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ABSTRACT

Objective Rapid and accurate infection diagnosis is a
prerequisite for appropriate antibiotic prescriptions in

an ED. Accurately diagnosing acute infections can be
difficult due to nonspecific symptoms and limitations of
diagnostic testing. The accuracy of preliminary diagnoses,
established on the initial clinical assessment, depends on
a physician’s skills and knowledge. It has been scarcely
studied, and knowledge of how infected patients present
at EDs today is needed to improve it. Based on expert
reference diagnoses and a current ED population, this
study aimed to characterise adults presenting at EDs with
suspected infection to distinguish between infections

and non-infections and to investigate the accuracy of the
preliminary infection diagnoses.

Design This study was multicentre with a design that
combined a cross-sectional study and a diagnostic study
with a prospective enrolment.

Setting Multicenter study including EDs at three Danish
hospitals.

Participants Adults admitted with a preliminary diagnosis
of an infectious disease.

Outcome measures Data were collected from medical
records and participant interviews. The primary outcome
was the reference diagnosis made by two medical experts
on chart review. Univariate logistic regression analysis was
performed to identify factors associated with infectious
diseases.

Results We included 954 patients initially suspected of

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The reference diagnosis was assigned to an expert
panel instead of relying on the diagnostic code reg-
istered in the medical record.

= A pragmatic approach was chosen to evaluate real-
life conditions.

= Only mentally competent patients able to consent
were included in this study, so the results can only
be generalised to this group of patients.

= Patients with infectious diseases that were over-
looked by the ED physician during the primary in-
vestigations were missed.

preliminary infection diagnoses was 87% for CAP, 74% for
UTl and 77% for other infections.

Conclusions Four out of five patients with a preliminary
infection diagnosis, established on initial clinical
assessment, were ultimately confirmed to have an
infectious disease. The main infections included CAP,

UTI with systemic symptoms and cellulitis. Physicians’
preliminary infection diagnoses were moderately in
accordance with the reference diagnoses.

Trial registration number NCT04661085, NCT04681963,
NCT04667195.

INTRODUCTION
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having an infection, with 81% later having an infectious
disease confirmed by experts. Parameters correlating
to infection were fever, feeling unwell, male sex, high

Antimicrobial resistance is rising as a conse-
quence of increasing and inappropriate use of

commercial re-use. See rights
and permissions. Published by

EMJ' vered affiati C-reactive protein, symptoms onset within 3 days, high antibiotics, m?_limg itan }Jrgent glObal,p,u b,l 1
s, eSS heart rate, low oxygen saturation and abnorml values of health threat.™ Appropriate use of antibiotics
end ot articte. neutrophilocytes and leucocytes. The three main conditions 11 hospitals requires rapid and accurate infec-
Correspondence to were community-acquired pneumonia (CAP) (34%), tion diagnosis. Diagnostic errors are a known

urinary tract infection (UTI) with systemic symptoms (21%)
and cellulitis (10%). The sensitivity of the physician’s

patient safety concern in the EDs, and correct
preliminary diagnoses can speed up the
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diagnosis.” However, incorrect diagnoses can have nega-
tive consequences on patient outcomes such as prolonged
hospital stay, increased intensive care unit (ICU) admissions
and increased mortality.®” Accurate preliminary diagnoses
are therefore crucial for avoiding delays in diagnosing and
treating infectious diseases.® Typically, an emergency physi-
cian establishes a preliminary diagnosis immediately after
an initial clinical assessment. The suspected origin of infec-
tion guides the subsequent diagnostic work-up.

For decades, respiratory and urinary tract infections
have been the most common infections among hospital-
ised patients.”'” Knowledge of the characteristics of these
patients is based on older studies that may not apply to
the current ageing population with increased comor-
bidity and use of immunomodulating treatments.

Severity scores to predict clinical deterioration and
mortality in patients with suspected infection'' and iden-
tifying sepsis'® exist. However, to a large degree, the
diagnostic accuracy of general infections in the ED still
depends on the physician’s skills and knowledge."* Older
patients pose substantial diagnostic challenges because
of the frequent absence of typical signs and symptoms
and the familiar presence of chronic bacterial colonisa-
tion.'"*"® Diagnosis is further complicated by inaccurate
diagnostic tests and delayed test results.'"®* Therefore,
this subpopulation is often over- or underdiagnosed.'®****
Determining the extent of misdiagnosis requires a well-
established and validated reference diagnosis, which may
not always be feasible in studies that rely on discharge
diagnoses from registers.

Improving diagnostic accuracy requires a multifaceted
approach, such as studies focusing on diagnostics using
symptom- and disease-oriented designs. In addition, new
systems such as checklists and computer-based clinical
decision support have been suggested as valuable tools to
help decrease harm from diagnostic errors.”” Identifying
specific factors from knowledge of patient history, clinical
examination and basic laboratory tests will help improve
the diagnostic accuracy.

