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ABSTRACT

Objectives Utilisation of point-of-care C-reactive
protein testing for lower respiratory tract infection

has been limited in UK primary care, with costs and
funding suggested as important barriers. We aimed to
use existing National Health Service funding and policy
mechanisms to alleviate these barriers and engage with
clinicians and healthcare commissioners to encourage
implementation.

Design A mixed-methods study design was adopted,
including a qualitative survey to identify clinicians’ and
commissioners’ perceived benefits, barriers and enablers
post-implementation, and quantitative analysis of results
from a real-world implementation study.

Interventions We developed a funding specification to
underpin local reimbursement of general practices for test
delivery based on an item of service payment. We also
created training and administrative materials to facilitate
implementation by reducing organisational burden. The
implementation study provided intervention sites with

a testing device and supplies, training and practical
assistance.

Results Despite engagement with several groups,
implementation and uptake of our funding specification
were limited. Survey respondents confirmed costs and
funding as important barriers in addition to physical and
operational constraints and cited training and the value of
a local champion as enablers.

Conclusions Although survey respondents highlighted
the clinical benefits, funding remains a barrier to
implementation in UK primary care and appears not to be
alleviated by the existing financial incentives available to
commissioners. The potential to meet incentive targets
using lower cost methods, a lack of policy consistency

or competing financial pressures and commissioning
programmes may be important determinants of local
priorities. An implementation champion could help to
catalyse support and overcome operational barriers at
the local level, but widespread implementation is likely to
require national policy change. Successful implementation
may reproduce antibiotic prescribing reductions observed
in research studies.
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Strengths and limitations of this study

» Use of a mixed-methods study design to assess the
benefits, barriers and enablers of implementation
from multiple perspectives.

» The study did not involve research funding for par-
ticipating sites to enable evaluation of the impact
of real-world financial structures associated with
National Health Service (NHS) commissioning.

» Development of a pack of resources that could con-
tribute to future implementation projects.

» The study was undertaken against a background of
general financial constraint within the NHS, which
may have adversely impacted on outcomes.

BACKGROUND
Acute uncomplicated lower respiratory
tract infection (LRTI) is the one of the
most common acute illnesses managed in
primary care, and even in low antibiotic
prescribing countries most patients receive
antibiotics.' > There is a clear national and
international agenda to reduce unnecessary
antibiotic prescribing.” The recently updated
Cochrane review' of antibiotics for acute
bronchitis demonstrated modest benefits,
with a reduction of cough duration of around
half a day. These findings were not replicated
in a recently published large trial of antibi-
otics against placebo.” Limited benefit was
demonstrated from antibiotics likely to be
balanced by harms, and no subgroup was
identified in whom there was a clinically rele-
vant benefit.”°

In the absence of clear benefit then what are
the drivers of continued prescribing? Patients
are concerned about their symptoms,” and
clinicians are worried about missing severe
infection and to avoid medicolegal conse-
quences.”” However, continued prescribing
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of antibiotics carries direct prescribing costs, increased
reconsultations'’ and the major threat of antibiotic resis-
tance.'" Moreover, a large cohort study has shown that
adverse events following primary care consultation with
patients with LRTT are rare and may not be directly influ-
enced by prescribing strategy.'

There is evidence that antibiotic prescribing in LRTI
may be limited by appropriate use of near-patient tests
(NPTs)."* " Two candidates are available: C-reactive
protein (CRP) and procalcitonin (PCT) 1518 Anindividual
patient data review and meta-analysis supported the use
of PCT to guide antibiotic use in acute settings including
primary care, emergency units and intensive care, and
demonstrated equivalent clinical outcomes with reduced
antibiotic uptake.'” Similarly, a recent Cochrane review
examining the role of CRP in acute respiratory illness in
primary care® included six trials with 3,284 participants
and demonstrated a reduction in antibiotic use, although
the results were interpreted with caution due to a high
degree of heterogeneity. The recently published National
Institute for Clinical Excellence (NICE) pneumonia
guidelines” have also endorsed the use of CRP to aid
decision making in primary care, selecting this ahead of
PCT given the current non-availability of an NPT for PCT.

