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Abstract

Background: Acute respiratory infections (ARIs) are frequent reasons for medical consultations in general practice and can
lead to unnecessary recontacts. Introducing new point-of-care (POC) polymerase chain reaction (PCR) diagnostic equipment
may offer an attractive and efficient way of providing a more precise and exact microbial diagnosis. Successful uptake of POC
PCR equipment could potentially lead to areduction in recontacts with benefits for both staff and patients. However, introducing
new diagnostic technology is acomplex intervention and several contextual factors may impact the implementation.

Objective: Thisstudy aimsto evaluate the effect of POC PCR test availability in general practice on the subsequent (1) number
of recontactsto the general practitioner (GP) for patients with symptoms of ARIs (primary outcome) and (2) hospital admissions,
deaths, antibiotic prescriptions, health-related quality of life, GP and patient satisfaction, costs, cost-effectiveness, and contextual
facilitators and barriers conditioning the implementation process (secondary outcomes).

Methods: This study is a cluster-randomized, crossover, nonblinded superiority trial with a 1:1 alocation ratio between usual
care (control) and POC PCR test availability (intervention). Questionnaire dataare collected at day 0, 7, 14, and 28 after theinitial
contact (health-related quality of life, absenteeism and presentism among patients, and patient satisfaction) and after finalization
of the study period (GP satisfaction). Data on recontacts, hospital admissions, redeemed antibiotic prescriptions, costs, and deaths
will beretrieved from the Danish national registries. The implementation process will be evaluated based on datafrom interviews
with users of POC PCR tests (i.e., GPs, staff, and patients) and from observations in the clinics in line with Medical Research
Council guidelines.

Results: As per the randomized crossover design carried out during September 2023 to March 2024 investigating a sample of
100 GP clinics, we expect to obtain an in-depth and multifaceted understanding of the effects of the availability of the POC PCR
test equipment in general practice.

Conclusions: This study will provide valuable information about the diagnostic conditions and possibilitiesin general practice
and provide insights into the organization of primary health care.

Trial Registration: Clinical Trials.gov NCT06120153; https.//clinicaltrials.gov/study/NCT06120153
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Introduction

Acute Respiratory I nfections, Recontacts, and
Antibiotic Prescriptions

A very common reason for visiting Danish general practiceis
symptoms of acute respiratory infections (ARIs), and diagnostic
accuracy isimportant to ensure appropriate treatment [1]. Danish
general practitioners (GPs) handle approximately 98% of these
cases without referring the patients to further diagnosis or
treatment in hospitals [2]. It isimportant for the quality of care
that patients are diagnosed as fast as possible, and that the GP
and the patient are confident about the diagnostic accuracy. If
not, the patient may be unnecessarily worried and contact health
services again. Recontacting health services is sometimes
appropriate, for example, if the patient’s symptoms worsen.
Unnecessary recontacts are, however, unsatisfactory to both the
patient and the clinician asahigh number of recontactsindicate
diagnostic and treatment deficits and a lack of reassurance of
the patient. In addition, recontacts and hospital admissions are
costly for society. For these reasons, the study investigates the
following research question: “ Do patientswith ARIs diagnosed
in general practice with access to point-of-care (POC)
polymerase chain reaction (PCR) equipment benefit in terms
of reducing recontacts to general practice in a 1-week period
after the initial contact?’

In addition to investigating recontacts as the primary outcome,
the study also alows for insights into patterns related to
antibiotic prescription. In Denmark, around 75% of all
antibioticsare prescribed in general practice, and ARIsare some
of themost common reasonsfor prescriptions[3,4]. Even though
Denmark is among the countries with the lowest consumption
of antibiotics worldwide, there is till room for improvement
in the total use of antibiotics and in the choice of regime, that
is, broad spectrum versus narrow spectrum antibiotics [5].
Antibiotic overuse may lead to microbial resistance, and if the
overall consumption is not restrained, infections with resistant
bacteriawill be amajor problem for both the individual patient
and the health care system. Hence, initiatives to significantly
reduce the prescription and use of antibiotics are highly
warranted [6]. Whether symptoms arise from bacteria or from
aviral infection is often uncertain in the primary care setting
[7], and when precise diagnostics are desirable, it often takes 1
to 3 working days and requires sending test samplesto external
laboratories. Due to diagnostic uncertainty, GPs may in some
situations prescribe antibiotics even in caseswhere the patient’s
symptoms are caused by a viral infection. Introducing POC
PCR diagnostic equipment in general practice may improve
diagnostic accuracy, and thereby reduce revisits as well as
prescription and use of antibiotics.

https://www.researchprotocol s.org/2025/1/€72842

Introducing practice changing diagnostic toolsinto primary care
extends beyond the mere adoption of a new diagnhostic
technology; it isacomplex intervention that involves significant
interactions among health care professionals, technology, and
the health care system itself. Complex interventions are
characterized by multiple components that interact within their
implementation context [8]. These include the behaviors of
health care providers and patients, the environment in which
the intervention is deployed, and the outcomes it aims to
influence. The complexity of integrating, for example, POC
PCR testing into daily practice is particularly evident in the
multifaceted processes it entails, from conducting the test and
interpreting its results to making informed clinical decisions
and adapting the health care infrastructure to support its use.

The use of rapid PCR testing for respiratory tract infections has
been extensively examined in hospital and emergency
department settings [9]. The effects on clinical and resource
related outcomes vary significantly between studies[10-12]. A
recent systematic review and meta-analysisfound no association
between rapid PCR testing and antibiotics use, return visits,
length of stay, or hospitalization among patients with ARI in
emergency departments [13]. Theclinical effects of POC PCR
testing of patients with ARI in general practice have not been
extensively examined. However, a feasibility study conducted
during the COVID-19 pandemic showed promising results in
terms of feasibility and clinical utility [14,15].