This study aimed to characterise adults suspected of
an infectious disease on arrival to an ED, to distinguish
between infection and non-infection and to investigate
the accuracy of the preliminary infection diagnoses using
an expert panel. The objectives were (I) to describe
the distribution of infection diagnoses among patients
suspected of infection, (II) to evaluate the accuracy of
the emergency physician’s ability to identify the correct
origin of infection preliminarily, (III) to identify which
factors (symptoms, comorbidities and clinical findings)
have the highest correlation with infection diagnoses
among patients suspected of infection and (IV) to inves-
tigate the difference in treatment trajectories for patients
suspected of infection.

METHOD

Study design

This pragmatic multicentre study, with prospective data
collection, combined a cross-sectional study design and

a diagnostic study design. It was part of the larger multi-
faceted diagnostic stewardship project INDEED (Infec-
tious Diseases in Emergency Departments),”® aiming to
improve the diagnosis of infectious diseases in the ED.
The INDEED study protocol was published before patient
enrolment.”’

Regional Committees on Health Research Ethics for
Southern Denmark approved the study (S-20200188),
and the Region of Southern Denmark approved the
processing of personal data (no. 20/60508).

The manuscript was reported in accordance with the
STrengthening the Reporting of OBservational studies in
Epidemiology statement®” and conducted in agreement
with the Declaration of Helsinki’s statement of ethical
principles for medical research involving human subjects.

Setting

The study recruited acute medical patients from the EDs at
three Danish hospitals (Hospital Sgnderjylland, Lillebzelt
Hospital and Odense University Hospital) serving a catch-
ment area of approximately 775000 citizens from rural
and urban areas and are part of Denmark’s tax-funded
universal healthcare system. In Denmark, patients are
typically admitted to the ED for up to 24 hours before
discharge to other wards or homes. There are no private
hospitals with ED in Denmark.

The population was a convenience sample with recruit-
ment between March 2021 and February 2022, 8a.m.-8
p-m. on weekdays, by six study staff with healthcare educa-
tions (three physicians, one physiotherapist and two final-
year medical students).

Population

Participants were adults aged 18 or older presenting to a
medical ED. Patients were eligible if the receiving emer-
gency physician suspected infection on an initial clinical
assessment based on symptoms, vital signs, history and
clinical examination. The project staff invited eligible
patients to participate.

Patients were excluded if the treating physician consid-
ered that participation would delay urgent, vital treat-
ment, if they were severely immunocompromised (see
the protocol for further elaboration),”® not mentally
competent (ie, not able to understand or make decisions
because of the mental condition), unable to read and
speak Danish or had been admitted to hospital within the
last 14 days to avoid inclusion of patients with hospital-
acquired infections. Since this study aimed at identifying
an average ED population outside a pandemic, patients
who had tested positive for SARS-CoV-2 within the
previous 14 days were also excluded. Verbal and written
consent was obtained. Further eligibility information is
available from the published protocol.*®

Variables, data assessment and outcomes

Study staff interviewed the emergency physician on
patient enrolment, and the most likely infection assigned
by the treating emergency physician (preliminary origin
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of infection) was registered: community-acquired pneu-
monia (CAP), urinary tract infection or other/unknown
infection.

The included patients were interviewed imme-
diately by the study staff, who used a detailed stan-
dardised collection tool developed for the study.
Before use, the tool was tested in the ED and adapted
so that collection was uniform across study staff and
departments. Variables collected were basic activities
of daily living (ADL) dependencies (eating, bathing,
dressing, toileting, transferring and moving around)**
as indicators of a person’s functional status, living at a
nursing home, prior pneumonia, prior cellulitis, prior
urinary tract infection (UTI), onset and current symp-
toms such as feeling unwell, tired, fever/sensation of
fever (feeling of fever such as night sweats and chills)
at home, peripheral oedema, central nervous system
symptoms (headache, dizziness or confusion), gastro-
intestinal symptoms (nausea, vomiting, diarrhoea,
constipation or stomach pain), respiratory symptoms
(dyspnoea, respiratory tract secretion, cough or having
a cold), urinary tract symptoms (frequent urination,
pain during urination, urine retention/incontinence,
change of urine (appearance or smell) and muscu-
loskeletal symptoms (myalgia and back pain). The
number of days since the onset of symptoms was also
noted as this information is used by the clinician to
assess the stage of development and severity of many
infections. The symptoms were chosen based on symp-
toms typically expressed by the patient on arrival, and
all variables were selected in collaboration with the
ED staff and based on existing literature. The vari-
ables were collected to investigate their correlation to
the infection diagnosis.

From the medical record, the study staff noted the
five-level Danish Emergency Process Triage assigned
on arrival (a Danish adaption and modification of the
Adaptive Process Triage,” available vital signs that can
be affected by infection (respiratory frequency, heart
rate, oxygen saturation, blood pressure, ear tempera-
ture), results of initial blood tests (level of C-reactive
protein, leucocytes, neutrophilocytes, creatinine, bili-
rubin and platelets), current medications and comor-
bidities (neurological diseases, pulmonary diseases
including chronic obstructive pulmonary disease,
endocrinological diseases including diabetes, chronic
kidney diseases, cardiovascular diseases including
ischaemic heart disease and cardiac heart failure,
gastrointestinal diseases and if a urinary catheter was
present).