Several trials have explored the use of CRP in the
primary care setting for management of LRTI, either alone
or in combination with a communications skills training
package, and have demonstrated a substantial reduction
in antibiotic prescribing.'*” Although CRP is widely used
in Scandinavian countries, uptake has been limited in the
UK, despite evidence of effectiveness in trial contexts to
direct rational prescribing for LRTI. There is some ques-
tion, however, of the effectiveness of CRP once adopted
in clinical practice; results of tests performed on those
with upper respiratory tract infection were found to have
been misinterpreted, and modest effects on prescribing
described.” Some have questioned whether reduced anti-
biotic prescribing will be seen following implementation
in low prescribing settings,” while others have reported
CRP being the main determinant of antibiotic prescrip-
tion in observational cohorts.**

The reasons for the delayed uptake of NPT in the UK
are not clear. Tests to reduce diagnostic uncertainty were
supported by primary care physicians in a multicountry
study including the UK.** Although studies suggest that
CRP is a cost-effective means of addressing LRTI in
primary care, there is evidence that concerns around
costs and funding remain a barrier to widespread imple-
mentation.?® As the UK National Health Service (NHS)
model of primary care does not include item of service
payments, implementation of point-of-care (PoC) testing
outside of a research setting would generate additional
work and costs for initial purchase, maintenance and
consumables, whereas antibiotic prescriptions have no
direct cost at practice level (see supplementary appendix
A for further detail of primary care testing in the NHS
system). One plausible way to increase utilisation of CRP
PoC would be the introduction of an item of service

payment for use of the test in management of LRTIL
The NHS England General Medical Services contract, in
addition to defining the scope of standard primary care
services to be delivered by general practices, also includes
provision for opt-in to the delivery of additional, ‘locally
enhanced’ services (LES).27 This study was based on the
hypothesis that the LES scheme may provide a mecha-
nism to introduce a financial incentive to uptake of CRP
PoC for the management of LRTI in an NHS primary
care setting.

We aimed to evaluate the efficacy of an item of service
payment framework introduced at the local level by way
of the LES scheme as a means of encouraging implemen-
tation among clinicians and healthcare commissioners.
We also aimed to work with other groups and localities
to explore alternative approaches to implementation and
to identify the perceived benefits, barriers and enablers
using a post-implementation survey.

METHODS

Leveraging funding and policy incentives

Our work has concentrated on making use of the oppor-
tunities afforded by existing NHS funding and policy
mechanisms to encourage implementation of CRP PoC
in primary care. We did not provide any research funding
to participating organisations to ensure that successful
implementation was not artificial, and could potentially
be reproduced by others in the context of the real-world
financial structures and constraints associated with
healthcare commissioning in the NHS. All work in this
area was undertaken during 2015 and 2016.

We developed a standard LES specification to
underpin local implementation, establishing a funding
framework of reimbursement of general practices by
Clinical Commissioning Groups (CCGs) for CRP PoC
on a unit basis. In view of the importance given to
budgetary concerns by commissioners considering CRP
implementation,26 CCGs may be motivated by its poten-
tial to open access to national funding associated with
achieving the NHS England ‘Quality Premium’ (QP)
target for reduced antibiotic prescribing in primary
care.”

Our research group, National Institute for Health
Research (NIHR) Collaboration for Leadership in
Applied Health Research and Care (CLAHRC) Wessex,
is funded by both the NIHR and partner organisations
(including CCGs) within the local health system. Partner
funding contributions may be monetary, or comprised
of research study involvement. Our locality covers nine
CCGs, each of whom had the opportunity to fulfil this
funding obligation by participating in a CRP implemen-
tation study, or similar research. As well as this benefit,
there was further opportunity for any participation costs
to be partially or fully offset if the QP was achieved as a
result.

Johnson M, et al. BMJ Open 2018;8:¢024558. doi:10.1136/bmjopen-2018-024558

"ybuAdoa Aq pa1osiold 1sanb Aq 8102 1290100 TE uo /w0 fwg uadolwg//:dny woly papeojumod '8T0Z 1900190 SZ U0 8G5H20-8T0Z-uadolwag/9eTT 0T Se paysiignd 1si1y :uado rINg


https://dx.doi.org/10.1136/bmjopen-2018-024558
https://dx.doi.org/10.1136/bmjopen-2018-024558
http://bmjopen.bmj.com/

Engaging with the NHS

Using materials from the GRACE Intro study,'” we devel-
oped resources including an online training course for
general practitioners on the use of CRP, a clinical audit
form and patient information leaflet.* All resources were
made available to interested organisations as a means of
facilitating implementation by reducing the associated
administrative burden.

We visited clinicians and healthcare commissioners in
our locality to generate interest and gave presentations
at locality events to promote the LES framework. We also
attended an NIHR CLARHC Wessex showcase event to
which local CCGs were invited. We followed up additional
enquiries from other groups outside of our locality who
were interested in CRP implementation by offering visits
and presentations and sharing the resources developed
for our local study. Resources were shared with ten groups
across the country.

Post-implementation survey

In August 2017, following our period of NHS engage-
ment, we issued an electronic survey to a convenience
sample of clinicians and commissioners who had
expressed an interest in, or were known to have contrib-
uted to, CRP implementation projects. Overall, 19 indi-
viduals were invited to participate, including healthcare
commissioners, pharmacists, primary and secondary care
clinicians and public health professionals.