This paper describes a protocol for a cluster randomized
controlled trial focusing on the effects of introducing POC PCR
testing (Cobas LIAT) for ARIsin general practicein Denmark.
To qualify the study protocol, 2 preparatory studies were
conducted, demonstrating barriers and facilitatorsfor introducing
POC PCR technology in general practice, including user
experiences from the clinicians [16,17].

Objectives
The study is organized in 3 work packages (WPs) with the
following objectives.

WP1: Effectiveness of POC PCR Availability for ARI in
GP Clinics

Thefollowing are objectives 1 to 6: to eval uate the effectiveness
of POC PCR availability in general practice on (1) the number
of recontacts to the GP for patients with symptoms of ARIs
(primary outcome); (2) the number of redeemed antibiotic
prescriptions, (3) health-related quality of life, and (4) GP and
patient satisfaction. In addition, (5) the number of hospital
admissions and (6) deaths are included as safety measures.
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WP2: Cost-Effectiveness Associated With POC PCR
Availability in GP Clinics
The following are objectives 7 and 8: to evaluate (7) the costs

and (8) the cost-effectiveness of POC PCR availability in general
practice compared with usual care.

WHP3: Process Evaluation of I ntroducing and
Implementing POC PCR Availability in GP Clinics

Thefollowing is abjective 9: to identify and analyze contextual
facilitators and barriers as well as behavioral factors that
influence potential uptake of the implementation process tied
to the POC PCR equipment.

This study uses recontacts as a primary outcome of evaluating
the effectiveness of the test, as this is a less-explored
phenomenon associated with ARIs. Denmark is already one of
the countrieswith the lowest consumption of antibiotics, which
is why this measurement is also included in the study (as a
secondary outcomein the analyses). Whileinvestigating patterns
tied to antibiotic prescriptions are important, the scope of this
study is to explore the wider operations of a general practice
setting, which a primary but not isolated focus on recontacts
allows.

Methods

Study Setting

The study isconducted in 4 Danish regions (Region of Southern
Denmark, Region Zealand, North Denmark Region, and Central
Region of Denmark), comprising a general population of
approximately 4 million individuals and 2340 GPs [18].

In Denmark, GPsreceive reimbursement from the administrative
regionsfor all consultations and testsincluded in the collective
agreement between the PLO and the regions. The role of the
regionsin this study isto create and administer project specific
reimbursement codes that will enable cal culations of the number
of patients with ARIs and the number of POC PCR tests
performed. All Danish GPs are accustomed to register
reimbursement codes in their electronic patient record system
after each consultation, and all codes are linked to the patient’s
personal identification number.

Recruitment and Eligibility Criteria

GP clinics are eligible for participation if they are situated in
one of the participating regions and receive reimbursements
from the administrative regions. GP clinicsareinvited by letters
with written information about the project. The letters are sent
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fromtheclinica tria unit at the University of Southern Denmark
(SDU), who a so conductsfollow-up phone callsand distributes
additional material if requested by the clinic. Interested GP
clinicswill sign acollaboration agreement with SDU and receive
additional information. Patients are eligible for participation if
they contact a participating GP clinic with symptoms of ARI
during the study period. All clinics and patients taking part in
the effect study and the economic evaluation (WP1 and WP2)
will receive information about the project and data collection
according to the Danish Data Protection Act Section 10.
Specifically, as the studies of WP1 and WP2 are conducted on
register data, no patients will be identifiable, and thus, no
consent is needed. The qualitative process evaluation (WP3)
necessitates oral and written information, and all patients are
asked to sign an informed consent form. All participation is
voluntary, and every patient and professional is informed that
they can revoke their consent at any point should they regret
their participation.

Allocation

The study is designed as a cluster randomized crossover study
with the GP clinic asthe unit of randomization, that is, all GPs
affiliated to a GP clinic are randomized to either intervention
(A) in the first period and usual care (B) in the second (AB
sequence) or in the BA sequence. Allocation of the general
practice clinic is randomized using a computer algorithm and
alocation is 1:1 between the AB or BA sequence. When an
eligible clinic commits to the trial, the project statistician
informs the project management about the next allocation in
the allocation sequence and the clinic is randomized according
to this, that is, blinded randomization allocation is used.

Randomization at the patient level is not considered feasible,
as an ongoing randomization procedure in the clinic would be
time consuming and pose arisk of bias and interference with
the diagnostic procedure and subsequent decision-making by
the GP.

Therefore, randomization is stratified by type of clinic, that is,
partnership- or single-physician clinics. Large collaborative
clinics are randomized as one unit in the group of
non-single-physician clinics. A block randomization in blocks
of 10 isused.

I ntervention

Pretrial Information and Training

The study will be conducted over aperiod of 25 weeks (Figure
1).
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Figure 1. lllustrates the phases in the randomized controlled trial’s control and intervention periods as well as the washout period. In the washout
period, Roche removes, cleans, and reinstalls the equipment from the intervention group, so it is ready for the control group for the final phase of the

trial.
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In the month leading up to the intervention period, the POC
PCR device will beinstalled in the intervention clinics by staff
from Roche Diagnostics A/S, and assays and equipment
necessary for thetesting will be sent to the clinicsfree of charge.
Just before entering the trial period, each clinic will be trained
by staff from the clinical trial unit from SDU. During the
training session, the clinic will receive further information about
patient inclusion, registration of eligible patients in the
reimbursement system, and whether the clinic is about to enter
an intervention period, including training on how to perform
the POC PCR tests. In addition, al clinics will receive an
information poster for patients to display in the waiting area.
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All GP clinics will receive afee of DKK 6000 (approximately
€800 or US $840; 1DKK= US $0.14) for participating in the
study. In addition, GPswill be remunerated for performing the
test (DKK 71.48 [approximately €9.50 or US $10] per test
equivalent to aready established POC tests). The clinics
participating in the process evaluation will receive another
DKK 1000 per interview (approximately €134), and DKK 2000
(approximately €268 or US $280) per whole day during
observation studies.