The primary outcome was the reference diagnosis,
as assessed retrospectively by two medical experts:
a specialist in infectious diseases and an emergency
medicine specialist. Both experts had considerable
experience in acute infections. Each patient file was
assessed individually by both experts, and the two
experts were blinded to each other. The experts' diag-
noses were based on all available information within

the first week after enrolment. They included access
to the medical records (patient history, clinical exam-
ination, all laboratory results and diagnostic imaging).
The experts registered the presence and location of
the infection. No checklists or diagnostic criteria were
applied. The experts were blinded to each other’s
diagnosis. They were only able to see if they agreed on
the diagnosis. In case of disagreement, they contacted
each other by phone and discussed the patient until
consensus was reached. The number of disagreements
was not calculated in this study. Eight experts were
connected to the study. The template describing the
expert panel assessment can be found in the appendix
of the protocol.*®

The secondary outcomes—measuring the treat-
ment trajectories: transfer to intensive care during
current admission, readmission within 30 days,
mortality within 30 days and length of hospital stay
(LOS)—were assessed from the medical record by
the project staff during follow-up at 30 days and 90
days.

All data were registered electronically in real-time
using the Research Electronic Data Capture (RedCap
version 10.8.3 to version 12.2.1 by Vanderbilt Univer-
sity) software.”

Statistical method

Descriptive statistics for the characteristics of the
patients were presented as means and SD, or medians
and IQR for continuous variables and numbers (n)
and percentages (%) for categorical variables.

Univariate logistic regression analysis was performed
to identify factors correlating with infection. Cut-offs
for blood samples and vital parameters were chosen
based on what is routinely applied in Danish hospi-
tals. The duration of symptoms was used to divide
patients into two groups: symptom duration of less
than 3 days and symptom duration of 3 days or above.
This threshold was selected as inflammation usually
escalates during the first 2 days of infection.”" ** Multi-
variate analyses would have been possible but deemed
out of scope for this study.

To investigate differences in treatment trajecto-
ries, negative binomial regression was performed for
LOS, and univariate logistic regression analysis was
conducted to analyse intensive care during current
admission, readmission within 30 days and mortality
within 30 days. Results were reported with OR or inci-
dence rate ratio, 95% CI and p values.

The accuracy of the emergency physician’s ability
to identify the preliminary origin of infection among
patients with suspected infection (index test) was
assessed by estimating the sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive value
(NPV) and likelihood ratio (LR). The reference stan-
dard was the reference diagnosis registered by the
expert panel (primary outcome).
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patients, n=1.231 (56.0%)

[ Patients assessed for eligibility, n=2.197 ] - Not mentally competent, n=266
- Ads within last 14 days, n=238
- SARS-CoV-2 positive test before enrollment, n=238
- Severe immunodeficiencies, n=207
r \ - Declined to participate,n=118
Patients enrolled, n=966 (44.0%) - Language barrier, n=45
- Suspected respiratory infection, n=411 (42.6%) - Urgent vital (reat{ne‘m ",EEdEd‘ n=45
- Suspected urinary tract infection, n=229 (23.7%) - Project capacity limitation, n=45
L - Other suspected infection or unknown focus, n=326 (33.8%) ) - Other reasons, n=29
Patients excluded from study analysis, n = 12
y - SARS-CoV-2 positive test after enrollment, n=12
N\
( Patients included in study analysis, n=954 (98.8%)
- Suspected respiratory infection, n=402 (42.1%)
- Suspected urinary tract infection, n=229 (24.0%)
- Other suspected infection or unknown focus, n=323 (33.9%)

/\

Patients with verified infectious diagnosis, n=777 (81.4%)
- Suspected respiratory infection, n=330 (42.5%)
- Suspected urinary tract infection, n=194 (25.0%)
- Other suspected infection or unknown focus, n=253 (32.6%)

Patients with no infectious diagnosis, n = 177 (18.6%)

- Suspected respiratory infection, n=72 (40.7%)

- Suspected urinary tract infection, n=35 (19.8%)

- Other suspected infection or unknown focus, n=70 (39.5%)

/W

Respiratory infections, n=314 (40.4%)
- CAP, n=265 (34.1%)

Unspecified, n=252

Viral, n=7

Other, n=6

- COPD exacerbation, n=35 (4.5%)

- Upper respiratory infection, n=7 (0.9%)
- Acute bronchitis, n=6 (0.7%)

- Other, n=1(0.1%)

No further elaboration, n=50
Pyelonephritis, n=44
Urosepsis, n=66

Other, n=2

Urinary tract infections, n=201 (25.9%)
- with systemic symptoms, n=162 (20.8%)

- without systemic symptoms, n=39 (5.0%)

Other infections, n = 262 (33.7%)
- Cellulitis , n=77 (9.9%)

- Unknown, n=61 (7.9%)

- Other, n=46 (6.3%)

- Gatroenteritis, n=27 (3.5%)

- Viral diseases, n=10 (1.3%)

- Tonsillitis, n=7 (0.9%)

- Soft tissue abscess, n=7 (0.9%)
- Cholecystitis, n=7 (0.9%)

- Endocarditis, n=5 (0.6%)

- Meningitis, n=5 (0.6%)

- Divertikulitis, n=5 (0.6%)

- Herpes zoster, n=5 (0.6%)

Figure 1 Patient flow.