We adopted a qualitative approach to explore in more
depth the factors motivating respondents’ initial interest,
their experience of the implementation process and
perceived barriers and enablers. Survey questions were
written in line with these underlying objectives as deduc-
tively generated main themes™ (box 1).

Following the method of thematic analysis described by
Nowell and colleagues,” three members of the research
team (M], NS and TM) individually reviewed all survey
responses to inductively identify more specific subthemes.
Reviewers took a systematic and iterative approach to
analysis, later using researcher triangulation to reach
consensus.

Box 1
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Post-implementation survey questions

We asked participants:

» What were your/your organisation’s reasons for implementing
C-reactive protein (CRP) testing?

» What was your experience of implementing and using CRP testing,

and what is happening now?

Which aspects of the implementation worked well?

What were the barriers to implementation and/or continued use?

How did you overcome these barriers?

What would have helped, or would help in the future to encourage

continued use?

What would facilitate the implementation process?

What would be your recommendations for those looking to imple-

ment CRP testing in the future?

vvyyvyYy

vy

Box 2 Herts Valleys CCG implementation study

Funded by an National Health Service (NHS) England Innovation
Challenge Prize, an implementation study was undertaken in Herts
Valleys CCG to evaluate C-reactive protein (CRP) utilisation over three
winter months (November 2016-January 2017) and in five general
practices, purposively sampled using standardised practice-level pre-
scribing data to target high and medium antibiotic prescribers. The
study aimed to evaluate whether, compared with standard care, the
availability of CRP PoC for LRTI in primary care was associated with
reduced acute and follow-up antibiotic prescribing and unscheduled
primary care reattendances and healthcare contacts in the 28 days fol-
lowing presentation.

Participating practices received an intervention consisting of one test-
ing device and supplies to perform 100 tests, training on the National
Institute for Clinical Excellence (NICE) guidelines and equipment use, a
review visit and practical assistance from the study team where appro-
priate; all other costs were borne by the practice. Each practice was free
to select an appropriate device location and means of operationalising
patient flow based on the physical layout of the practice, available re-
sources and staff skill mix.

In line with the NICE guidelines, patients aged 18-65 years presenting
to intervention practices with suspected lower respiratory tract infec-
tion (LRTI) of less than 3 weeks’ duration where there was diagnostic
uncertainty were eligible to receive a test. Eligibility was assessed by
the clinician during patient consultation. Patients with acute pneumo-
nia, pregnant, immunocompromised, terminally ill or under follow up
for chronic obstructive pulmonary disease were excluded.?' As the of-
fer was made on clinician discretion, and the patient entitled to refuse,
some eligible patients did not receive a test. However, all eligible pa-
tients presenting to intervention practices were included in the evalua-
tion, irrespective of whether they received a test.

The five intervention practices were compared with three Herts Valleys
CCG control practices of similar size and prescribing level, all of which
continued to provide standard care. Control practices did not receive
training. One member of the study team (LC) conducted a retrospec-
tive electronic search at control practices to identify new clinical con-
sultations (during the same study period) with patients who met the
CRP eligibility criteria. Presentations were identified using a set of Read
codes®® commonly used to record clinical activity related to LRTI in NHS
primary care, and relevant information collected for analytical purposes.
Results from the implementation study are given in supplementary ap-
pendix B.

Implementation case study

In parallel with our work to evaluate the use of an item
of service payment framework as a means of encouraging
CRP implementation, a separate study was undertaken in
Herts Valleys CCG to evaluate CRP utilisation over three
winter months (November 2016—January 2017). This case
study did not use the LES framework, being separately
funded by an NHS England Innovation Challenge Prize
and driven by a local champion. However, in view of the
successful implementation in this locality, we present
further detail in box 2 and results in supplementary
appendix B to demonstrate the potential effects of imple-
mentation of CRP PoC on antibiotic prescribing.

Patient and public involvement
There was no patient and public involvement (PPI)
in development of the research question, although
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implementation of CRP PoC flowed from the NICE pneu-
monia guidelines,” the development of which involved
substantial PPTinput. There was no PPI in development of
the LES specification. This would not be normal practice
in respect of a contractual arrangement for the funding
of general practices.

RESULTS

Adoption of the LES framework and implementation of CRP
While there was initial interest in CRP PoC facilitated by
use of the LES framework, ultimately no CCGs within
the NIHR CLAHRC Wessex locality participated in
implementation projects. CRP was under consideration
by one local CCG as part of a range of measures that
might contribute to achieving a ‘Quality, Innovation,
Productivity and Prevention’ programme target around
improving detection of pneumonia in primary care, with
the aim of enabling earlier intervention and reducing
hospital admissions. The CCG had planned to implement
CRP across all of its general practices, but concluded that
the associated upfront capital cost was too substantial and
did not proceed.