An overview of the pretrial activities is presented in Textbox
1

Textbox 1. Pretria instructions and training during intervention and control periods.

I ntervention period

relevant

Control period

1. Introductory instructions about the trial are provided for the clinics (how to include and register patients with acute respiratory infection [ARI])
2. Training in the use of Cobas LIAT respiratory testing portfolio (group A Strep, Influenza A/B, SARS-CoV-2, and respiratory syncytia virus)
3. Instructiontoinclude all patients contacting the clinic with symptoms of ARI during a 7-wk period and possible point-of-care testing, if deemed

1. Introductory instructions about the trial are provided to the clinics (how to include and register patients with ARI)

2. Instruction to include all patients contacting the clinic with symptoms of ARIs during a 7-wk period for treatment as usual.
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Activities During the Study Period

All patients with ARI contacting the participating GP clinics
during theintervention or control period will be included inthe
study. Before or after the consultation with the GP, the clinic
staff will hand out information materials about the project,
including aleaflet with aQR code and alink to aquestionnaire.

In the control period, patientswith ARI will receive usual care,
usually comprising no or limited diagnostic tests at the clinic,
or nasal or pharyngeal swap for testing at an external |aboratory
with an expected response time of 1 to 3 days. During the
intervention period, the POC PCR equipment will be used when
the GP deemsiit relevant.

Developed by Roche Diagnostics A/S, the POC PCR test system
tested in this study comprises an analysisinstrument and assay
tubes for testing (1) StrepA, (2) Sars-Cov-2 and Influenza, and
(3) Influenza or respiratory syncytial virus (RSV). The test is
performed on oropharyngea (StrepA), nasopharyngeal
(SARS-Cov-2 or Influenza, and Influenza or RSV), or nasal
(Influenza or RSV) swap samples. Running the test takes
approximately 20 minutes per assay.

After the consultation, the GP registers the project specific
reimbursement codes in the electronic patients record system.
Three different reimbursement codes are used: thefirst codeis
for the registration of each individual patient with ARI
contacting the clinic. This code is used in both control and
intervention periods. The second codeisfor each timethe POC
PCR test is performed (allowed only once per patient per
consultation even though it is possible to perform multiple tests
within the same consultation), and thethird code isfor situations
wherethetest result is conveyed by phone or email to the patient
the day after the test is performed. The last two codes are for
intervention periods only. GPs are only remunerated for
performing the test.

Statistical Analysisand Sample Size Calculations

Sample Size Calculation

Outcomes are on the individual patient level, and the clustering
involvesthe entire GP clinic, not theindividual GP. A balanced
design with a common total cluster size and common period
effect was adopted. As the study is a superiority trial, results
from thefeasibility study [16] and Danish national register data
will inform the choice of parameters as inputs to the sample
size formula derived by Li et al [19]. The intended effect size
was fixed at areduction from 0.32 to 0.28 based on the register
results, which approximately corresponds to the distance
between the median or mean to the 25th percentile. With a
significance level of 0.05, power at 0.8, within-period
within-cluster correlation of 0.02, and across-period
within-cluster correlation as 0.01 to detect adifference between
aprevalence of 0.32 recontactsin the control group and 0.28 in
the intervention group, the sample size was calculated as 108
clinics, contributing 50 contacts each in the trial period.
Pragmatically, the inclusion of 100 clinics was chosen.

Blinding (Masking)

Due to the intervention procedure (an oropharyngeal,
nasopharyngeal, or nasal swab) and the use of project specific
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reimbursement codes, it isnot possible to blind the patients and
GPs.

Outcomes

The primary outcome ismodeled as group difference in number
of patients with ARI recontacting the GP from the date of the
initial contact (day 0) and the following 7 days in the
intervention and control periods [19]. Secondary outcomes
include safety outcomes such as group difference in the total
number of redeemed antibiotic prescriptions (day O and
following 7 days), the total number of hospital admissions, and
deaths (from the date of theinitial contact [day 0] and following
14 days) and total treatment costs, productivity costs,
quality-adjusted life years, and incremental cost-effectiveness
or utility ratio (from day 0-28) [14]. In addition, patient (day 0)
and GP satisfaction (after the end of tria) is evaluated along
with patients’ health-related quality of life (day 7, 14, and 28).
Furthermore, the study elucidates several aspects and factors
based on the process evaluations' qualitative design, which
allows us to assess the quantitative outcomes. Where the
guantitative outcomes emphasize measured effects, the
qualitative design alows insight into, for instance, the
participants' perceptions of diagnostic practices in the clinic,
the emergence and coordination of behavior, experiences, and
interactions with the device, and thus explains how people use
and perceive the device the way they do [16]. Multimedia
Appendix 1 describes the different outcomes and points of
interest including information on the specific measure, metric,
applied instrument, time period, data source, and target
population in atable overview.

Data Collection

A Triangulated Design

The evaluation is based on both quantitative and qualitative
methods. Quantitative data will be collected from national
administrative registries and via web-based questionnaires;
qualitative datawill be collected viainterviews and observations,
including video observation (see detail sin subsequent sections).

Questionnaire Data

The GPs or staff will distribute aleaflet with a QR code (and a
link) to a web-based survey to al patients with ARI aged =15
years. For patients aged <15 years, the caregiver will be asked
to answer the questionnaire. In the first questionnaire, the
personal identification number and contact information will be
collected, and the subsequent questionnaireswill be distributed
viaalink in email and SM S text message at day 7, 14, and 28.
In case of nonresponse, reminders will be sent within 2 days.
Participants who complete all 4 questionnaires will be entered
into alottery for 1 gift card of Dkr 1000 for completing thefirst
questionnaire and 1 gift card of Dkr 2500 for completing all 4
guestionnaires. Questionnaires will be managed via a secure
electronic questionnaire system  (SurveyXact). Each
questionnaire will take approximately 5 to 10 minutes to
complete. Furthermore, a questionnaire will be sent to all
participating GP clinics at the end of the trial followed by a
reminder after 2 weeksin case of no response. The questionnaire
will take approximately 5 minutes to complete. In it, the GPs
will be asked about their overall experience of the equipment
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associated with (1) support for performing precise diagnostics,
(2) support for clinical judgment, (3) the influence of the test
results related to clinical management of patients, (4) the
influence of thetest resultsin patient communication concerning
their condition, (5) disruption of consultation, (6) disruptionin
overall workflow, and (7) whether the equipment belongs in
genera practice. In addition, thereis space for the GPsto write
comments.

