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ABSTRACT
Background  The major obstacle in prescribing an 
appropriate and targeted antibiotic treatment is insufficient 
knowledge concerning whether the patient has a bacterial 
infection, where the focus of infection is and which 
bacteria are the agents of the infection. A prerequisite 
for the appropriate use of antibiotics is timely access to 
accurate diagnostics such as point-of-care (POC) testing.
The study aims to evaluate diagnostic tools and working 
methods that support a prompt and accurate diagnosis 
of hospitalised patients suspected of an acute infection. 
We will focus on the most common acute infections: 
community-acquired pneumonia (CAP) and acute 
pyelonephritis (APN). The objectives are to investigate 
(1) patient characteristics and treatment trajectory of the 
different acute infections, (2) diagnostic and prognostic 
accuracy of infection markers, (3) diagnostic accuracy of 
POC urine flow cytometry on diagnosing and excluding 
bacteriuria, (4) how effective the addition of POC analysis 
of sputum to the diagnostic set-up for CAP is on antibiotic 
prescriptions, (5) diagnostic accuracy of POC ultrasound 
and ultralow dose (ULD) computerized tomography (CT) 
on diagnosing CAP, (6) diagnostic accuracy of specialist 
ultrasound on diagnosing APN, (7) diagnostic accuracy of 
POC ultrasound in diagnosing hydronephrosis in patients 
suspected of APN.
Methods and analysis  It is a multifaceted multicentre 
diagnostic study, including 1000 adults admitted with 
suspicion of an acute infection. Participants will, within the 
first 24 hours of admission, undergo additional diagnostic 
tests including infection markers, POC urine flow 
cytometry, POC analysis of sputum, POC and specialist 
ultrasound, and ULDCT. The primary reference standard is 
an assigned diagnosis determined by a panel of experts.
Ethics, dissemination and registration  Approved 
by Regional Committees on Health Research Ethics 
for Southern Denmark, Danish Data Protection Agency 
and ​clinicaltrials.​gov. Results will be presented in peer-
reviewed journals, and positive, negative and inconclusive 
results will be published.
Trial registration numbers  NCT04661085, 
NCT04681963, NCT04667195, NCT04652167, 

NCT04686318, NCT04686292, NCT04651712, 
NCT04645030, NCT04651244.

INTRODUCTION
Antibiotic resistance
Multiresistant bacteria are one of the major 
threats to public health.1 The incidence 
of multiresistant bacteria is increasing in 
Denmark2 and every 20th patient admitted 
to a Danish emergency department (ED) 
is colonised with multiresistant bacteria.3 
Denmark has focused on this challenge4 by 
screening special patient groups for multire-
sistant bacteria,5 6 and by initiating campaigns 
to reduce antibiotic consumption—mainly 
the use of broad-spectrum antibiotics in 
hospitals.4 7

The Danish Ministry of Health has made 
extensive efforts targeting the use of antibi-
otics in hospitals. However, the major obstacle 
in reducing the prescription of broad-
spectrum antibiotics is insufficient knowledge 
concerning whether the patient has a bacterial 
infection, where the focus of infection is and 
which bacteria are the agents of the infection.8 

Strengths and limitations of this study

►► It is a pragmatic study that reflects reality and has 
potential for substantial clinical significance.

►► The study combines diagnostics and knowledge 
from five different medical specialties.

►► The study is complex and contains a number of sub-
studies which share the same population.

►► The study is only generalisable to settings with a 
similar technological context and trained staff.

►► COVID-19 and the consequent societal lockdown 
might affect patient distribution.
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Uncertainty in the answers to these three questions often 
leads a clinician to choose a broad-spectrum antibiotic 
at the onset of treatment. Unfortunately, the prescrip-
tion of a broad-spectrum antibiotic is rarely revised when 
laboratory results are available, often because the patient 
already has been discharged.9

Acute infections and diagnostic tools
A prerequisite for appropriate use of antibiotics is timely 
access to accurate diagnostic tests, since treatment of 
acute infections should be initiated within a few hours 
to avoid serious complications such as bacteraemia, 
sepsis, organ failure, septic shock and death.10 The most 
common conditions among ED patients with suspected 
infections are community-acquired pneumonia (CAP) 
and acute pyelonephritis (APN).11 12 Diagnosing CAP and 
APN can be challenging as symptoms are often weak and 
non-specific and the current methods for focal and aeti-
ological diagnosis have low sensitivity and specificity and 
often deliver results after the decision regarding antibi-
otic treatment has been made.9 13 14

The COVID-19 pandemic has highlighted the need of 
accurate diagnostic tests. Quick and correct classification 
of pneumonia as COVID-19, another viral or bacterial 
pneumonia, or even COVID-19 complicated with bacte-
rial pneumonia, is of vital importance to select the correct 
treatment (including antibiotics), and the correct infec-
tion control measures, including isolation.