Another CCG outside of our locality was interested in
more widespread CRP implementation based on anti-
biotic prescribing reductions observed during a pilot
undertaken in a single general practice. Although 10
testing devices were procured and were initially regu-
larly used, declining utilisation in the face of operational
barriers prompted the CCG to cease procurement of PoC
consumables. Financial incentivisation by way of the LES
framework was considered as a means of encouraging
utilisation but ultimately failed to re-engage interest.

We are not aware of any other CCGs having adopted
the LES framework or having engaged in implementation
projects.

Post-implementation survey

Of the 19 individuals invited to participate, 7 (37%)
submitted full responses. Several subthemes emerged
from inductive analysis, with a high level of consistency
among respondents (box 3).

All respondents reported being organisationally moti-
vated by the potential for CRP PoC to help reduce antibi-
otic prescribing, while some further specified a desire to
reduce variation in prescribing rates among practices in
their locality. However, respondents also described mixed
clinician utilisation: while some regularly incorporated
PoC into consultations for suspected LRTI, others did
not use it at all. Furthermore, one respondent noted that
while utilisation had initially been high, it had declined
over time.

Benefits

Most respondents agreed that CRP is a valuable clinical
aid to appropriate antibiotic prescribing for patients
with symptoms of LRTI. Furthermore, some highlighted
its value as an objective measure to improve patient

Box 3 Benefits, barriers and enablers of implementation

Benefits:

» A clinical aid to appropriate antibiotic prescribing.

» An objective measure to improve patient confidence in the prescrib-
ing action.

Barriers:
» Limited time available during consultation.

» Layout of facility and placement of testing device.
» Cost of implementation and continued use.

» Source of funding.

» Resistance to change.

» Maintaining engagement.

Enablers:

» Early adopters to share experience and provide mentorship.
» Training and education.

» Champions within practice/locality.

» Collaboration at local and national level.

» Better utilisation of IT to facilitate testing process.

confidence in the chosen prescribing action, particularly
in consultation with those who are ‘very keen’ to receive
antibiotics. Two respondents noted that, in their experi-
ence, patients had responded positively to the test and
were satisfied with the outcome.

Barriers

In general, respondents reported that interest among
clinicians was sometimes poor and suggested a need for
financial incentives and support to encourage widespread
uptake. Most mentioned cost pressures, while some ques-
tioned who should be responsible for funding: general
practices or the CCG. Despite the evidence base for the
clinical benefits, one respondent suggested that there
remains a need to ‘clearly demonstrate short term bene-
fits in costs, workload and safety’ to develop and maintain
engagement.

Most respondents commented on the impact of opera-
tional constraints, such as the physical layout of the prac-
tice, how to accommodate multiple users and the time
required to carry out the test, particularly in the context
of high workload and limited consultation duration.
Although some respondents argued that other benefits
justified its use despite these barriers, others specifically
cited them as disincentives, especially for clinicians who
may have a negative attitude to CRP or be resistant to
change.

Enablers

Most respondents discussed the importance of collabo-
ration, although interpretations of this differed. Some
suggested that early adopter sites share lessons learnt
to help others and avoid duplicated effort. The value
of training and education during the implementation
process were consistently emphasised, and develop-
ment of a standard programme was suggested. Others
mentioned the role of NIHR in fostering collaborative
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working and the potential for general practice or CCG
champions to improve engagement and resolve prob-
lems. Some respondents also suggested better use of IT to
facilitate testing. Specific examples included the deploy-
ment of standard templates to record the test and result
in the practice management system and the use of elec-
tronic alerts during consultation to prompt clinicians to
PoC if indicated.

DISCUSSION

Summary of main findings

Despite initial interest, there was no implementation
in the NIHR CLAHRC Wessex locality, and no CCGs
formally adopted the LES framework. The research
team were unable to gain significant traction with CCG
management, and when contact was established CCGs
were unwilling to prioritise antibiotic stewardship over
other local initiatives. The policy levers seemed to have
little impact in this locality, where CCGs were struggling
to remain in budget. The financial rewards arising from
the QP only applied to CCGs meeting financial targets.
Elsewhere, one CCG implemented CRP and, following
declining utilisation in response to operational barriers,
found that the LES framework was insufficient as a mech-
anism to re-engage interest.

Although the small sample size limits inference and
generalisability, our postimplementation survey identi-
fied several financial, operational and physical barriers
in common with previous qualitative research.*® Respon-
dents confirmed that implementation would be unlikely
without financial incentives but also highlighted difficul-
tiesintegrating PoCinto practice workflow, and constraints
arising from a lack of dedicated space, equipment sharing
and limited time. Reported enablers included adequate
training and the value of a local champion.