Register Data

Comprehensive public register data on contacts and services
provided in primary care, prescription of antibiotics, and hospita
contacts and various characteristics of the GP clinics will be
retrieved from the Danish Health Data Authority [20].
Furthermore, information on morbidity, socioeconomic status,
and various demographic characteristics on each patient will be
obtained from Statistics Denmark [21]. Datafrom the different
registers are linked by the patients persona identification
number. No data will be retrieved from the registers until the
protocol paper is accepted for publication.

Qualitative Data

Qualitative data will be collected through an ethnographic
fieldwork, which includes several key components. First, 10
pre- and postintervention interviews will be conducted with
GPs and saff across 11 clinics. In addition, participant
observations will take placein 5 clinics both before and during
the intervention along with video observations in 3 out of the
5 clinics. Furthermore, 14 patient interviews will be held after
theintervention.

Interviews with health professionals will focus on value
assessments and sense-making processestied to their experience
with diagnostic technologies in general and the POC PCR
equipment specifically. Participant observation will be
conducted (with and without video-recorded participation) to
obtain in-depth knowledge about everyday working life;
organizational and communicative behavior; and interactions
between hedlth professionals, staff, and patients with (and
without) the POC PCR equipment in the GP clinic. Finally,
patient interviewswill focus on their experience with use of the
POC PCR equipment, feelings of diagnostic certainty, and
reflections concerning the perceived impact of the POC PCR
test on relational and communicative processes.

Data Management

Questionnaire datawill be collected by SurveyXact and stored
on secure servers at University of Southern Denmark. After
data cleaning, questionnaire data will be transferred to secure
scientific servers at Statistics Denmark and linked to register
dataviathe personal identification number, after which all data
will be pseudonymized.

Qualitative datawill be collected by means of digital recorders
during interviews, by field notesduring observations, and using
aGoPro video camera(handheld by the researcher) during video
observation. After collecting data, they will be stored on secure
servers provided by SDU. NVivo software (QSR International)
will be used for transcriptions and analytical purposes.
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After publication of the study, the datamanager will ensure that
all study data are deleted.

Data Analysis

Effectiveness of GP Access to POC PCR

Demographic characteristics of the included patients and GP
clinics will be presented. Analysis of the binary primary
outcome uses a standard logistic regression model on the
individual (contact) level, accounting for clustering of patients
in clinics by generalized estimating equations. Primary analysis
will follow an intention-to-treat approach, and we want to show
superiority. A corresponding analysis strategy will be applied
for hospital admissions, deaths, and redeemed antibiotic
prescriptions. A level of 5% will be set as statistically
significant. Analyses will be performed with the most recent
version of Stata (StataCorp).

Within-Trial Cost-Effectiveness

The cost-effectiveness analyses will take both a national health
care perspective and, separately for the purpose of sensitivity
analysis, a limited restricted societal perspective, including
health care costs, patient costs (travel cost), and productivity
costsfor patients or their caregiver (in casethe patient isachild
aged <15Y). Cost-effectivenesswill be reported in terms of the
incremental cost-effectiveness ratio (ICER) expressed as the
difference in costs divided by the difference in outcome,
between patients in the intervention and control groups. Costs
will be estimated from the time of initial contact (day 0) and
over afollow-up period of 28 days and calculated by category.
Due to the short duration of the study, costs and outcomes will
not be discounted. Costs will be expressed in Euros, in 2024
conversion rates. Effect will be measured as the total number
of recontactswithin 7 days and quality-adjusted life yearswithin
28 days. Quality-adjusted life years are calculated as the area
under the utility curve for each patient based on patients
health-related quality of life measured by EQ-5D-5L for patients
aged >15 years (in Denmark, individuals become responsible
for managing their own health care at the age of 15, therefore
not a requiring parental intermediary or proxy completion of
the EuroQoL 5-Dimension) and valued using Danish value sets
[22,23]. Missing costs or quality-of-life data will be handled
by multiple imputations. Differences in mean costs and effect
will be estimated using separate generalized linear regression
models, with appropriate distribution and link functions for
costs and outcomes. The modelswill control for trestment, time
point, treatment-by-period interaction as fixed effects, and
cluster a the GP level as a random effect. Furthermore, the
modelswill adjust for baseline health care cost (6 months before
the initial contact) and baseline utility [24]. Nonparametric
confidence intervals for costs, effect, and ICER will be
computed using a 2-stage bootstrapping technique with 1000
replications [25] and the 2.5th and the 97.5th percentile of the
1000 bootstrap replications. Conventional methods for
estimating uncertainty around the ICER, such as
cost-effectiveness acceptability curves, will be applied as well.
Sensitivity analyses will be conducted to test assumptions,
uncertainty around variable estimates, and the robustness of
results.
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Qualitative Process Evaluation of I ntroducing and
Implementing POC PCR in GP Clinics

All qualitative analyses will be analyzed using the reflexive
thematic analysis by Braun and Clarke [26]. Following this
approach, the transcripts will be initially read and reread, with
participants taking notes along the way using the annotations
feature in CASDAQ software NVivo (version 14; QSR
International). Afterward, still using NVivo, the data will be
coded inductively. Codes are then grouped into themes and
subthemesthat capture, on ageneral level, theidentified factors
promoting and impeding potential users’ use of the POC PCR
equipment.