All statistical analyses were completed using Stata
(StataCorp. 2021. Stata Statistical Software: Release
17. College Station, TX, USA: StataCorp LLC).

RESULTS

Patient flow

We identified 2197 eligible patients; of these 966 patients
(44.0%) were included in the study (figure 1). After
enrolment, 12 patients were diagnosed with SARS-CoV-2
and excluded from the study analysis. We found no
differences in sex or age between the final 954 included
patients and the 1243 excluded patients.

Distribution of infectious diagnoses

Of the 954 included patients, 777 (81.4%) had an infec-
tion diagnosis, according to the expert assessment. The
three main diagnoses were CAP (265 patients, 34.1%),
UTI with systemic symptoms (162 patients, 20.8%)
and cellulitis (77 patients, 9.9%). Among patients with
an infection diagnosis, 61 (7.9%) had an infection of
unknown origin. The distribution of the diagnoses can be
seen in figure 1.

The diagnoses of patients without infection were very
heterogeneous. The main disease groups were (presented
according to ICD-10 chapters): ‘symptoms, signs and
abnormal clinical and laboratory findings, not elsewhere
classified’ (60 patients, 34%), diseases of the respiratory
system (28 patients, 16%), ‘diseases of the musculoskel-
etal system and connective tissue’ (20 patients, 11%),
‘diseases of the circulatory system’ (15 patients, 9%) and
‘diseases of the digestive system’ (12 patients, 7%).

Accuracy

Table 1 shows the diagnostic accuracy of the physician’s
ability to identify the origin of infection preliminarily. The
sensitivity was highest for CAP (86.5%, Cl: 84.8 to 89.1)
and lowest for UTIs (74.1%, Cl: 71.4 to 76.9). Conversely,
for specificity the highest value was for UTIs (89.4%, Cl:
87.4-91.3) and lowest for CAP (79.8%, Cl: 77.3-82.4).
PPVs were between 57.0 and 65.1%, while all NPVs were
above 90%. LR for positive test results (LR+) were highest
for UTIs (7.0 (5.6-8.7)), while LR for negative test results
(LR-) were lowest for CAP (0.18 (0.13-0.25)).

Characteristics and identification of factors associated with
an infectious diagnosis

The characteristics of patients with and without infection
diagnoses are listed in table 2. There were no significant
differences in triage, comorbidities and age (median
age was 74 (IQR 61-81) for patients with infection diag-
noses and 71 (IQR 55-80) for patients without infection
diagnoses).

A significantly larger proportion of patients with infec-
tion diagnoses were men (55.5%, OD: 1.4 (1.0-2.0)), had
a sensation of fever or measured fever at home (71.1% vs
50.0%, OD: 2.5 (1.8-3.4)), felt unwell (63.0% vs 53.3%,
OD: 1.5 (1.1-2.1)) and had gastrointestinal symptoms
(72.1% vs 61.8%, OD: 1.6 (1.1-2.3)). No difference was
observed in the typical pulmonary and urinary symptoms
between those with and without infection diagnoses. The
median time between the symptom onset and hospitalisa-
tion was 4 (IQR 2-8) and 7 (IQR 3-12) days for patients
with and without infectious diagnoses, respectively. The
time between symptom onset and hospitalisation is
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Table 1 Diagnostic accuracy of the emergency physician’s ability to preliminarily identify the origin of infection if infection was
suspected
Preliminary
origin of LR+ LR- Sensitivity Specificity PPV NPV
infection TP FP FN TN (95%CI)  (95%Cl) % (95%Cl) % (95%Cl) % (95%Cl) % (95% Cl)
CAP 229 173 36 516 34 0.18 86.4 74.9 57.0 93.5
(3.0-4.0) (0.13.0.25) (81.7-90.3  (71.5-78.1)  (53.8-60.1)  (91.9-95.0)
Urinary tract 149 80 52 673 7.0 0.29 741 89.4 65.1 92.8
infection (5.6-8.7)  (0.23-0.37)  (71.4-76.9)  (87.4-91.3)  (62.0-68.1)  (91.2-94.5)
Other/ 201 122 61 570 4.6 0.28 76.7 82.4 62.2 90.3
unknown (3.7-5.2)  (0.23-0.35)  (74.0-79.4)  (80.0-84.8)  (59.2-65.3)  (88.5-92.2)
infections

CAP, Community-acquired pneumonia; FN, False Negative; FP, False Positive; LR+, Likelihood ratio for positive test results; LR-,
Likelihood ratio for negative test results; NPV, Negative Predictive value; PPV, Positive predictive value; TN, True negative; TP, True

positive.

illustrated in figure 2, indicating no significant differ-
ences in the distribution of symptoms days, except for an
increase in the first 2days for patients diagnosed with an
infection—the peaks at day 7 and 14 correspond to weeks
1 and 2, respectively.