Some respondents also emphasised the clinical benefits
of CRP, giving anecdotal examples of cases where testing
had prevented antibiotic prescription. The potential for
more widespread repetition of this outcome is suggested
by quantitative results from the Herts Valley CCG imple-
mentation study, where a successful, separately funded
implementation scheme was run for a 3 month period,
driven by a local champion. Observation of substantial
prescribing reductions among intervention practices
suggests that implementation in the NHS might replicate
the prescribing reductions reported in research studies.

Comparison with other literature

We are unaware of any other implementation studies
concerning CRP PoC in the UK. In other health settings,
PoC is widely adopted,* and following government direc-
tives has been introduced in the Netherlands.” The
financial barriers to implementation have been identified
in a previous study including European and UK partici-
pamts,23 which noted that countries with high rates of use
had alternative reimbursement models and that wide-
spread implementation in Europe followed health policy

change. The same study also highlighted issues around
workflow and time as potential barriers to implementa-
tion in the UK.

Strengths and weaknesses

Our study describes the results of attempts at CRP imple-
mentation without the resources associated with research
and without specific policy directives. It is unclear how
generalisable our findings might be; it would appear
that CCG partnership with NIHR CLAHRC Wessex and
national-level incentives via the QP should have maxi-
mised the potential for local implementation. The scheme
was devised during a time of general financial constraint
within the NHS, which may have had particular impact in
the Wessex locality.

Limitations around funding mechanisms

The criteria required to achieve the QP, even taking the
antibiotic prescribing element alone, has been inconsis-
tent. Some changes have been significant, such as a move
to greater emphasis on antibiotic prescribing for urinary
tract infection as of 2018,/2019.% Furthermore, as the QP
is awarded retrospectively and is contingent on meeting
other financial targets, the funding mechanism is not
guaranteed, making it difficult to engage commissioners
and to create a firm financial framework to underpin
CRP implementation.

A further feature of the QP is that no method of achieve-
ment is stipulated; the antibiotic prescribing element
simply requires an absolute prescribing reduction. The
NHS has reported a national ~7% reduction in primary
care coinciding with the implementation phase of this
study,” ™ which may have resulted from a general policy
shift and increased focus of clinical training in primary
care. This suggests that overall improvements could be
gained and the QP target potentially achieved by way of
alternative, lower cost methods alone, negating commis-
sioners’ financial incentive for CRP implementation irre-
spective of the clinical benefits.

The pressures of multiple, competing commissioning
programmes may limit engagement with certain initia-
tives, while the overall funding structure of the NHS may
also influence commissioners’ preferences and priori-
ties. One CCG within our locality suggested that, despite
evidence of a net cost saving associated with CRP,*
while the upfront implementation costs reside with
primary care, any savings would principally be realised
by the secondary care sector. In this instance, therefore,
concerns that the costs and benefits of the initiative may
be distinctly localised within separate areas of the health
system acted as a disincentive to its adoption.

Implications

While the use of existing financial structures appeared
appealing as a mechanism, it was not possible to fully test
the hypothesis that modest financial incentives to general
practices at local level would enable CRP implementa-
tion, as financial pressures impeded CCG adoption of
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the policy. National incentives for CCGs did not appear
to override the financial constraints because: (A) finan-
cial rewards were only available to CCGs meeting finan-
cial targets and (B) antibiotic targets were being achieved
through other mechanisms not requiring financial
investment.

Although a small case study suggests that implemen-
tation outside of research studies may result in similar
prescribing reductions, since it was driven by local invest-
ment and a local champion, it may not fully reflect imple-
mentation in routine practice or be generalisable to
other areas. Furthermore, and recalling questions over
the primacy of lower cost measures, the fact that this
intervention provided training and support in addition to
testing materials limits the extent to which the observed
prescribing reductions can be confidently attributed to
CRP PoC alone.

The value of an enthusiastic, local champion to catalyse
support for implementation emerged from both the
qualitative and quantitative strands of this study. Knowl-
edge mobilisation and implementation in practice may
be assisted by way of a Researcher-In-Residence model,””
while further qualitative and observational research
could improve understanding of how champions are
able to persuade and engage clinicians and to encourage
commissioners to look beyond the immediate financial
disincentives, and whether they may be effective in other
areas and settings. Further economic research might also
model different modes of implementation to assess the
costs and consequences across the system and to find
alternative funding models to overcome the financial
barriers. Multipurpose testing devices, for example, may
have the advantage of spreading investment across several
funding streams.

In conclusion, it seems unlikely that financial schemes
falling outside of national policy will gain much traction
in a financially constrained NHS. Full-scale implementa-
tion of CRP PoC is likely to require central implementa-
tion via government policy or contractual changes.