Specifically, preintervention interviewswith GPs and staff focus
on the organization of the clinic and everyday experiences in
the clinic as well as expectations regarding the upcoming
intervention, diagnostic processes, and technol ogy.

Postintervention interviews with GPs and staff focus on
experiences of the useful ness, effect, and meaningfulness of the
POC PCR test during the intervention.

Interviews with patients focus on the participants’ experience
with their symptoms, diagnosis, treatment, and use of health
technologiesfor diagnostic purposes and also on their reflections
concerning the perceived impact of the POC PCR test on
relational and communicative processes (eg, whether the test
enhances feelings of trust, of being taken seriously, and of
reassurance). Participants accompanying achild aged <15 years
will be interviewed relative to their considerations and
experiences associated with the experience of being in the
consultation with the child.

Analysisof the preintervention video observation datawill focus
on the learning processes in connection with training sessions
and characteristics of standard practicesintheclinic relating to
patientswith ARI. Analysis of video observation data collected
during intervention will focus on how usefulness and potential
implementation barriers and facilitators play out during the
everyday working life of GPs and staff.

Ethics and Dissemination

Research Ethics Approval

As the project entails an evaluation study of an aready
CE-certified diagnostic tool, approval from the Danish Medicine
Agency and the Scientific Committees of Medical Ethics (from
Danish: De Videnskabsetiske Medicinske Komiteer) has been
waived. The study has been assessed and approved by Local
Ethics Committee at University of Southern Denmark (case
number 23/1584) and University of Southern Denmark’s
Research and Innovation Organization (SDU RIO; journa
number: 11.907).

In addition, the project has been registered on Clinical Trial s.gov
(NCT06120153).

Consent or Assent

Informed consent isnot required for collection of questionnaires
and regi ster-based data according to the Danish Data Protection
Act Section 10. For the interviews and observations, written
and oral consent is obtained from the GP or staff before video
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observationintheclinic. When apatient arrivesfor consultation,
oral and written information about the project is given and
consent for observation is obtained. Only if the patient consents,
the consultation is observed and recorded. After observation,
the researcher asks the patient for permission to a follow-up
interview. The patient is provided a copy of the consent form
and written information about the project, General Data
Protection Regulation, and contact information for the project
team.

None of the questionnaires or planned interviews contain
psychological trigger questions nor istheintervention expected
to giveriseto any unwanted effects, asthe POC PCR equipment
used applied isa CE-certified diagnostic tool already in clinical
usein other settings. Whether the POC PCR test is used by the
health professional is entirely up to the individual to decide.
Whether the GPs or patients choose to participate in the project
does not have any influence on their treatment, and it is
completely voluntary to fill out questionnaires or participatein
interview- and observation studies.

Confidentiality

Datafrom interviews and observationswill be stored at a secure
server provided by SDU. Personal information (names, cities,
and other locations) will be pseudonymized during the stages
of transcribing the data and rewriting the field notes. For the
purpose of scientific publications, screenshots from video
recordingswill be deidentified as sketches, asdrawings, or with
blurred features.

Accessto Data

In line with the collaboration agreement signed between SDU
and Roche Diagnostics A/S, only researchers and project team
members from SDU have access to the data

Dissemination Policy

In accordance with the contractual agreement signed by SDU
and Roche Diagnostics A/S, SDU can present and publish data
and results from the project regardless of the outcome in
concordance with Danish law. Full disclosureisgiven to Roche
Diagnostics A/S related to the sponsor’s supporting rolein the
project in al written and oral presentations. Roche Diagnostics
A/S has the right to review and offer comments for written or
oral presentations as well as the right to intervene if any
confidential information provided by Roche Diagnostics A/S
is made public. Around 30 days before submission for
publication, Roche Diagnostics A/S must receive the material
intended for publication or public presentation for review.
However, it is SDU’sright to decide whether any comments or
inputs from Roche Diagnostics A/S will be included in the
publications. Roche Diagnostics A/S is alowed to use
publications or abstracts from the project when reference is
made to the author or authors in accordance with applicable
law, and only after such publications have been made publicly
available.

Results

As per the randomized crossover design carried out during
September 2023 to March 2024 investigating a sample of 100
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GP clinics, it is expected to get in-depth and multifaceted
understanding of the effects of the availability of the POC PCR
test equipment in general practice.

Specifically, in terms of effectiveness, costs, and how
organizational and experiential factors may work as barriers
and facilitators in the uptake of the intervention in the clinic,
both quantitative generalizable results and qualitative
explanations of contextual conditions are expected.

Discussion

Principal Findings

Swift and precise diagnosis of ARIs in general practice is of
great importance for obtaining appropriate health care use and
use of antibiotics as well as both patient and GP satisfaction.
This cluster randomized clinical trial is designed to explore the
effectsof availability of POC PCR in genera practice. However,
the pragmatic design comes with certain limitations.

Strengthsand Limitations

First, there is limited possibility to ensure that the patient
receivesthe postcard and fills out the questionnaire, which may
hamper studying the patients' quality of life and satisfaction.
Second, the quality of the quantitative datais highly dependent
on GPs applying the project specific reimbursements codes to
all relevant patients. As coding after each patient contact is
everyday routine for Danish GPs, the coding practice itself is
not a new task for the participating clinics. However, coding
difficulties associated with the new reimbursement codes cannot
be ruled out, which may in turn lead to aslight underreporting.
Finaly, while the POC PCR test equipment alows for
conducting 5 ARI tests, the current test portfolio does not allow
testing for, for example, pertussis and mycoplasma. Assuch, it
could influence both the professional and patient experience
and perception of what is considered quality and precise
diagnostics and, by the mere introduction of increased testing
that the POC PCR equipment promotes, the introduction of
more testing could lead to an overemphasis of testing for the
sake of testing. Moreover, it takes 20 minutesto run atest and
aconsultation in a Danish general practice usually isreimbursed
for only 10 minutes. This practical factor may also influence
the uptake of the intervention and the experience of the
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usefulness of the technology, it may even create additional
workload in the clinic.