In patients with an infection diagnosis compared with
patients without infection diagnosis, the heart rate was
significantly higher (50.0% vs 35.0%, OD: 1.9 (1.3-2.6);
>90 beats/min), oxygen saturation was significantly lower
(44.2% vs 29.0%, OD: 1.9 (1.4-2.8); <96), fever (>38°C)
was significantly more frequent (28.5% vs 7,4%, OD:
5.0 (2.8-9.0)), CRP level was significant higher (56.6%
vs 15.3%, OD: 15.3 (9.5-24.7); CRP >100mg/L) and
leucocyte (75.4% vs 47.5%, OD 3.4 (2.4-4.8) values
were <3.5and >8.8 10° /L) and neutrophilocyte (64.9%
vs 28.6%, OD: 4.6 (3.2-6.6) values <1.5and >7.5 10° /L)
were significantly more abnormal. The mean CRP value
was 134.0ng/L (SD 102.1ng/L) for patients with infec-
tion diagnoses and 46.7ng/L (SD 65.8ng/mL) for
patients without infection diagnoses. It was observed that
13.0% of the patients with an infectious diagnosis had a
low CRP level (<20mg/L). Of the patients with infection,
15.3% had a high CRP level (2100mg/L). The reference
diagnoses of these patients were very heterogeneous.

Treatment trajectories

Table 3 lists the treatment trajectories for patients with and
without an infection diagnoses. No significant differences
were observed in readmission, mortality and transfer to
the ICU. LOS was higher for patients diagnosed with an
infection (median of 3 days (IQR 1-6) vs 1day (IQR 0-4).

DISCUSSION

Four out of five patients with suspected infection had a
reference diagnosis of infectious diseases. The three main
conditions were CAP (32%), UTI with systemic symptoms
(21%) and cellulitis (10%). The physician’s ability to
identify the origin of infection preliminarily was equiva-
lent to good accuracy. Factors correlating with infection
diagnosis were male sex, CRP level 221 mg/L), heart rate

>90 beats/min, oxygen saturation <96, time between ED
visit and symptom onset below 3 days, abnormal values of
neutrophilocytes and leukocytes, feeling unwell, sensa-
tion of fever or fever measured at home, and fever >38°C.
There was no significant difference in treatment trajecto-
ries, except for LOS, where patients not diagnosed with
an infection were discharged faster (3 days vs 1day).

Our results support older findings that CAP and UTIs
are the most common infection diagnoses in ED popula-
tions and, together with cellulitis, encompass two-thirds of
all ED infectious disease diagnoses.” ** Our study shows
that when an ED physician suspects an infection, the
probability that the patient has an infection is high even
before the physician accesses any investigations or labora-
tory results. The preliminary origin of infection was also
often diagnosed correctly, showing that the physicians’
preliminary suspicion benefits clinical practice. The high
NPVs and the lower PPVs indicate that the probability of
identifying patient with the right preliminary origin of
infection was lower than ruling out the infection in ques-
tion. The sensitivity was highest for CAP illustrating that
it is easier for the physician to preliminary identify CAP
patients compared with, for example, UTI patients. On
the other hand, the higher specificity for UTI patients
shows that the physicians have a high ability to rule out
UTTL. In contrast, an American study®* demonstrated poor
sensitivity of the ED physicians to diagnose an infection
and the type of infection when comparing to inhospital
physician diagnosis. However, they included only patients
above 65 years of age (no median age was specified), who
often lack typical symptoms and signs.” Another Amer-
ican study also found low sensitivity for identifying acute
bacterial infections in elderly patients and concluded that
infections are often under- or overdiagnosed by the ED
physicians.”* A French study reported a similar accuracy
level to our study when investigating acute respiratory
failure in older patients using an expert panel as refer-
ence standard.”® A Dutch study reported a high level of
diagnostic agreement for patient with infectious diseases
when comparing prehospital preliminary diagnosis with
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Table 2 Characteristics of patients suspected of infection and the association with the experts’ reference diagnosis