Acknowledgements The authors would like to thank Elsie Griffins and Dr Denise
Knight for their support for the Herts Valleys CCG implementation study.

Contributors MJ carried out quantitative analysis and wrote the paper with
contributions from MM. MJ and NS developed the postimplementation survey
and, with TM, carried out qualitative analysis. LC carried out the Herts Valleys
CCG implementation study. JS, NS and MM developed the LES framework and
other resources and engaged with the National Health Service. TM provided
methodological input, and MM provided clinical guidance. All authors commented
on drafts of the paper and have read and approved the final manuscript.

Funding This research was funded by the National Institute for Health Research
(NIHR) Collaboration for Leadership in Applied Health Research and Care Wessex
at University Hospital Southampton NHS Foundation Trust. The Herts Valleys CCG
implementation study was separately supported by a 2015/16 NHS England
Innovation Challenge Prize, Acorn award.

Disclaimer The views expressed are those of the author(s) and not necessarily
those of the NHS, the NIHR or the Department of Health and Social Care.

Competing interests MJ, NS, JS, TM and MM have no competing interests to
declare. LC has received honoraria from Abbott Laboratories and Roche Diagnostics
Ltd for speaking events.

Patient consent Not required.

Ethics approval The Integrated Research Application System confirmed that
formal ethical approval was not required for the Herts Valleys CCG implementation
study, which is a service evaluation project.

Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement No additional data available.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

REFERENCES

1. Butler CC, Hood K, Verheij T, et al. Variation in antibiotic prescribing
and its impact on recovery in patients with acute cough in primary
care: prospective study in 13 countries. BMJ 2009;338:b2242.

2. Akkerman AE, van der Wouden JC, Kuyvenhoven MM, et al.
Antibiotic prescribing for respiratory tract infections in Dutch primary
care in relation to patient age and clinical entities. J Antimicrob
Chemother 2004;54:1116-21.

3. Davies SC. Annual Report of the Chief Medical Officer. Infections and
the rise of antimicrobial resistance. London: Department of Health,
2013.

4. Smith SM, Fahey T, Smucny J, et al. Antibiotics for acute bronchitis.
Cochrane Database Syst Rev 2017;6:CD000245.

5. Little P, Stuart B, Moore M, et al. Amoxicillin for acute lower-
respiratory-tract infection in primary care when pneumonia is not
suspected: a 12-country, randomised, placebo-controlled trial.
Lancet Infect Dis 2013;13:123-9.

6. Moore M, Stuart B, Coenen S, et al. Amoxicillin for acute lower
respiratory tract infection in primary care: subgroup analysis of
potential high-risk groups. Br J Gen Pract 2014;64:e75-80.

7. Cornford CS. Why patients consult when they cough: a comparison
of consulting and non-consulting patients. Br J Gen Pract
1998;48:1751-4.

8. Little P, Watson L, Morgan S, et al. Antibiotic prescribing and
admissions with major suppurative complications of respiratory tract
infections: a data linkage study. Br J Gen Pract 2002;52:187-93.

9. Winchester CC, Macfarlane TV, Thomas M, et al. Antibiotic
prescribing and outcomes of lower respiratory tract infection in UK
primary care. Chest 2009;135:1163-72.

10. Moore M, Little P, Rumsby K, et al. Effect of antibiotic prescribing
strategies and an information leaflet on longer-term reconsultation
for acute lower respiratory tract infection. Br J Gen Pract
2009;59:728-34.

11. Goossens H, Ferech M, Vander Stichele R, et al. Outpatient antibiotic
use in Europe and association with resistance: a cross-national
database study. Lancet 2005;365:579-87.

12. Little P, Stuart B, Smith S, et al. Antibiotic prescription strategies
and adverse outcome for uncomplicated lower respiratory tract
infections: prospective cough complication cohort (3C) study. BMJ
2017;357:j2148.

13. Cals JW, Butler CC, Hopstaken RM, et al. Effect of point of care
testing for C reactive protein and training in communication skills on
antibiotic use in lower respiratory tract infections: cluster randomised
trial. BMJ 2009;338:b1374.

14. Cals JW, Schot MJ, de Jong SA, et al. Point-of-care C-reactive
protein testing and antibiotic prescribing for respiratory
tract infections: a randomized controlled trial. Ann Fam Med
2010;8:124-383.

15. Little P, Stuart B, Francis N, et al. Effects of internet-based training
on antibiotic prescribing rates for acute respiratory-tract infections:
a multinational, cluster, randomised, factorial, controlled trial. Lancet
2013;382:1175-82.

16. Briel M, Schuetz P, Mueller B, et al. Procalcitonin-guided antibiotic
use vs a standard approach for acute respiratory tract infections in
primary care. Arch Intern Med 2008;168:2000-7.