Despite the possible limitations, the described project will
explore the potential effects of use of the POC diagnostic
equipment in general practice. A mgjor strength of the study is
the study design, mirroring real-world practice, where clinicians
themselves are in charge of deciding which diagnostic
approaches are warranted, rather than forcing clinicians to use
tools that they do not deem relevant. Furthermore, including
clinics of different sizes across the country ensures avariety of
clinics in the sample, which also reflects real-world
circumstances. Another strength of this study is the use of
register data, which provides unambiguous linkage of trial
participants to high-quality, nation-wide registers. These
registers allow analyses of both socioeconomic data and data
from the health care systems in the secondary care setting.
Moreover, the triangulated design of the qualitative process
eval uation that combinesinterviewswith observations of health
professional and patient behavior in the natura setting of the
clinics alowsfor the attainment of in-depth knowledge of how
the intervention works in practice, how the professionals may
perform workarounds, and how it can be adjusted around daily
life. In addition, insights into how they reflect on their own
actions and what they deem and perceive as barriers and
facilitators for the possible implementation of the new
technology in the future is obtained. While it can be expected
to be an added workload to manage the discrepancies of the
test’s running time versus time for consultations, it is not
uncommon that the GP finds tools meaningful as they are
embedded in practice, if the gain from using it adds an overall
value. Furthermore, patient interviews will illuminate the
patients needs, expectations, and experiences of diagnostic
practices, technology, and the patients' relations to the clinic
and staff, which allows for understanding and explaining
reconsulting behavior and more.

Conclusions

In conclusion, the study gives the possibility to explore the
potential effect of not only the availability of the POC PCR
equipment tied to recontacts (WP1) but also the economic
consequences (WP2) and the organizational factors as well as
professional and patient-related experiences tied to the
implementation of the diagnostic equipment (WP3).

Acknowledgments

The authors would like to thank Roche Diagnostics A/S for providing test equipment and introductory training and technical
support free of charge to the clinics during the trial study period.

They would also like to thank the participating clinics and patients for dedicating time and resources to participate in the study
and for allowing researchers to get insights into the needs and experiences of working with POC technology.

The study was funded by Roche Diagnostics A/S. The study was financially supported by Roche Diagnostics, including testing
devices, test kits, and support staff aiding the participating clinics and staff. The funder had no rolein the study design, analyses,
interpretation of the data, drafting the manuscript, or the decision to submit this paper for publication. The funder was given the
opportunity to read through the manuscript before submission and offer comments; however, it has been the team of authorswho
solely decide whether to include any comments or edits. The funder did not have any comments. Study datawill only be available
to the researchers at University of Southern Denmark and, thus, will not be shared with funder or any other parties.

Roche Diagnostics A/S provided materials and equipment for the study.

https://www.researchprotocols.org/2025/1/e72842 JMIR Res Protoc 2025 | vol. 14 | €72842 | p. 8

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Balasubramaniam et al

Authors Contributions

KB, LMS, LPK, TT, SW, JH, LS, JBN, GO, EAH, DEJ, TLR, and JS were responsible for conceptualization. KB, LMS, LPK,
TT, SW, and JISwereresponsiblefor datacuration. KB, LMS, LPK, TT, SW, JH, LS, BN, GO, EAH, DEJ, and JSwereresponsible
for formal analysis. KB, LPK, TT, SW, JH, LS, BN, GO, EAH, DEJ, and JSwere responsible for funding acquisition. KB, LMS,
LPK, TT, SW, TLR, and JS were responsible for investigation. KB, LMS, LPK, TT, SW, JH, LS, JBN, GO, EAH, DEJ, TLR,
and JS were responsible for methodology. KB, LMS, TT, SW, JH, JBN, TLR, and JSwere responsible for project administration.

Conflictsof I nterest
None declared.

Multimedia Appendix 1

Study objectives and their associated measurements, specific metrics, possible use of instruments, data collection period, evaluation
points, data sources, and target groups.
[DOCX File, 54 KB-Multimedia Appendix 1]

References

1.  SaustLT, BjerrumL, SiersmaV, Arpi M, Hansen MP. Quality assessment in general practice: diagnosis and antibiotic
treatment of acute respiratory tract infections. Scand J Prim Health Care. Dec 08, 2018;36(4):372-379. [FREE Full text]
[doi: 10.1080/02813432.2018.1523996] [Medline: 30296885]

2. Diagnostik og behandling af luftvejsinfektioner i almen praksis 2017. University of Southern Denmark. URL: https.//www.
sundhed.dk/content/cms/49/91649 _rapport-luftvejsaudit-2017.pdf [accessed 2025-05-29]

3. AabenhusR, Hansen MP, SiersmaV, Bjerrum L. Clinical indications for antibiotic use in Danish genera practice: results
from a nationwide el ectronic prescription database. Scand J Prim Health Care. Jun 06, 2017;35(2):162-169. [FREE Full
text] [doi: 10.1080/02813432.2017.1333321] [Medline: 28585886]

4.  Aabenhus R, SiersmaV, Hansen MP, Bjerrum L. Antibiotic prescribing in Danish general practice 2004-13. J Antimicrob
Chemother. Aug 21, 2016;71(8):2286-2294. [doi: 10.1093/jac/dkw117] [Medline: 27107098]

5. RUn Sigurdardottir N, Nielsen AB, Munck A, Bjerrum L. Appropriateness of antibiotic prescribing for upper respiratory
tract infections in general practice: comparison between Denmark and Iceland. Scand J Prim Health Care. Dec 18,
2015;33(4):269-274. [FREE Full text] [doi: 10.3109/02813432.2015.1114349] [Medline: 26683287]

