]

Objective  + 

(2) Number of antibiotic transactions per 1000 resident-
days [19]

Objective ?

(3) Point prevalence of antimicrobial use [20] Objective ?

(4) Total number of antimicrobial courses [21] Objective ?

(5) Mean number of residents treated with antimicrobial 
per month [22]

Objective ?

Appropriateness of antimicrobial prescribing (6) Loeb minimum criteria for initiating antibiotic therapy 
in SSTIs, RTIs, UTIs, fever where the focus of infection is 
unknown [23]

Subjective ?

(7) Revisited McGeer criteria for diagnosing infection: 
SSTIs, RTIs, UTIs, gastrointestinal tract infections, systemic 
infections [24, 25]

Subjective -

(8) Crnich algorithm for the initiation of antibiotics for UTIs 
[26]

Subjective -

(9) Van Buul algorithms to evaluate appropriateness of ini-
tiating or withholding antibiotics in SSTIs, RTIs, UTIs [27]

Subjective ?

(10) The Medication Appropriateness Index [28, 29] Subjective -

Days of therapy per 1000 resident-days (11) Rate of antimicrobial days of therapy per 1000 
resident-days [16–18]

Objective  + 

(12) Antibiotic utilization ratio [16–18] Objective ?

Rate of antimicrobial resistance (13) Number of cases with specific (non-) resistant organ-
isms [30]

Subjective -

(14) Number of specific (non-) resistant isolates/ organ-
isms [31, 32]

Subjective -

(15) Drug Resistance Index [33] Subjective -

Mortality related to infection (16) Rate of mortality related to infection per 1000 
resident-days [34]

Subjective -

(17) Proportion of mortality related to infection [30] Subjective -
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Fig. 3  Process of screening and selecting articles to extract relevant outcome measurement instruments
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[36]. Development of antibiograms for care home AMS 
has also been advocated due to the potential in monitor-
ing resistance and guiding appropriate antimicrobial pre-
scribing [37]. Additionally, several studies have attempted 
to measure mortality related to infection by referring to 
the International Classification of Diseases codes, or by 
establishing criteria for infection-related mortality with 
the involvement of infectious disease specialists [38, 39]. 
Nevertheless, any OMIs developed should be assessed for 
measurement properties before being used in trials.

As the COS represents the minimum that should be 
used in research [8], trialists may consider exploring 
other outcomes, such as those included after the outcome 
Delphi survey but excluded after the online consensus 
exercise. The aim of the online consensus exercise was to 
agree on three to seven outcomes in the COS, to mini-
mise the use of multiple outcomes in a trial [40]. How-
ever, as the size of the outcome Delphi panel was larger 
than that of the online consensus panel, it is reasonable 
to consider the use of any of the excluded outcomes, 
depending on the focus of a trial. For example, ‘Antimi-
crobial courses adherent to guidelines’ may be considered 
when the outcome ‘Appropriateness of antimicrobial pre-
scribing’ in the COS cannot be used.

Although the aim of this study was to develop a COS 
for use in clinical trials aimed at improving AMS in care 
homes, this COS may be used to monitor AMS pro-
grammes implemented in care homes as part of every-
day practice. Current guidelines for implementation of 
care home AMS support monitoring antimicrobial use 
by measuring two outcomes, the number of antimicrobial 
courses and days of therapy, which are also included in 
the COS [4, 41]. In addition, data describing appropri-
ateness of antimicrobial prescribing and AMR in care 
homes, which are also listed in the COS, have been rec-
ommended to be collected to evaluate the effectiveness 
of AMS programmes [37, 41]. Outcomes monitoring the 
safety of AMS programmes have not yet been included 
in these guidelines; therefore, the outcome ‘Mortal-
ity related to infection’ may be used for such purposes. 
Furthermore, our previous qualitative study of AMS 
in care homes reported another potential approach to 
reduce antimicrobial prescribing in care homes: aspects 
of patient care for prevention and treatment of infection 
(e.g. hydration to prevent or alleviate urinary tract infec-
tion, mouth care to avoid respiratory tract infection) [7]. 
Such practice was described in a feasibility study of AMS 
in care homes: the decision-making algorithm guided 
staff to focus more on non-pharmacological patient care 
for infection treatment and prevention (e.g. encouraging 
fluid intake) before consulting general practitioners for 
treatment [42]. Vaccination and good infection preven-
tion and control practices can reduce the prevalence of 
infection in care homes, which may subsequently reduce 
the need for antimicrobial consumption [43]. Indeed, 
these practices in care homes have been enhanced due to 
the ongoing COVID-19 pandemic [44].

This study had several strengths. The process of devel-
opment of this COS followed a well-established method-
ology developed by the COMET and COSMIN initiatives. 
The study findings are robust as the two Delphi exercises 
involved 82 and 59 participants, respectively, from four 
continents with various professional backgrounds. More-
over, the response rates of all Delphi rounds were high 
(larger than 85%). By selecting the more stringent crite-
ria for inclusion than those in previous studies [8], out-
comes included in the COS represented higher levels of 
consensus across the Delphi panel. Additionally, the COS 
comprised five outcomes along with two recommended 
OMIs, which may be practical for measurement in a trial. 
However, the five excluded outcomes after the online 
consensus exercise may still have a place in some trials.