In order to make the correct diagnosis and prescribe 
an appropriate and targeted treatment within a few hours 
of admission, it is important to the physician to be able 
to answer the following three questions: (a) Is it an infec-
tion that requires antibiotic treatment (bacterial infection 
marker)?; (b) Where is the focus of infection (imaging 
diagnosis)?; (c) Which bacteria should the prescribed 
antibiotic target (aetiological diagnosis)?

Bacterial infection markers
To support the diagnosis of an infection and assess its 
severity, a measure of the systemic inflammatory response 
is useful, for example, abnormal temperature, elevated 
leucocyte count with neutrocytosis or elevated C reac-
tive protein (CRP). Some uncertainty is associated with 
CRP because it has a delayed response to bacterial infec-
tion and often is elevated in non-infectious inflamma-
tory conditions.15 A more sensitive and specific marker 
that can differentiate between bacterial and viral infec-
tion and reflect the severity of the infection is desired.16 
Serum procalcitonin (PCT) has potential as a diagnostic 
tool in suspected bacterial infections17 and can distin-
guish between viral and bacterial pneumonias.18 Soluble 
urokinase plasminogen activator receptor (suPAR) might 
have a potential as a marker for acute bacterial infections 
requiring antibiotic treatment.19 However, there are no 
well-conducted studies which compare simultaneously all 
three biomarkers’ diagnostic abilities for bacterial infec-
tions in general or in relation to CAP or APN.16 20

Imaging diagnostics
The CAP diagnosis is primarily based on clinical symp-
toms and findings, supplemented with chest X-ray, 
which has a low sensitivity and specificity.21 Identifying 
an improved imaging alternative with high diagnostic 
sensitivity and specificity and minimal risk to the patient 
is imperative. Computerized tomography (CT) scans, for 
example, high-resolution CT (HRCT) provides a detailed 
diagnosis of thoracic diseases, but the radiation dose is 
high and potentially harmful. Low-dose CT has shown 
promising diagnostic results, but the radiation dose is 
still potentially harmful.22 Ultralow dose CT (ULDCT) 
of the thorax could be an alternative, but has yet to be 
studied within an ED context. Another relevant imaging 
modality is ultrasound scanning (US). US of the lungs is 
useful to diagnose pulmonary oedema and pleural effu-
sion, but the value of US performed by a novice oper-
ator when diagnosing CAP in an ED setting needs further 
investigation.23

Currently, no imaging methods are used to verify the 
diagnosis of APN. The diagnosis is primarily based on 
unspecific clinical findings,24 and is often not confirmed 
microbiologically.25 Complicating factors such as hydrone-
phrosis and renal abscess can be visualised with conventional 
US.26 Contrast enhanced US (CEUS) seems to be a prom-
ising diagnostic imaging modality of acute renal inflamma-
tion.27 28 The value and suitability in a clinical setting of this 
more advanced US investigation is unknown.

Aetiological diagnostics
Sputum can be cultivated to determine the agent of CAP. 
However, results are often unspecific and not available 
until after discharge of the patient or completion of treat-
ment.9 A point-of-care (POC) tool providing rapid micro-
biological results on, for example, sputum samples would 
therefore be useful. Systems are available today based on 
PCR methods with results available within 1 hour for a 
variety of viral and bacterial pathogens.29 The impact of 
such fast diagnostic systems on antibiotic prescriptions 
has not been investigated in an ED context.

The diagnosis of APN is verified by significant bacteri-
uria in urine culture,25 but as many as half of the patients 
with clinical APN fail to meet this diagnostic criterion. 
Unfortunately, the time from sample to result for urine 
cultures is more than 24 hours.24 25 30 31 Urine test strips 
are unreliable with low specificity and low predictive 
values.32 Therefore, a POC test is desired, which can 
provide rapid results and quickly identify a bacteriuria. 
One such tool may be urine flow cytometry (UFC), which 
has shown promising diagnostic value for the exclusion 
of bacteriuria with a high negative predictive value.33 
However, better documentation for its use as an ED diag-
nostic screening method is needed.

Aim and objectives
Our broad hypothesis is that improved diagnostic strat-
egies for patients in ED with suspicion of systemic infec-
tion can contribute to more rapid and accurate diagnosis. 
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Therefore, we assume that a more appropriate antibiotic 
treatment can be administered to these patients.

The project aims to evaluate alternative diagnostic tools 
and working methods that support a prompt and accu-
rate diagnosis of hospitalised patients suspected of an 
acute infection. We will focus on the most common ED 
infections: CAP and APN. The research objectives are to 
answer the following questions:
1.	 What are the patient characteristics and treatment tra-

jectory of the different ED infections?
2.	 What is the diagnostic and prognostic accuracy of the 

infection markers suPAR and PCT in patients with sus-
pected CAP and APN?

3.	 What is the diagnostic accuracy of POC-UFC on diag-
nosing and excluding bacteriuria?

4.	 How effective is the addition of POC-PCR analysis of 
sputum to the diagnostic set-up for CAP on antibiotic 
prescribing?