6.  Global action plan on antimicrobial resistance. World Health Organization. 2016. URL : https.//www.who.int/publications/
i/item/9789241509763 [accessed 2025-05-29]

7. Renati S, Linder JA. Necessity of office visits for acute respiratory infections in primary care. Fam Pract. Jun 05,
2016;33(3):312-317. [FREE Full text] [doi: 10.1093/fampra/cmw019] [Medline: 27048524]

8.  Skivington K, MatthewsL, Simpson SA, Craig P, Baird J, Blazeby M, et a. A new framework for devel oping and evaluating
complex interventions: update of Medical Research Council guidance. BMJ. Sep 30, 2021;374:n2061. [FREE Full text]
[doi: 10.1136/bmj.n2061] [Medline: 34593508]

9.  Bruning AH, Leeflang MM, Vos JM, Spijker R, de Jong MD, Wolthers KC, et al. Rapid tests for influenza, respiratory
syncytial virus, and other respiratory viruses: a systematic review and meta-analysis. Clin Infect Dis. Sep 15,
2017;65(6):1026-1032. [FREE Full text] [doi: 10.1093/cid/cix461] [Medline: 28520858]

10. WabeN, Li L, Lindeman R, Yimsung R, Dahm MR, Clezy K, et a. The impact of rapid molecular diagnostic testing for
respiratory viruses on outcomes for emergency department patients. Med J Aust. Apr 05, 2019;210(7):316-320. [FREE
Full text] [doi: 10.5694/mja2.50049] [Medline: 30838671]

11. WabeN, Li L, Lindeman R, Yimsung R, Dahm MR, McLennan S, et al. Impact of rapid molecular diagnostic testing of
respiratory viruses on outcomes of adults hospitalized with respiratory illness: a multicenter quasi-experimental study. J
Clin Micrabiol. Apr 2019;57(4):e01727. [FREE Full text] [doi: 10.1128/JCM.01727-18] [Medline: 30541934]

12.  Brendish NJ, Mills S, Ewings S, Clark TW. Impact of point-of-care testing for respiratory viruses on antibiotic usein adults
with exacerbation of airways disease. JInfect. Oct 2019;79(4):357-362. [FREE Full text] [doi: 10.1016/j.jinf.2019.06.010]
[Medline: 31233809]

13. Schober T, Wong K, DeLisle G, Caya C, Brendish NJ, Clark TW, et al. Clinical outcomes of rapid respiratory virustesting
in emergency departments. a systematic review and meta-analysis. JAMA Intern Med. May 01, 2024;184(5):528-536. [doi:
10.1001/jamainternmed.2024.0037] [Medline: 38436951]

14. Dowel A, Huang S, Mcintosh C, Balm M, Cheung |, Castelino L, et al. Towards new forms of communication and
surveillance: a mixed methods study of rapid respiratory virus assessment in general practice during the SARS-CoV-2
pandemic. J Prim Health Care. Jun 2025;17(2):161-166. [doi: 10.1071/HC24051] [Medline: 40577211]

15. Hoste ME, Borek AJ, Santillo M, Roberts N, Tonkin-Crine S, Anthierens S. Point-of -care tests to manage acute respiratory
tract infectionsin primary care: asystematic review and qualitative synthesis of healthcare professional and patient views.
J Antimicrob Chemother. Jan 03, 2025;80(1):29-46. [doi: 10.1093/jac/dkae349] [Medline: 39378128]

https://www.researchprotocols.org/2025/1/e72842 JMIR Res Protoc 2025 | vol. 14 | €72842 | p. 9
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v14i1e72842_app1.docx&filename=ad6b4d0fe3bb13591c7649fc2beea93d.docx
https://jmir.org/api/download?alt_name=resprot_v14i1e72842_app1.docx&filename=ad6b4d0fe3bb13591c7649fc2beea93d.docx
https://www.tandfonline.com/doi/10.1080/02813432.2018.1523996?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/02813432.2018.1523996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30296885&dopt=Abstract
https://www.sundhed.dk/content/cms/49/91649_rapport-luftvejsaudit-2017.pdf
https://www.sundhed.dk/content/cms/49/91649_rapport-luftvejsaudit-2017.pdf
https://www.tandfonline.com/doi/10.1080/02813432.2017.1333321?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://www.tandfonline.com/doi/10.1080/02813432.2017.1333321?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/02813432.2017.1333321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28585886&dopt=Abstract
http://dx.doi.org/10.1093/jac/dkw117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27107098&dopt=Abstract
https://www.tandfonline.com/doi/10.3109/02813432.2015.1114349?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.3109/02813432.2015.1114349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26683287&dopt=Abstract
https://www.who.int/publications/i/item/9789241509763
https://www.who.int/publications/i/item/9789241509763
https://europepmc.org/abstract/MED/27048524
http://dx.doi.org/10.1093/fampra/cmw019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27048524&dopt=Abstract
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=34593508
http://dx.doi.org/10.1136/bmj.n2061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34593508&dopt=Abstract
https://europepmc.org/abstract/MED/28520858
http://dx.doi.org/10.1093/cid/cix461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28520858&dopt=Abstract
https://europepmc.org/abstract/MED/30838671
https://europepmc.org/abstract/MED/30838671
http://dx.doi.org/10.5694/mja2.50049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30838671&dopt=Abstract
https://europepmc.org/abstract/MED/30541934
http://dx.doi.org/10.1128/JCM.01727-18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30541934&dopt=Abstract
https://europepmc.org/abstract/MED/31233809
http://dx.doi.org/10.1016/j.jinf.2019.06.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31233809&dopt=Abstract
http://dx.doi.org/10.1001/jamainternmed.2024.0037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38436951&dopt=Abstract
http://dx.doi.org/10.1071/HC24051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40577211&dopt=Abstract
http://dx.doi.org/10.1093/jac/dkae349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39378128&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Balasubramaniam et al

16.

17.

18.

19.

20.

21
22.