.Suspe_cted !Vlissing i Ir!fection N.° infection ::’::;;(:Irai;i; nanalysis)
infection (total) information diagnose diagnoses
n=954 n (% of 954) n=777 n=177 OR (95% CI) P value
Demographic data
Age group, n (%) 0 (0)
18-40 83 (8.7) 63 (8.1) 20 (11.3) ref
41-60 167 (17.5) 131 (16.9) 36 (20.3) 2 (0.6t02.2) 0.65
61-70 165 (17.3) 135 (17.4) 30 (16.9) 4 (0.8t02.7) 0.28
71-80 286 (30.0) 236 (30.4) 50 (28.2) 5(0.8t02.7) 0.18
>81 253 (26.5) 212 (27.3) (23.2) 1.6 (0.9 to 3.0) 0.11
Male, n (%) 513 (53.8) 0(0) 431 (55.5) (46.3) 1.4 (1.0 to 2.0) 0.03
Nursing home resident, n (%) 69 (7.0) 13 (1.4) 55(7.2) 1(6.3) 1.2 (0.6 t0 2.3) 0.68
ADL dependency*, n (%) 260 (28.0) 25 (2.6) 215 (28.5) 45 (25.9) 1.1(0.8t0 1.7) 0.49
Polypharmacy (>5 medications), n (%) 544 (57.0) 0 (0) 450 (57.9) 94 (53.1) 1.2(0.9t01.7) 0.24
Comorbidities
Neurological diseases, n (%) 172 (18.0) 0 (0) 133 (17.1) 39 (22.0) 7(0.5t01.1) 0.13
Pulmonary diseases, n (%) 269 (28.2) 0(0) 223 (28.7) 46 (26.0) 1(0.8t01.7) 0.47
COPD, n (%) 190 (19.9) 0(0) 159 (20.5) 31 (17.5) 2(0.8t01.9) 0.38
Endocrinological diseases, n (%) 296 (31.0) 0 (0) 241 (31.0) 55 (31.1) 1.0 (0.7 to 1.4) 0.99
Diabetes mellitus II, n (%) 160 (16.8) 0(0) 131 (16.9) 29 (16.4) 1.0 (0.7 to 1.6) 0.88
Chronic kidney diseases, n (%) 59 (6.2) 0 (0) 50 (6.4) 9 (5.1) 1.3(0.6t02.7) 0.50
Urinary catheter, n (%) 62 (6.5) 0 (0) 55 (7.1) 7 (4.0 1.9(0.8to 4.1) 0.13
Ischaemic heart disease, n (%) 134 (14.0) 0 (0) 108 (13.9) 26 (14.7) 0.9 (0.6 to 1.5) 0.79
Cardiac heart failure, n (%) 58 (6.1) 0(0) 52 (6.7) 6 (3.4) 2.0(0.9t0 4.8) 0.10
Gastrointestinal, n (%) 100 (10.5) 0(0) 80 (10.3) 20 (11.3) 0.9 (0.5t0 1.5) 0.69
Rheumatic diseases, n(%) 118 (12.4) 0 (0) 97 (12.5) 1(11.9) 1(0.6t01.8) 0.8
Prior pneumonia, n (%) 444 (52.0) 100 (10.5) 368 (53.6) 6 (45.2) 4 (1.0t0 2.0) 0.05
Prior cellulitis, n (%) 123 (14.5) 106 (11.1) 104 (15.2) 9(11.4) 4(0.8t02.3) 0.61
Prior urine tract infection, n (%) 467 (53.6) 83 (8.7) 376 (53.6) 1 (53.5) 0 (0.7 to 1.4) 0.98
Subjective symptoms (current at admission and start of onset within the last 14 days)
Feeling unwell, n (%) 559 (61.2) 41 (4.3%) 469 (63.0) 90 (53.3) 1.5 (1.1 to 2.1) 0.02
Tired, n (%) 657 (72.6) 49 (5.1%) 543 (73.8) 114 (67.5) 1.4 (0.9t0 1.9) 0.10
Fever/sensation of fever at home, n (%) 612 (67.1) 42 (4.4%) 526 (71.1) 86 (50.0) 2.5(1.8t0 3.4) 0.00
Peripheral oedema, n (%) 79 (8.6) 40 (4.2%) 60 (8.1) 19 (11.0) 0.7 (0.4t0 1.2) 0.22
Cerebral, n (%) 570 (62.2) 37 (3.9%) 472 (63.3) 98 (57.3) 1.3(0.9t0 1.8) 0.15
Gastrointestinal, n (%) 643 (70.2) 38 (4.0%) 536 (72.1) 107 (61.8) 1.6 (1.1 to 2.3) 0.01
Respiratory, n (%) 533 (58.3) 39 (4.1%) 439 (59.2) 94 (54.3) 1.2(0.9t0 1.7) 0.25
Urinary tract, n (%) 342 (37.5) 42 (4.4%) 289 (39.0) 3 (31.0) 1.4 (1.0t0 2.0) 0.05
Musculoskeletal, n (%) 344 (37.8) 44 (4.6%) 277 (37.5) 67 (39.2) 0.9 (0.7t0 1.3) 0.68
Time to symptom onset<3days 240 (25.2) 0 (0%) 209 (26.9) 1(17.5) 1.7 (1.1 to 2.6) 0.01
Severity assessment and vital parameters
Triage, n (%) 59 (6.2%)
Resuscitation and emergent 233 (26.0) 192 (26.4) 41 (24.4) ref
Urgent 479 (53.5) 392 (53.9) 87 (51.8) 1.0 (0.6 to 1.5) 0.85
Less and non-urgent 183 (20.4) 143 (19.7) 40 (23.8) 0.8(0.5t01.2) 0.28
Respiratory rate>22/min, n (%) 274 (28.9) 5 (0.5%) 226 (29.3) 48 (27.1) 1.1 (0.8 to 1.6) 0.57
Heart rate >90 beats/min, n (%) 450 (47.2) 1(0.1%) 388 (50.0) 62 (35.0) 1.9 (1.3 to 2.6) 0.00
Oxygen saturation <96, n (%) 393 (41.4) 4 (0.4%) 342 (44.2) 51 (29.0) 1.9 (1.4 to 2.8) 0.00
Systolic blood pressure <100, n (%) 62 (6.5) 3 (0.3%) 56 (7.2) 6 (3.4) 2.2(0.9t05.2) 0.07
Fever>38°Ct, n (%) 233 (24.6) 5 (0.5%) 220 (28.5) 13 (7.4) 5.0 (2.8 t0 9.0) 0.00
Continued
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Table 2 Continued