5.	 What is the diagnostic accuracy of POC-US and ULDCT 
on diagnosing CAP?

6.	 What is the diagnostic accuracy of CEUS on diagnos-
ing APN?

7.	 What is the diagnostic accuracy of POC-US in diagnos-
ing hydronephrosis in patients suspected of APN?

The ultimate goal is to combine the results of all these 
seven objectives into a novel diagnostic model which the 
ED physician can apply when receiving a patient with 
suspicion of infection.

METHODS
Study design
The study is designed as a multifaceted multicentre diag-
nostic study. Participants will undergo additional diag-
nostic tests depending on the primary suspected focus of 
infection.

The study protocol is reported in accordance with the 
Standard protocol items: Recommendations for inter-
ventional trials statement.34 Informed consent materials 
can be found in online supplemental appendix I, biolog-
ical specimens in online supplemental appendix II, and 
schedule of enrolment, interventions, and assessments in 
online supplemental appendix III.

Setting
The study will recruit participants from three Danish EDs: 
the regional hospital, Lillebælt Hospital in Kolding, the 
regional hospital, Hospital Sønderjylland in Aabenraa, 
and the university hospital, Odense University Hospital 
in Odense. Enrolment commences from 8 February 2021 
and continues until the predefined sample size has been 
reached.

Project assistants will recruit the participants and collect 
data. The project assistants will have a healthcare educa-
tion (physicians, physiotherapists, nurses and medical 
students). They are certificated in focused US of kidney 
and lung (1 day POC-US course, 25 supervised scans and 

Objective Structured Assessment of US Skills test) within 
1 month from enrolment.

The study originates from the Emergency Research Unit 
affiliated at University Hospital of Southern Denmark and 
Department of Regional Health Research at University of 
Southern Denmark.

Population and eligibility criteria
Inclusion of patients is based on the receiving ED physician’s 
initial clinical assessment of the patient. Adults aged 18 years 
or older admitted to the ED will be invited to participate 
in the study, if the receiving physician suspects the patient 
is having an infection. Only patients able to give informed 
consent will be participating in the study. Depending on 
primary suspected focus of infection (CAP, APN or other/
unknown), the patients will be included into one of three 
diagnostic tracks (A, B or C) as shown in figure 1.

Exclusion criteria that apply to all three tracks at time 
of recruitment:

►► If the attending physician considers that participation 
will delay a life-saving treatment or directly transfer to 
intensive care unit.

►► Admission (defined as >24-hour hospital visit) within 
the last 14 days to avoid hospital-acquired infections.

►► Verified COVID-19 within 14 days before admission 
to avoid a skewed population consisting of patients 
with COVID-19 instead of patients with CAP. Patients 
suspected of COVID-19, at the time of recruitment, 

Figure 1  Design of patient flow and diagnostic tracks. APN, 
acute pyelonephritis; CAP, community-acquired pneumonia; 
ED, emergency department: HRCT, high-resolution CT; POC, 
point-of-care; UFC, urine flow cytometry; ULDCT, ultralow 
dose CT; US, ultrasound scanning.
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will not be excluded—nor if subsequently tested 
positive.

►► Pregnant women, this to uniform all the studies. At 
the participating EDs, the pregnant women repre-
sent a very small patient group, as they are admitted 
directly to the ward.

►► Severe immunodeficiencies:
–– Primary immunodeficiencies
–– Secondary immunodeficiencies

–– HIV positive, with a cluster of differentiation 4 
cell count <200.

–– Patients receiving immunosuppressive treat-
ment (Anatomical Therapeutic Chemical classi-
fication L04A).

–– Corticosteroid treatment (>20 mg/day predni-
sone or equivalent for >14 days within the last 
30 days).

–– Chemotherapy within 30 days.
Exclusion criteria that only apply to patients with 

suspected CAP (track A):
►► Patients <40 years old are excluded from the ULDCT 

and HRCT due to risk of cancer from radiation.
►► Patients <65 years who already participated once will 

be excluded from ULDCT and HRCT due to risk of 
cancer from radiation.

Exclusion criteria that only apply to patients with 
suspected APN (track B):

►► Patients are excluded from MRI according to common 
MRI exclusion criteria (eg, contraindicating metal in 
the body) and claustrophobia.

►► Patients with known allergy to US contrast.

Recruitment
The study assistants will identify potential eligible patients 
through the local logistic system, which lists patients 
visiting the ED (Cetrea Anywhere), According to the 
local guidelines, a medical clinical assessment of the 
patients is performed within half an hour from arrival at 
the ED.35 The study assistant will, immediately after the 
assessment, consult the receiving physician to ask if (a) 
a systemic infection is suspected and (b) what the most 
likely focus is: lungs, urinary tract, elsewhere/unknown. 
If the patient meets the eligibility criteria, the study assis-
tant will present the study both verbally and in writing, 
and invite the patient to participate in the study.