23.

24,

25.

26.

Simonsen LM, Eilerskov N, Andersen RS, Soendergaard J, Nielsen JB, Jarbgl DE, et al. Introducing Point-of-Care PCR
technology in general practice: ambiguities, experiences, and perceptions among health care professionals. Health (L ondon).
May 31, 2025;29(3):427-446. [doi: 10.1177/13634593241254988] [Medline: 38818659)]

Shahrzad S, Balasubramaniam K, Kousgaard MB, Thilsing T, Sendergaard J, Overbeck G. Implementing PCR testing in
genera practice-a qualitative study using normalization process theory. BMC Health Serv Res. Nov 30, 2023;23(1):1325.
[FREE Full text] [doi: 10.1186/s12913-023-10355-4] [Medline: 38037044]

PLO faktaark. Praktiserende Laggers Organisation. URL: https://|aeger.dk/medialy05Ixelt/plo-faktaark-2025 verl.pdf
[accessed 2025-05-29]

Li F, Forbes AB, Turner EL, Preisser JS. Power and sample size requirements for GEE analyses of cluster randomized
crossover trials. Stat Med. Feb 20, 2019;38(4):636-649. [ FREE Full text] [doi: 10.1002/sim.7995] [Medline: 30298551]
Better health through the use of data and digital coherence. The Danish Health Data Authority. URL: https:/
/sundhedsdatastyrel sen.dk/da/english [accessed 2025-05-29]

Statistics Denmark. URL: https://www.dst.dk/da [accessed 2025-05-29]

Matthews JN, Altman DG, Campbell MJ, Royston P. Analysis of serial measurements in medical research. BMJ. Jan 27,
1990;300(6719):230-235. [FREE Full text] [doi: 10.1136/bmj.300.6719.230] [Medline: 2106931]

Jensen CE, Sgrensen SS, Gudex C, Jensen MB, Pedersen KM, Ehlers LH. The Danish EQ-5D-5L value set: ahybrid model
using cTTO and DCE data. Appl Health Econ Health Policy. Jul 02, 2021;19(4):579-591. [FREE Full text] [doi:
10.1007/s40258-021-00639-3] [Medline: 33527304]

Manca A, Hawkins N, Sculpher MJ. Estimating mean QALY sin trial-based cost-effectiveness analysis: the importance of
controlling for baseline utility. Health Econ. May 20, 2005;14(5):487-496. [doi: 10.1002/hec.944] [Medline: 15497198]
Ng ES, Grieve R, Carpenter JR. Two-stage nonparametric bootstrap sampling with shrinkage correction for clustered data.
Stata J. Mar 01, 2013;13(1):141-164. [doi: 10.1177/1536867x1301300111]

Braun V, Clarke V. Reflecting on reflexive thematic analysis. Qual Res Sport Exerc Health. Jun 13, 2019;11(4):589-597.
[doi: 10.1080/2159676x.2019.1628806]

Abbreviations

ARI: acute respiratory infection

GP: general practitioner

ICER: incremental cost-effectivenessratio
PCR: polymerase chain reaction

POC: point-of-care

RSV: respiratory syncytial virus

WP: work packages

Edited by J Sarvestan, A Schwartz; submitted 19.02.25; peer-reviewed by N Boillat-Blanco, J Bleidorn; commentsto author 26.03.25;
revised version received 21.05.25; accepted 17.06.25; published 08.09.25

Please cite as:

Balasubramaniam K, Smonsen LM, Kongstad LP, Thilsing T, Wehberg S, Hallas J, Sopina L, Nielsen JB, Overbeck G, Hvidt EA,
Jarbgl DE, Rasmussen TL, Sgndergaard J

Evaluating the Effect of a Molecular Point-of-Care Test on Acute Respiratory Infectionsin General Practice: Protocol for a Cluster
Randomized Trial

JMIR Res Protoc 2025;14:€72842

URL: https.//mww.researchprotocols.org/2025/1/e72842

doi: 10.2196/72842

PMID:

©Kirubakaran Balasubramaniam, Line Maria Simonsen, Line Planck Kongstad, Trine Thilsing, Sonja Wehberg, Jesper Hallas,
Liza Sopina, Jesper Bo Nielsen, Gritt Overbeck, Elisabeth Assing Hvidt, Dorte Ejg Jarbgl, TinaL ein Rasmussen, Jens Sgndergaard.
Originally published in IMIR Research Protocol s (https://www.researchprotocols.org), 08.09.2025. Thisis an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR
Research Protocols, is properly cited. The complete bibliographic information, a link to the origina publication on
https.//www.researchprotocols.org, as well as this copyright and license information must be included.

https://www.researchprotocols.org/2025/1/e72842 JMIR Res Protoc 2025 | vol. 14 | €72842 | p. 10

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1177/13634593241254988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38818659&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-023-10355-4
http://dx.doi.org/10.1186/s12913-023-10355-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38037044&dopt=Abstract
https://laeger.dk/media/y05lxe1t/plo-faktaark-2025_ver1.pdf
https://europepmc.org/abstract/MED/30298551
http://dx.doi.org/10.1002/sim.7995
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30298551&dopt=Abstract
https://sundhedsdatastyrelsen.dk/da/english
https://sundhedsdatastyrelsen.dk/da/english
https://www.dst.dk/da
https://europepmc.org/abstract/MED/2106931
http://dx.doi.org/10.1136/bmj.300.6719.230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2106931&dopt=Abstract
https://europepmc.org/abstract/MED/33527304
http://dx.doi.org/10.1007/s40258-021-00639-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33527304&dopt=Abstract
http://dx.doi.org/10.1002/hec.944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15497198&dopt=Abstract
http://dx.doi.org/10.1177/1536867x1301300111
http://dx.doi.org/10.1080/2159676x.2019.1628806
https://www.researchprotocols.org/2025/1/e72842
http://dx.doi.org/10.2196/72842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