17. Holm A, Pedersen SS, Nexoe J, et al. Procalcitonin versus C-reactive
protein for predicting pneumonia in adults with lower respiratory tract
infection in primary care. Br J Gen Pract 2007;57:555-60.

18. Christ-Crain M, Opal SM. Clinical review: the role of biomarkers in
the diagnosis and management of community-acquired pneumonia.
Crit Care 2010;14.

19. Schuetz P, Briel M, Christ-Crain M, et al. Procalcitonin to guide
initiation and duration of antibiotic treatment in acute respiratory

Johnson M, et al. BMJ Open 2018;8:¢024558. doi:10.1136/bmjopen-2018-024558

"ybuAdoa Aq pa1osiold 1sanb Aq 8102 1290100 TE uo /w0 fwg uadolwg//:dny woly papeojumod '8T0Z 1900190 SZ U0 8G5H20-8T0Z-uadolwag/9eTT 0T Se paysiignd 1si1y :uado rINg


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1136/bmj.b2242
http://dx.doi.org/10.1093/jac/dkh480
http://dx.doi.org/10.1093/jac/dkh480
http://dx.doi.org/10.1002/14651858.CD000245.pub4
http://dx.doi.org/10.1016/S1473-3099(12)70300-6
http://dx.doi.org/10.3399/bjgp14X677121
http://www.ncbi.nlm.nih.gov/pubmed/10198482
http://www.ncbi.nlm.nih.gov/pubmed/12030660
http://dx.doi.org/10.1378/chest.07-2940
http://dx.doi.org/10.3399/bjgp09X472601
http://dx.doi.org/10.1016/S0140-6736(05)17907-0
http://dx.doi.org/10.1136/bmj.j2148
http://dx.doi.org/10.1136/bmj.b1374
http://dx.doi.org/10.1370/afm.1090
http://dx.doi.org/10.1016/S0140-6736(13)60994-0
http://dx.doi.org/10.1001/archinte.168.18.2000
http://www.ncbi.nlm.nih.gov/pubmed/17727748
http://dx.doi.org/10.1186/cc8155
http://bmjopen.bmj.com/

28.

20.

21.

22.

23.

24.

25.

26.

27.

infections: an individual patient data meta-analysis. Clin Infect Dis
2012;55:651-62.

Aabenhus R, Jensen JU, Jorgensen KJ, et al. Biomarkers as point-
of-care tests to guide prescription of antibiotics in patients with acute
respiratory infections in primary care. Cochrane Database Syst Rev
2014:CD010130.

National Institute for Health and Care Excellence, 2014. Pneumonia
in adults: diagnosis and management (CG191) https://www.nice.org.
uk/guidance/cg191 (accessed 13 Mar 2018).

André M, Schwan A, Odenholt I. Swedish Study Group on Antibiotic
Use. The use of CRP tests in patients with respiratory tract infections
in primary care in Sweden can be questioned. Scand J Infect Dis
2004;36:192-7.

Minnaard MC, van de Pol AC, Hopstaken RM, et al. C-reactive
protein point-of-care testing and associated antibiotic prescribing.
Fam Pract 2016;33:408-13.

Jakobsen KA, Melbye H, Kelly MJ, et al. Influence of CRP testing
and clinical findings on antibiotic prescribing in adults presenting
with acute cough in primary care. Scand J Prim Health Care
2010;28:229-36.

Tonkin-Crine S, Yardley L, Coenen S, et al. GPs' views in five
European countries of interventions to promote prudent antibiotic
use. Br J Gen Pract 2011;61:e252-61.

Huddy JR, Ni MZ, Barlow J, et al. Point-of-care C reactive protein for
the diagnosis of lower respiratory tract infection in NHS primary care:
a qualitative study of barriers and facilitators to adoption. BMJ Open
2016;6:¢009959.

NHS England, 2018. NHS england standard general medical services
contract https://www.england.nhs.uk/gp/gpfv/investment/gp-
contract/ (accessed 13 Mar 2018).

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

NHS England, 2018. Quality premium https://www.england.nhs.
uk/resources/resources-for-ccgs/ccg-out-tool/ccg-ois/qual-prem/
(accessed 16 May 2018).

NIHR CLAHRC Wessex, 2018. Reducing unnecessary antibiotic
prescribing in primary care https://www.clahrc-wessex.nihr.ac.uk/
theme/project/20 (accessed 24 May 2018).

Braun V, Clarke V. Using thematic analysis in psychology. Qualitative
Research in Psychology 2006;3:77-101.

Nowell LS, Norris JM, White DE, et al. Thematic analysis striving to
meet the trustworthiness criteria. International Journal of Qualitative
Methods 2017;16:1-13.