Procedure
The study assistant will, after obtaining written consent, 
order blood samples, urine sample and the diagnostic 
tests described in the assigned track. The study assistant 
will collect data for patient characteristic by looking in 
the patient record and by patient interview.

Infection markers
Blood samples will be collected by a medical laboratory 
technologist and transferred to the local laboratory for 
analysis of CRP (routine analysis), PCT and suPAR. Labo-
ratory staff will be blinded to participant diagnosis and 

outcome. PCT results will be available to the treating 
physician, but the suPAR result will not be available. CRP 
will be measured using an immunoturbidimetric assay 
(Tina-quant, Roche) on Roche/Hitachi Cobas systems. 
Plasma PCT will be quantified by an automated sandwich 
immunoassay ‘ECLIA’ (Elecsys, BRAHMS PCT-analyses) 
on Cobas within 2 hours from collection according to 
standard procedure. Plasma suPAR will be quantified by 
using the commercial available suPARnostic Tubilatex 
assay reagents (ViroGates, Denmark) on Cobas as previ-
ously validated.36 Separated plasma is kept refrigerated 
and analysed for suPAR within 48 hours after collection.

Point-of-care urine flow cytometry
A urine sample will be collected according to routine 
procedure by the study assistant. The sample will be 
divided into three aliquots: one for routine urine 
culturing, one for routine dipstick analysis and one half 
for POC-UFC analysis (UF-5000, Sysmex, Kobe, Japan). 
The POC-UFC analysis will be performed according to 
manufacturer’s instruction and conducted by study assis-
tants or laboratory staff in a POC laboratory close to the 
department to which the transport time is less than 10 
min. Laboratory staff will be blinded to participant diag-
nosis and outcome. The results of the POC-UFC analysis 
will not be visible to the treating physician.

The results of the dipstick analysis and the urine 
culturing will be available to the treating physician as part 
of the usual procedure (within 1 hour for dipstick and 
after up to several days for culturing).

POC-PCR sputum analysis
A sputum sample will be collected according to standard 
procedure as soon as possible after recruitment by the 
study assistant. This sample will be randomly assigned 
to one of two groups with 1:1 allocation: (1) POC-PCR 
analysis (Biofire FilmArray Pneumonia Panel plus, 
Biomérieux, Marcy l’Etoile, France) in accordance with 
manufacturer’s instruction,37 and (2) routine microbi-
ology analysis (culturing and PCR). Expectorated sputum 
or tracheal secretions will be used for the PCR analysis. 
All sputum samples will be cultured. Gram stain and 
microscopy are not included in the analysis.

The randomisation will be performed by the study 
assistants and generated electronically using Research 
Electronic Data Capture (REDCap) Randomization 
Module38 with permuting blocks and stratified according 
to sites. Allocation concealment is ensured, as randomis-
ation is performed electronically and the study assistants 
administering the randomisation will not have access to 
the randomisation code. The allocation is revealed after 
consent is obtained and sputum collection successful.

The study assistants or laboratory staff will perform 
the POC-PCR analysis in a POC laboratory at the ED or 
close to the department to which the transport time is less 
than 10 min. The used POC-PCR targets 27 of the most 
common pathogens involved in lower respiratory tract 
infections (online supplemental appendix IV). The result 
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of the POC-PCR will be presented by the study assistant to 
the treating physician within 4 hours on admission. The 
treating physician will, along with the result, receive a 
recommended action list (online supplemental appendix 
V), developed by microbiologists.

The patients will be blinded, and the investigator will 
be blinded to data management and analysis. Outcome 
adjudicators will not be blinded.

Point-of-care ultrasound scanning
A POC-US (Butterfly iQ+, GM Medical) of the lungs will 
be performed bedside as focused lung US (FLUS) by study 
assistant within 24 hours after admission. FLUS is used to 
diagnose pneumothorax, pleural effusion and interstitial 
syndrome. Additionally, signs of pneumonia, that is, liver-
like alveolar consolidation with shredded borders and 
air bronchograms will be described. Diagnostic criteria 
used are in accordance with international consensus.39 40 
FLUS will be conducted immediately before or after the 
CT scans. The FLUS result will not be available to the 
treating physician unless the result requires immediate 
action (pneumothorax or large pleural effusions).

A POC-US (Butterfly iQ+) of the kidneys will be 
conducted bedside by a study assistant within 24 hours 
after admission in order to assess whether hydrone-
phrosis is present or absent. If present, the condition 
will be graded in grades 1, 2, 3 or 4.41 The result will not 
be available to the treating physician since the patient 
is examined by a radiologist immediately after, and the 
results from this examination are reported to the clini-
cian according to standard care.