§uspe_cted !Vlissing ) Ir!fection N_o infection z(:i‘r,e;::; nanalysis)
infection (total) information diagnose diagnoses
n=954 n (% of 954) n=777 n=177 OR (95% ClI) P value
Initial blood tests
C-reactive protein, n (%) 0 (0%)
Low <20mg/L 196 (20.5) 101 (13.0) 95 (53.7) ref
Moderate 21-99mg/L 291 (30.5) 236 (30.4) 55 (31.1) 4.0 (2.7 t0 6.1) 0.00
High >100mg/L 467 (49.0) 440 (56.6) 27 (15.3) 15.3 (9.5 to 24.7) 0.00
Leucocytes 10°/L: < 3.5and > 8.8, n (%) 670 (70.2) 0 (0%) 586 (75.4) 84 (47.5) 3.4 (2.41t0 4.8) 0.00
Neutrophilocytes 10°/L: < 1.5and >7.5, n (%) 549 (58.2) 10 (1.1%) 499 (64.9) 50 (28.6) 4.6 (3.210 6.6) 0.00
Creatinine >110pmol/L, n (%) 255 (26.7) 0 (0%) 218 (28.1) 37 (20.9) 1.5(1.0t02.2) 0.05
Bilirubin >20 umol/L, n (%) 92 (9.8) 11(1.2%) 80 (10.4) 12 (6.9) 1.6 (0.8t02.9) 0.16
Platelets <15010°/L, n (%) 78 (8.3) 10 (1.1%) 69 (9.0) 9(5.2) 1.8(0.9t0 3.7) 0.11

*Basic ADL dependencies: > one dependency regarding bathing, dressing, toileting, transferring, eating, and moving around.

TAIll patients in this study had a temperature>36.5C.
COPD, chronic obstructive pulmonary disease.

discharge diagnosis.37 However, only patients presented
to the ED by ambulance were included, making this popu-
lation more severe, homogeneous and different from our
study. The development of future algorithms, including
using artificial intelligence to support clinical decisions,
may aid physicians in discriminating between patients
with and without infections at an ED.**

There isawide heterogeneity of diagnoses among patients
without infection, reflecting how non-infections may mimic
infections in early stages. This tend to reduce the diagnostic
accuracy in the ED. It is remarkable that one-third of the
patients who were considered not to have infection were
not assigned a definite diagnosis. This indicates that for

Il 1

1

Frequency(%)
10.00 15.00 20.00 25.00

5.00

0.00
1

even an expert panel with access to all information in the
medical record, it is not easy the assign an accurate diag-
nosis. This underlines the heterogeneity of the ED popula-
tion. A notice is the short LOS of 1 (0-4) day, making the
amount of information limited in the medical record.

Of the patients diagnosed with an infection by the
expert panel, 8% had an infection of unknown origin
after 1week. This emphasises the difficulties in assigning
an accurate diagnosis even though all information is avail-
able. It could be interesting to characterise these patients
further and follow their treatment trajectories to improve
the diagnostic setup and identify the origin of the infec-
tion more quickly.

Days with symptoms

7 8 9 10 N

T
12 13 14

Timeline

—@—— |nfection_diagnose

—@—— No_infection_diagnose

Figure 2 Time between symptom onset and hospitalisation for patients with suspected infection.
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Table 3 Treatment trajectories for patients with suspected infection and the association to the experts’ reference diagnosis

Suspected infection Infection No infection

(total) diagnose diagnoses

n=954 n=777 n=177 OR (95%Cl) p value
Transfer to intensive care unit during current admission, 17 (1.8) 16 (2.4) 1(0.6) 0.39 (0.09 to 1.68) 0.21
n (%)
Readmissions within 30 days, n(%) 131 (13.7) 108 (13.9) 23 (13.0) 1.08 (0.67 to 1.75) 0.75
Mortality within 30 days, n(%) 31(3.2) 26 (3.3) 5(2.8) 1.19(0.45t0 3.15) 0.72

IRR (95%Cl)

Length of hospital stay (in days), median (IQR) 3(1-6) 3 (1-6) 1(0-4) 1.58 (1.30 to 1.91) 0.00

IRR, incidence rate ratio.

Updated knowledge of symptoms of infection in ED is
still vital as the current population has aged. Interestingly,
there was no difference in pulmonary and UTI symptoms
between infected and non-infected patients, demon-
strating the challenge of an accurate preliminary diag-
nosis. Unsurprisingly, fever, high CRP level (=100mg/L)
and abnormal levels of leucocytes and neutrophilocytes
correlated with an infection diagnosis. However, only
28.5% of the patients with infection diagnoses had fever
at arrival, though fever correlated with an infection diag-
nosis. It is well known that fever is not always present in
infections, especially in immunocompromised and older
patients.*’*! Nevertheless, more than 70% of patients with
an infection diagnosis reported fever sensations and/or
measured an abnormal temperature prior to hospitalisa-
tion, indicating a history of fever might be more helpful
for triage and preliminary diagnosis than temperature
measured on ED arrival.

