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ABSTRACT
Objective To evaluate a triage algorithm used to identify 
and isolate patients with suspected COVID-19 among 
medical patients needing admission to hospital using 
simple clinical criteria and the FebriDx assay.
Design Retrospective observational cohort.
Setting Large acute National Health Service hospital in 
London, UK.
Participants All medical admissions from the emergency 
department between 10 August 2020 and 4 November 
2020 with a valid SARS- CoV-2 RT- PCR result.
Interventions Medical admissions were triaged as likely, 
possible or unlikely COVID-19 based on clinical criteria. 
Patients triaged as possible COVID-19 underwent FebriDx 
lateral flow assay on capillary blood, and those positive for 
myxovirus resistance protein A (a host response protein) 
were managed as likely COVID-19.
Primary outcome measures Diagnostic accuracy 
(sensitivity, specificity and predictive values) of the 
algorithm and the FebriDx assay using SARS- CoV-2 
RT- PCR from nasopharyngeal swabs as the reference 
standard.
Results 4.0% (136) of 3443 medical admissions had 
RT- PCR confirmed COVID-19. Prevalence of COVID-19 was 
46% (80/175) in those triaged as likely, 4.1% (50/1225) 
in possible and 0.3% (6/2033) in unlikely COVID-19. 
Using a SARS- CoV-2 RT- PCR reference standard, clinical 
triage had sensitivity of 96% (95% CI 91% to 98%) and 
specificity of 61.5% (95% CI 59.8% to 63.1%), while the 
triage algorithm including FebriDx had sensitivity of 93% 
(95% CI 87% to 96%) and specificity of 86.4% (95% CI 
85.2% to 87.5%). While 2033 patients were deemed not to 
require isolation using clinical criteria alone, the addition of 
FebriDx to clinical triage allowed a further 826 patients to 
be released from isolation, reducing the need for isolation 
rooms by 9.5 per day, 95% CI 8.9 to 10.2. Ten patients 
missed by the algorithm had mild or asymptomatic 
COVID-19.
Conclusions A triage algorithm including the FebriDx 
assay had good sensitivity and was useful to ‘rule- out’ 
COVID-19 among medical admissions to hospital.

INTRODUCTION
The COVID-19 pandemic, caused by 
SARS- CoV-2, presents unprecedented chal-
lenges for infection prevention and control 
(IPC) within healthcare facilities world-
wide.1 Transmission may occur via respira-
tory droplets, fomites or via airborne routes 
(following aerosol- generating procedures).2–4 
Prolonged indoor contact increases trans-
mission, and nosocomial transmission is 
common.5 6 Respiratory isolation capacity 
(neutral or negative pressure side- rooms) is 
easily saturated within healthcare facilities.1 
Decisions to isolate patients in need of admis-
sion with suspected or possible COVID-19 

Strengths and limitations of this study

 ► This was a pragmatic study of a large cohort of con-
secutive medical admissions enabling a real- world 
evaluation of the utility of the FebriDx point- of- care 
assay for COVID-19 triage—a novel application.

 ► The analyses performed, including estimates of the 
number of isolation rooms saved and time- to- test 
result, can inform hospital management when as-
sessing the effectiveness of the FebriDx point- of- 
care assay for COVID-19 triage in other settings.

 ► A single SARS- CoV-2 RT- PCR is an imperfect ref-
erence standard for COVID-19 which may impact 
specificity, and multiple PCR assays were used each 
with their own performance characteristics.

 ► The performance of the triage algorithm and the 
FebriDx assay may differ when used in other pop-
ulations depending on the underlying prevalence of 
COVID-19 or other respiratory pathogens.

 ► The clinical triage criteria were adjusted during the 
study period to reflect evolving national guidance, 
which may limit the reproducibility of our results.
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must be rapid and accurate to maintain patient flow from 
emergency departments (EDs), yet minimise risk of noso-
comial transmission.