ULDCT and HRCT
The ULDCT and HRCT of the thorax scans are performed 
in the same scanning sequence, thus on the same scanner. 
A specially designed technical protocol is the basis of the 
ULDCT and will, prior to inclusion through a minor pilot 
study, be optimised at each site of inclusion to ensure 
uniform quality and dose. The radiological findings 
from ULDCT will be reported systematically using stan-
dardised assessment templates by radiologists. The HRCT 
will be performed according to standard protocols at 
each hospital, but only during inspiration to limit radi-
ation dose. HRCT will be reference standard for FLUS 
and ULDCT and interpreted by lung expert radiologists. 
The reports from POC-US, ULDCT and HRCT, respec-
tively, will be blinded. Study consultant radiologists with 
experience from ED patients will post-process report the 
ULDCT scans systematically using specially developed 
research report templates. The results of ULDCT and 
HRCT will be available to the treating physician within 
a week. If a result requires immediate action, the clini-
cian will be contacted directly by the examiner (pneu-
mothorax and large pleural effusions), according to 
standard care. If a participant is discharged before the 
scans have been performed, they will be offered the scan 
in an outpatient setting.

CEUS and MRI
A specialist US will be performed at the radiology 
department, including conventional greyscale US and 
CEUS with intravenous injection of 1.5 mL ultrasound 
contrast (Sonovue, Bracco). At the same time, or as close 
as possible, an MRI without intravenous contrast of the 
kidneys will be conducted. The MRI will include the 
following sequences: planning, Dixon, T1 mapping, T2, 
T2 mapping, apparent diffusion coefficient (ADC) (100, 
400, 800), MRI angio (3D VIBE) and phase contrast. The 
radiological findings will be described systematically using 
standardised assessment templates. The report from US 
and MRI, respectively, will be blinded. A renal expert 
radiologist will interpret the MRI and will post-process 
report the imaging systematically using specially devel-
oped research report templates. Imaging from the CEUS 
will be evaluated in an external post-processing software 
algorithm (Vuebox, Bracco). The non-experimental 
results of the scans will be available to the treating physi-
cian within a week. If a result requires immediate action 
(suspicion of pyonephrosis or renal abscess), the clinician 
will be contacted directly by the examiner, according to 
standard care. If a participant is discharged before the 
scans have been performed, they will be offered the scans 
in an outpatient setting.

Expert panel reference standard
Unless otherwise stated, the reference standard is the 
assigned diagnosis determined by a panel of experts. The 
panel consists of two consultants: a specialist in emer-
gency medicine and a specialist in infectious medicine 
with considerable experience within acute infections. 
They will determine the final diagnosis based on all rele-
vant information in medical records and study database 
available from the admission including routine blood 
analysis, blood/urine/sputum culturing, POC-PCR, 
routine and study imaging (including HRCT and MRI), 
and clinical information. The final diagnosis will be based 
on information available within the first week after admis-
sion. A standardised template in REDCap will be used 
(online supplemental appendix VI), and the experts 
will register if the patient has an infectious disease, if 
the focus of infection is the lungs, kidneys or other, and 
specify the infection by adding an international classifi-
cation of diseases (ICD-10 diagnosis code). If the patient 
has two focal diagnoses, for example, pneumonia and 
APN, the assessment will be based on what is the most 
probable cause of infection on admission. Conflicts will 
be discussed until consensus is reached. In this study, we 
define APN as a urinary tract infection with typical local 
symptoms and systemic affection (ie, fever, sepsis), thus 
indicating ascension of infection above the bladder.

Data collection and management
All data will be collected in REDCap. Data will be pseudo-
anonymised and managed and analysed using STATA or 
R in collaboration with a biostatistician.
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For each participant, information on predefined clin-
ical parameters on arrival will be obtained from the 
medical record including symptoms, lifestyle factor signs, 
disease severity, vital parameters, triage at arrival, comor-
bidities, functional status, resident status, prior antibiotics 
prescriptions and medical history.

Other variables from the medical record that will be 
registered are length of stay, readmission, admission 
to intensive care unit, prescribed antibiotic treatment, 
in-hospital mortality, 30-day and 90-day mortality, Clos-
tridium difficile infections and chest X-ray.

Data monitoring
The daily inclusion of participants will be monitored by the 
steering committee and the numbers of inclusion will be 
communicated every week to be emailed to the included 
centres. The primary analysis of data will be performed 
by the project assistants after the last patient has been 
included and all analyses performed. The results will be 
discussed and evaluated first in the steering committee 
and afterwards with all the included departments.

Process auditing
During data collection, an extern assessor will supervise 
the performance of all project assistants and an indepen-
dent radiology expert will ensure data quality. Intraob-
servability on POC-US will be performed each month.

Overall risk for the participants in the randomised 
trial (POC-PCR sputum analysis) is minimal, as sputum 
collection is part of the standard care, and it will not 
affect the following diagnostic work-up. However, the 
POC-PCR results may inform the clinician in a favourable 
way before onset of patient treatment. Any protocol devi-
ation and/or unknown/unexpected adverse event will 
be reported in REDCap, evaluated continuously by the 
steering committee, and reported to the treating physi-
cian and patient.