As 13.0% of the patients with infectious diagnoses had
low CRP levels (<20mg/L), physicians must be aware
that a low CRP level cannot safely exclude the presence
of infection, also supported by previous findings.* ** On
the other hand, 15.3% of the patients without infections
had high CRP levels. In this analysis, we did not divide the
patients diagnosed with infection into bacterial or viral
infections. This may explain the CRP levels, but this depth
of information is rarely available on arrival at an ED. The
inflammatory systemic response is dynamic; therefore,
the CRP, leucocyte and neutrophilocyte levels must be
interpreted in the context of the number of days since
symptom onset. The biomarkers are not definitive for an
infection and cannot stand alone but can be included in
a diagnostic algorithm.

The significant lower LOS for patients without infec-
tious diagnoses emphasises the fact that it is easier to rule
out the patients not having the diagnosis in question. By
excluding a severe infection requiring hospitalisation,
the probability of being discharged after the initial inves-
tigation is high. There were no significant differences
in mortality and ICU transfer. This result was expected
as the most severe patients (those requiring urgent vital
treatment, the severe immunocompromised patients and
those not mentally able to consent) were excluded from
the study.

Interpretation

As pneumonia, UTIs and cellulitis account for two-thirds
of all ED infections, it is important to have guidelines for
the diagnosis and treatment of these diseases. If rapid and
accurate diagnostics is available, we can treat these infec-
tions with targeted antibiotic treatment, thus contrib-
uting to the reduction of broad-spectrum antibiotics for
the majority of infections in the ED.

Even though the population has aged and changed
over the past several years, same symptoms and signs
are still an important part of the physician’s preliminary
infection diagnosis.

In the future, diagnostic algorithms, including artifi-
cial intelligence algorithms, may support the physician’s
preliminary infection diagnosis. This study summarises
the factors that may be of greatest value to include in such
diagnostic algorithms.

Strengths, limitations and generalisability

A strength of this study was the pragmatic approach,
reflecting real-life routine practice conditions and the
immediate transferability of these results in clinical prac-
tice. However, the pragmatic design means our results
can only be compared with similar settings.

The diagnosis was assigned by an expert panel instead
of using the diagnostic code registered in the medical
record commonly used in register studies.'® We believe
using an expert panel makes the assigned diagnoses more
credible since the expert panel reviewed all the notes in
the medical record, the blood test results, the radiolog-
ical examinations and other diagnostics tests and exam-
inations. However, the expert panel did not use scoring
systems or algorithms; only their experience and knowl-
edge were used to determine the diagnoses, which chal-
lenges reproducibility and generalisability.

Convenience sampling was chosen based on what
could succeed in practice (eg, presence of study staff for
recruitment and data collection, presence of hospital
staff informed about the project). This introduces selec-
tion bias and may affect generalisability. The results can
therefore only be applied to mentally competent adults
admitted on weekdays during the daytime. Patients hospi-
talised at night or during weekends could be systemati-
cally different, and the same applies to the excluded
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patients, such as the immunocompromised patients. A
Danish study identified that patients hospitalised out-of-
office hours were more often admitted to intensive care
and had a higher mortality.** However, we do not consider
these limitations to affect our results significantly. Future
research should focus on patient selection. However,
around-the-clock inclusion of patients for research can
pose execution challenges due to the required extra
resources and costs.

Another potential selection bias was the inclusion
of patients with suspected infection only as opposed to
all adults admitted to the ED. This weakness resulted
in patients not initially identified as infected by the ED
physician being missed. This may have resulted in a
higher prevalence of infections and fewer true nega-
tives and false negatives in our study compared with the
general ED population. We also experienced that some
emergency physicians were reluctant to suspect an infec-
tion if unsure, which might have resulted in less uncer-
tain conditions and a higher sensitivity. However, this was
not measured but only an experience. It reflects the work
in the ED where the physicians need to be safe rather
than sorry. Another weakness is that the study recruited
patients during the coronavirus disease pandemic in
2019, which affected the distribution of infections.

We generally had low levels of missing data and clas-
sified missings as missing completely at random or at
random. The statistical analyses performed in this study
were sub-analyses of the main multifaceted study. There-
fore, there is a risk of type II errors in relation to the
power calculation.

CONCLUSION

Four out of five patients with a preliminary diagnosis
of infection had a reference diagnosis of infection. The
primary infections were CAP, UTI with systemic symptoms
and cellulitis. Physicians’ preliminary infection diagnoses
were moderate in accordance with the reference expert
diagnoses. Fever, male sex, high CRP level, heart rate of
>90 beats/min, oxygen saturation of <96, symptom onset
of less than 3days and abnormal neutrophilocyte and
leukocytes were correlated to an infection diagnosis.
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