The Dutch College of General Practitioners (NHG), 2018. NHG-
Standaard Acuut hoesten (Acute cough guidelines) https://www.nhg.
org/standaarden/volledig/nhg-standaard-acuut-hoesten (accessed
31 May 2018).

NHS England., 2016. Success in NHS push to reduce avoidable
antibiotic prescribing https://www.england.nhs.uk/2016/03/
antibiotic-prescribing/ (accessed 17 May 2018).

NHS England. Antibiotic quality premium monitoring dashboard.
2018 https://www.england.nhs.uk/resources/resources-for-ccgs/ccg-
out-tool/ccg-ois/anti-dash/ (accessed 17 May 2018).

NHS Improvement, 2016. Helping GPs to cut antibiotic prescriptions
by 2.6m in just one year https://improvement.nhs.uk/news-alerts/
helping-gps-cut-antibiotic-prescriptions/ (accessed 17 May 2018).
Hunter R. Cost-effectiveness of point-of-care C-reactive protein tests
for respiratory tract infection in primary care in England. Adv Ther
2015;32:69-85.

Marshall M, Pagel C, French C, et al. Moving improvement research
closer to practice: the Researcher-in-Residence model. BMJ Qual
Saf 2014;23:801-5.

Benson T. The history of the read codes: the inaugural james read
memorial lecture 2011. Inform Prim Care 2011;19:173-82.

Johnson M, et al. BMJ Open 2018;8:6024558. doi:10.1136/bmjopen-2018-024558

"ybuAdoa Aq pa1osiold 1sanb Aq 8102 1290100 TE uo /w0 fwg uadolwg//:dny woly papeojumod '8T0Z 1900190 SZ U0 8G5H20-8T0Z-uadolwag/9eTT 0T Se paysiignd 1si1y :uado rINg


http://dx.doi.org/10.1093/cid/cis464
http://dx.doi.org/10.1002/14651858.CD010130.pub2
https://www.nice.org.uk/guidance/cg191
https://www.nice.org.uk/guidance/cg191
http://dx.doi.org/10.1080/00365540410019372
http://dx.doi.org/10.1093/fampra/cmw039
http://dx.doi.org/10.3109/02813432.2010.506995
http://dx.doi.org/10.3399/bjgp11X572445
http://dx.doi.org/10.1136/bmjopen-2015-009959
https://www.england.nhs.uk/gp/gpfv/investment/gp-contract/
https://www.england.nhs.uk/gp/gpfv/investment/gp-contract/
https://www.england.nhs.uk/resources/resources-for-ccgs/ccg-out-tool/ccg-ois/qual-prem/
https://www.england.nhs.uk/resources/resources-for-ccgs/ccg-out-tool/ccg-ois/qual-prem/
https://www.clahrc-wessex.nihr.ac.uk/theme/project/20
https://www.clahrc-wessex.nihr.ac.uk/theme/project/20
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1177/1609406917733847
http://dx.doi.org/10.1177/1609406917733847
https://www.nhg.org/standaarden/volledig/nhg-standaard-acuut-hoesten
https://www.nhg.org/standaarden/volledig/nhg-standaard-acuut-hoesten
https://www.england.nhs.uk/2016/03/antibiotic-prescribing/
https://www.england.nhs.uk/2016/03/antibiotic-prescribing/
https://www.england.nhs.uk/resources/resources-for-ccgs/ccg-out-tool/ccg-ois/anti-dash/
https://www.england.nhs.uk/resources/resources-for-ccgs/ccg-out-tool/ccg-ois/anti-dash/
https://improvement.nhs.uk/news-alerts/helping-gps-cut-antibiotic-prescriptions/
https://improvement.nhs.uk/news-alerts/helping-gps-cut-antibiotic-prescriptions/
http://dx.doi.org/10.1007/s12325-015-0180-x
http://dx.doi.org/10.1136/bmjqs-2013-002779
http://dx.doi.org/10.1136/bmjqs-2013-002779
http://www.ncbi.nlm.nih.gov/pubmed/22688227
http://bmjopen.bmj.com/

	Funding and policy incentives to encourage implementation of point-of-care C-reactive protein testing for lower respiratory tract infection in NHS primary care: a mixed-methods evaluation
	Abstract 
	Background﻿﻿
	Methods
	Leveraging funding and policy incentives
	Engaging with the NHS
	Post-implementation survey
	Implementation case study
	Patient and public involvement

	Results
	Adoption of the LES framework and implementation of CRP
	Post-implementation survey
	Benefits
	Barriers
	Enablers

	Discussion
	Summary of main findings
	Comparison with other literature
	Strengths and weaknesses
	Limitations around funding mechanisms
	Implications

	References