Statistical analysis and plan
According to the objectives, the study has been divided 
into substudies and for each, the primary and secondary 
outcomes, statistical analysis and sample size are 
presented.

Objective 1: patient characteristics and treatment trajectory
This substudy will include all participants. Patient charac-
teristics associated to verified diagnosis will be presented 
with descriptive results, and logistic univariate and multi-
variate analysis will be carried out for selected risk indi-
cators, including confounders in the final analysis. The 
primary outcome is the diagnosis of CAP and APN deter-
mined by the expert panel reference standard. Secondary 
outcomes are length of stay, 30-day mortality, in-hospital 
mortality, admission to intensive care unit and readmis-
sion to hospital within 30 days from day of discharge.

At least 10 variables have to be analysed, so at least 150 
patients with a particular verified diagnosis are needed 
(50+10 events/variable).

Objective 2: diagnostic and prognostic accuracy of PCT and suPAR
This diagnostic accuracy study will include all partici-
pants. Index tests are the concentration of CRP, PCT 
and suPAR. The expert panel is the reference standard. 
Diagnostic accuracy tests will be performed as primary 
analysis, where the test positive of the reference standard 
is the diagnosis of CAP, and of urinary tract infection. 
Secondary prognostic tests will be performed, using the 
reference standard of 30-day and 90-day mortality, in-hos-
pital mortality, admission to intensive care, readmission 
to hospital within 30 days from day of discharge and 
length of stay.

The test positively cut-offs of the index tests will be 
determined exploratory by performing Youden index 
analysis to estimate the best cut-off. The CRP value will 
be available for the members of the expert panel, but 
the PCT and suPAR will not be available. The reference 
standard results will not be available for the index test 
performers.

A demographic characteristic of the study populations 
will be presented, and the time interval of the labora-
tory analysis of the biomarkers will be reported. Cross-
tabulation of the index test results by the reference 
standard results will be made including missing results, 
and used to determine diagnostic and prognostic accu-
racy expressed as sensitivity, specificity, predictive values 
and likelihood ratios reported with 95% CIs where appro-
priate. Receiver operating characteristic (ROC) anal-
ysis will be performed. Statistical modelling will also be 
performed to explore the effect of combining tests on 
diagnostic accuracy in order to identify the most accurate 
diagnostic strategy.

The study is designed to be able to find a difference in 
area under the curve (AUC) from 0.7 to 0.8 between two 
tests, which requires 200 verified CAP cases and 200 controls 
(power 0.8, alpha 0.05, AUC below 0 hypothesis 0.7) and 150 
verified pyelonephritis cases and 150 controls (power 0.8, 
alpha 0.05, AUC below 0 hypothesis 0.6).42

Objective 3: diagnostic accuracy of POC-UFC on diagnosing and 
excluding bacteriuria
This diagnostic accuracy study will include all participants. 
Index test is the POC-UFC and reference standard is the 
urine culture. The primary outcome is bacteriuria, defined 
as significant growth of any bacteria. A urine culture will 
be considered positive with a cut-off of >1000 CFU/mL for 
uropathogens and >10.000 CFU/mL for others.

A secondary diagnostic test will be performed, where 
the reference standard is the expert panel assessment. 
The outcome is urinary tract infection. The test positive 
of the index test is bacteriuria combined with leucocytes.

The index test results will not be available for the 
performers of the reference standard test. The reference 
standard results will be available after the index test has 
been performed.

A demographic characteristic of the study populations 
will be presented. Cross-tabulation of the index test result 
by the reference standard results will be made including 
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missing results, and used to determine diagnostic accu-
racy expressed as sensitivity, specificity, predictive values 
and likelihood ratios reported with 95% CIs where appro-
priate. ROC analysis will also be performed.

Urine culture shows significant growth of uropathogenic 
bacterium in approximately 50% of people with suspected 
APN.25 Asymptomatic bacteriuria accounts for about 20% 
in the elderly population, depending on gender and age,43 
which among 1000 inpatients suspected of infection, of 
which 15% have APN, gives a sensitivity of 50% (95% CI: 
42% to 58%) and a negative predictive value of 90% (95% 
CI: 77% to 83%). With the expectation of identifying at least 
150 cases of APN among our study population, an improve-
ment in sensitivity to 70% (95% CI: 62% to 77%) and nega-
tive predictive value to 95% (95% CI: 93% to 96%) could be 
found with 95% security.