The study also had a number of limitations. The recruit-
ment rates in the two Delphi consensus exercises were 
low (36% and 56.2%, respectively). Participation of care 

Table 3  Demographic profile of  participants in  the  OMI Delphi 
panel

a  Percentages do not add to 100% because some participants selected more 
than one professional area
b  Includes: one microbiologist, two higher education lecturers

Characteristic Round 1 Round 2

Participant, n 59 54

Gender, n (%)
Female 41 (69.5) 38 (70.4)

Male 18 (30.5) 16 (29.6)

Continent of residence, n (%)
Europe 32 (54.2) 30 (55.6)

America 16 (27.1) 15 (27.8)

Asia 6 (10.2) 6 (11.1)

Australia 5 (8.5) 3 (5.5)

Professional area, n (%)a

Pharmacist 27 (45.8) 26 (48.1)

Doctor 19 (32.2) 17 (31.5)

Researcher 19 (32.2) 16 (30.8)

Nurse 4 (6.8) 3 (5.5)

Care home manager/staff 1 (1.7) 1 (1.9)

Representative of advocacy groups 1 (1.7) 1 (1.9)

Otherb 3 (5.1) 3 (5.8)

Age, median (range) 44 (24–75) 43.5 (24–75)
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home managers/staff and representatives of older peo-
ple in the two Delphi surveys had been actively sought, 
but few of them participated in the study. Although 
there was no discrepancy between these participants and 
other stakeholder groups in rating outcomes and OMIs 

included in the COS, their opinions were in the minor-
ity in these consensus exercises. In addition, it might be 
expected that the final outcomes included in the COS 
could have been different if a face-to-face meeting had 
taken place instead of the online consensus exercise. The 

Table 4  The COS use in trials aimed at improving AMS in care homes and recommended OMIs

OMI outcome measurement instrument

Outcome Outcome definition Recommended OMI

Delivery of care
The total number of antimicrobial courses 

prescribed
(Main outcome)

The total number of antimicrobial courses that 
are prescribed for care home residents over a 
period of time (e.g. over a month, or a year)

This outcome should be measured by the OMI 
‘Incidence of antimicrobial use’. This OMI is 
defined as the number of antibiotic courses 
started per 1000 resident-days. This can be 
calculated by the following formula:

(Number of antimicrobial courses started / 
number of resident-days) × 1000

 + An antimicrobial course started is defined as 
all antimicrobials given continuously for one 
particular indication. This is deemed to be 
one course (including antimicrobial switch or 
extension of treatment duration). Antimi-
crobials prescribed for a second indication 
during the same period or prescribed after 
an antimicrobial-free duration of seven days 
for the same indication is deemed to be a 
separate course. In the case that treatment 
documentation cannot be identified, prescrip-
tion date and treatment duration can be 
used to deduce an antimicrobial course. An 
antimicrobial-free duration of seven days can 
be applied to identify a new course

 + A resident day is defined as each date of 
service in which a care home resident was 
present in the facility and received services

Days of therapy per 1000 resident-days
(Optional outcome)

The duration (in days) of antimicrobial courses 
that are prescribed for care home residents, 
standardised to 1000 resident-days

This outcome should be measured by the OMI 
‘Rate of antimicrobial days of therapy per 1000 
resident-days’. This OMI can be calculated by 
the following formula:

(Number of antimicrobial days of therapy / 
Number of resident-days) × 1000

 + An antimicrobial day of therapy is defined as 
each day a care home resident is administered 
a systemic antimicrobial agent

 + A resident day is defined as each date of 
service in which a care home resident was 
present in the facility and received services

 + It is noted that this OMI should be applied 
separately for antimicrobials for TREATMENT of 
infection and PREVENTION of infection (infec-
tion prophylaxis)

Appropriateness of antimicrobial prescribing
(Main outcome)

Antimicrobial courses that are prescribed in 
accordance with the best available evidence 
and are suitable for a patient, taking their medi-
cal history and medical conditions (including 
infection) into consideration

OMI not available

Mortality/survival
Mortality related to infection
(Optional outcome)

The number of deaths of care home residents 
related to infection

OMI not available

Infection

Rate of antimicrobial resistance
(Optional outcome)

The number of cases in which antimicrobial-
resistant bacteria are identified

OMI not available
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size of the online consensus exercise panel was small, and 
all participants were from NI; therefore, the findings may 
be limited to this context. Regarding selection of OMIs 
for the COS, a limited number of OMIs were identified 
and no OMIs for the two outcomes ‘Rate of antimicro-
bial resistance’ and ‘Mortality related to infection’ were 
selected for the consensus procedure. The literature 
searches also excluded non-English articles; however, 
other approaches were exploited to search for potential 
OMIs, including screening of reference lists of included 
articles and discussion with experts.

Conclusion
A COS for use in trials aimed at improving AMS in care 
homes was developed. We recommend the use of this 
COS along with two selected OMIs in future trials to 
ensure consistency of measurement. We hope that future 
trials to improve AMS in care homes will use this COS 
to measure the effectiveness and safety of interventions. 
Thereafter, trial findings can be synthesised to produce 
better evidence in systematic reviews or meta-analyses.
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