Objective 4: addition of POC-PCR analysis of sputum to the 
diagnostic set-up for CAP on antibiotic prescribing
This randomised controlled trial will include all partic-
ipants in track A, who had a sputum sample collected. 
Intervention group: sputum samples analysed by POC-
PCR. Control group: routine microbiology analysis. It is a 
superiority randomised trial. Primary outcome is targeted 
versus non-targeted antibiotic treatment prescribed at 4 
hours after admission. Targeted treatment is defined as 
narrow-spectrum antibiotics directed against CAP, antibi-
otics directed against a detected respiratory pathogen or 
no antibiotics (eg, in the absence of a bacterial pathogen 
and/or presence of a viral pathogen) (online supple-
mental appendix VII). Non-targeted treatment is defined 
as broad-spectrum antibiotics not directed against a 
specific pathogen or antibiotics not directed against CAP. 
The analyses will follow the intention-to-treat principle 
and a hierarchical mixed-effects logistic model will be 
used to analyse the primary outcome to accommodate 
the hierarchical structure of the random effect, which 
manifests according to different personnel collecting the 
samples and geographical variation.

Secondary outcomes are length of stay, 30-day 
mortality, in-hospital mortality, admission to intensive 
care unit, readmission to hospital within 30 days from 
day of discharge and antibiotic treatment at 48 hours of 
admission. A reliability analysis for POC-PCR and routine 
culturing will be performed as secondary analysis calcu-
lating the intraclass correlation coefficient.

To achieve a power of 82% for the main analysis, 200 
patients with suspected CAP must be included. To accom-
modate the bias presented by Gail et al,44 the generalised 
mixed-effects models will be adjusted for strong predic-
tors. If the sample size is not sufficient for a generalised 
mixed-effects models, the corresponding univariate anal-
ysis will be conducted.

Objective 5: diagnostic accuracy of POC-US and ULDCT on 
diagnosing CAP
This diagnostic accuracy study will include all participants 
in track A, who had the HRCT performed. Index test is 

the POC-US, ULDCT and chest X-ray. The reference 
standard is HRCT. The primary outcome is inflammatory 
changes in the lungs compatible with CAP.

The index test results will not be available for the 
performers of the reference standard test. The reference 
standard results will be available after the index test has 
been performed.

A demographic characteristic of the study populations 
will be presented. Cross-tabulation of the index test results 
by the reference standard results will be made including 
missing results, and used to determine diagnostic accu-
racy expressed as sensitivity, specificity, predictive values 
and likelihood ratios reported with 95% CIs where appro-
priate. ROC analysis will also be performed.

It is assumed that the reference standard will find 98% 
of the patients and index test 90%. With a power of 80%, 
at least 132 patients with verified CAP should be included 
(one-sided McNemar test).

Objective 6: diagnostic accuracy of CEUS on diagnosing APN
This diagnostic accuracy study will include all participants 
in track B, who had both the CEUS and MRI performed. 
Index test is the CEUS and reference standard is MRI. 
The primary outcome is the presence of renal inflam-
matory changes compatible with APN. The reference 
standard will be described by an expert radiologist, who 
before describing will be informed of some standardised 
clinical and paraclinical parameters (eg, fever, CRP, flank 
pain and relevant comorbidity), but will be blinded to the 
results of the other imaging investigations. The CEUS will 
be conducted and described by a consultant radiologist. 
The scans will be post-process evaluated in the software 
VueBox. Each kidney is divided into an upper, middle 
and lower part for each, and these regions are compared 
in the evaluation of diagnostic agreement.

The index test results will not be available for refer-
ence standard performer and describer. The reference 
standard results will not be available for the index test 
performers.

A demographic characteristic of the study populations 
will be presented, and the time interval of the two scans 
will be reported. Cross-tabulation of the index test result 
by the reference standard results will be made including 
missing results, and used to determine diagnostic accu-
racy expressed as sensitivity, specificity, predictive values 
and likelihood ratios reported with 95% CIs where appro-
priate. ROC analysis will also be performed.

It is assumed that the reference standard finds 98% of 
patients and index test 90%. With a power of 80%, at least 
132 patients must be included (one-sided McNemar test).

Objective 7: diagnostic accuracy of POC-US in diagnosing 
hydronephrosis in patients suspected of APN
This diagnostic accuracy study will include all participants 
in track B, who had both the POC-US and MRI success-
fully conducted. Index test is the POC-US and reference 
standard is MRI. The primary outcome is the presence of 
hydronephrosis. The reference standard is described by 
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an expert radiologist. The POC-US will be evaluated by 
the executive study assistants.

The index test results will not be available for reference 
standard evaluator. The reference standard results will 
not be available for the index test performers.

A demographic characteristic of the study populations 
will be presented, and the time interval of the two scans 
will be reported. Cross-tabulation of the index test result 
by the reference standard results will be made including 
missing results, and used to determine diagnostic accu-
racy expressed as sensitivity, specificity, predictive values 
and likelihood ratios reported with 95% CIs where appro-
priate. ROC analysis will also be performed.

It is assumed that the reference standard finds 98% of 
patients and index test 90%. With a power of 80%, at least 
132 patients must be included (one-sided McNemar test).

Applicable to all substudies
Annually, 5.7% of patients admitted to an ED are diag-
nosed with CAP and 2.4% with APNs (data from the ED at 
Hospital Sønderjylland). Taking into account exclusion 
criteria, weekends/holidays/missing data, and experi-
ence in patient recruitment, it is estimated that at least 
1000 patients admitted with suspected infection must be 
included in the study, of which at least 200 patients will 
be diagnosed with pneumonia and at least 150 patients 
with APN.

No interim analysis will be made. Non-participant anal-
ysis is performed. For missing data, multiple imputation 
is used. Any dropout during the study and the reason will 
be reported. It is anticipated that once the patients have 
consented, the dropout rate will be minimal.

ETHICS AND DISSEMINATION
The project was approved by the Regional Commit-
tees on Health Research Ethics for Southern Denmark 
(S-20200188), registered by the Danish Data Protection 
Agency (no. 20/60508) and by ​clinicaltrials.​gov. Regis-
tration date was November–December 2020. Signed 
informed consent will be obtained from all participants 
after information of the project has been given both in 
writing and orally.

Participation in track A will contain additional imaging. 
Patients under the age of 40 years are therefore excluded 
from the CT due to the extra risk of developing cancer 
from the radiation. A local hospital physicist has helped 
with the following calculations: a typical HRCT gives a 
radiation dose of approximately 2.2 mSv which corre-
sponds to a cancer risk of 1:9100. An X-ray gives a radia-
tion dose of approximately 0.06 mSv which corresponds 
to a cancer risk of 1:333330. A ULDCT gives a radiation 
dose of approximately 0.1 mSv which corresponds to a 
cancer risk of 1:200000. Participation in track A gives 
each participant approximately 2.26 mSv (ULDCT and 
HRCT) which corresponds to a cancer risk of 1:8850.45–48 
The examination time of ULDCT and HRCT is approxi-
mately 10 min.

Use of US contrast in rare cases causes allergic reac-
tions; less than 1/10.000 exponents require medical treat-
ment due to allergic reaction.49 The examination time of 
advanced US is approximately 20 min.

MRI does not provide any radiation dose to the patients 
and is without intravenous contrast. The examination 
time is approximately 45 min, which is aligned with 
normal MRI examination time.

Overall, risks related to participation in the study are 
considered minimal, and furthermore, chances are that 
the additional diagnostic imaging will inform the clinician 
in a favourable way before the onset of patient treatment.

The treating staff informs the patients about relevant 
test results. All medical records including laboratory and 
imaging can be assessed by the patient via the Danish 
public healthcare web portal (​www.​sundhed.​dk).

Protocol amendments
Important protocol modifications like changes in eligi-
bility criteria or outcome will be communicated to the 
relevant parties, that is, sponsor, trial registry and scien-
tific ethical committee, and explicitly described in future 
publications.

Dissemination policy
The results of the study will be presented in English peer-
reviewed recognised scientific journals. The results of the 
project will also be disseminated through participation 
in academic and other conferences, as well as through 
the printed and electronic press. The author panel will 
include the steering committee, project assistants and 
local coordinators in accordance with the Vancouver 
criteria. No professional writers will be used. Positive, 
negative and inconclusive results will be published. Diag-
nostic accuracy studies will follow the STAndards for the 
Reporting Diagnostic accuracy studies,50 cross-sectional 
studies will follow the guidelines for Strengthening the 
Reporting of Observational Studies in Epidemiology,51 
and randomised studies will follow the Consolidated Stan-
dards of Reporting Trials.52

Access to data
Only the members of the steering committee and project 
assistants will have access to the final trial dataset. Other 
researchers may be granted access to the anonymised data 
for analysis on reasonable request to the corresponding 
authors.

DISCUSSION
COVID-19 and the consequent societal lockdown might 
affect trial recruitment and patient distribution. This 
might lead to an extended recruitment period, as patients 
suspected of an infection not related to COVID-19 may 
be admitted to other departments than the ED, so the 
ED will be able to handle the many patients with COVID-
19. The lockdown may also reduce the number of infec-
tions in the society, so fewer patients will visit the hospital, 
and the distribution of the infections might differ since, 
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for example, the airborne-transmitted infections will be 
reduced. This challenge will, especially substudy 1, be 
aware of when presenting the results.

After completion of the study, a novel diagnostic algo-
rithm will be developed. Subsequently, the plan is to 
test the algorithm in a national setting including at least 
eight EDs. The results can be implemented in daily work 
and routines. The study will also be able to characterise 
the patients, who are diagnosed at the ED with an infec-
tion of unknown origin and prescribed broad-spectrum 
antibiotics.

The study is only generalisable to settings where appro-
priately trained staff and equipment can perform POC-
US, and well-resourced settings where a rapid POC-PCR 
and POC-UFC service is available.

The results of the study will have both national and inter-
national interest, as the challenges are common and the 
solutions can easily be applied in hospitals with a similar 
technological context. Securing rapid and reliable diag-
nosis of two of the most common infections diagnosed in 
the ED will encourage the reduction of broad-spectrum 
antibiotics and thereby the development of multiresistant 
bacteria.
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