As COVID-19 can present with non- specific symptoms, 
diagnostic confirmation is often sought by detection of 
SARS- CoV-2 RNA by reverse transcription- PCR (RT- PCR) 
from nasopharyngeal swab (NPS).7 However, decisions 
about patient isolation from the ED are usually required 
before the results of RT- PCR assays are available.8 9 Even 
near- patient, rapid RT- PCR platforms with assay run times 
of 1–2 hours can be quickly overwhelmed, especially 
during peaks of COVID-19 incidence.10 11 Multivariable 
diagnostic risk models, including clinical criteria and 
thoracic imaging, are not sufficient, but may be useful 
as a triage test to ration expensive or scarce point- of- care 
assays.12 13

FebriDx (Lumos Diagnostics, Sarasota, Florida, USA) is 
a lateral flow assay that detects two host response proteins, 
myxovirus resistance protein A (MxA, positive if >40 ng/
mL) and C reactive protein (CRP, positive if >20 mg/L) 
in capillary blood samples. MxA is an interferon- induced 
antiviral host response protein that has been studied as a 
biomarker to differentiate bacterial and viral respiratory 
infections.14–17 More recently, FebriDx has demonstrated 
a sensitivity of 93% and specificity of 86% for detecting 
COVID-19 compared with RT- PCR in hospital inpa-
tients including patients with clinically likely COVID-19 
and those without symptoms of COVID-19.18 FebriDx 
could be useful as an early triage tool to identify patients 
with COVID-19 and help guide isolation and IPC in 
patients needing admission to hospital.18–21 We therefore 

developed and implemented a COVID-19 triage algo-
rithm, supported by FebriDx, to inform patient flow from 
the ED while awaiting RT- PCR results. Here, we describe 
the diagnostic performance of this algorithm compared 
with SARS- CoV-2 RT- PCR. We also describe the impact 
on isolation room demand and the time to FebriDx and 
RT- PCR results.

METHODS
Patient cohort
We used data prospectively entered into a COVID-19 
triage database and retrospective extraction of clinical 
and bed allocation data from electronic patient records 
and hospital IT systems at Northwick Park Hospital, a 
large district general hospital serving a diverse popu-
lation in North West London. Patients were included if 
they required admission to a medical ward from the ED 
between 10 August 2020 and 4 November 2020 inclusive 
and had a valid SARS- CoV-2 RT- PCR result on admission.

Triage algorithm
On initial assessment in the ED, consecutive medical 
admissions were categorised by the attending clinician 
into three categories for their likelihood of COVID-19 
(unlikely, possible and likely), using clinical criteria such 
as clinical history, observations and plain chest radio-
graph based on Public Health England guidance (table 1 
and online supplemental table 1).22 Patients discharged 
home or admitted under specialties other than medicine 
and those under 16 years of age were not triaged using 

Table 1 Clinical criteria for determining triage groups, testing strategy and bed allocation from the emergency department 
(ED) prior to RT- PCR result

COVID-19 triage 
category Clinical criteria

Diagnostics 
performed in ED Bed allocation from ED

Likely Recent contact with a confirmed COVID-19 case
OR
Travel to high risk country within the last 14 days

Routine RT- PCR Isolation room

Known COVID-19 illness confirmed within the last 
14 days prior to current attendance

Urgent RT- PCR COVID-19 cohort ward or 
isolation room

High cinical suspicion
(eg, oxygen requirement, bilateral infiltrates, normal 
WCC/high CRP)
OR
Change in normal sense of smell or taste

Isolation room

Possible Clinical or radiological pneumonia
OR
Fever/persistent cough/shortness of breath/
hypoxia/diarrhoea/confusion

FebriDx*
and
urgent RT- PCR

FebriDx positive (or not 
done) →isolation room

FebriDx negative → non- 
COVID ward

Unlikely None of the Above Routine RT- PCR Non- COVID ward

Clinical criteria for determining triage groups are shown as of 8 October 2020. Changes to these criteria over time are detailed in online 
supplemental table 1.
*Patients were excluded from FebriDx testing if they had a history of COVID-19, were immunosuppressed, required intensive care or high 
dependency unit admission or had COVID-19 symptoms for >10 days.
CRP, C reactive protein; RT- PCR, reverse transcription- PCR; WCC, white cell count.
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the algorithm and did not receive FebriDx testing, there-
fore their exclusion is unlikely to be a source of ascer-
tainment bias. Patients with epidemiological risk factors 
for COVID-19 (eg, recent contact with a COVID-19 case 
or travel to a high- risk country) were triaged as likely 
COVID-19. We refer to this stage of the triage algorithm 
as ‘clinical criteria’.

We evaluated the impact of using FebriDx in a test- to- 
deisolate strategy among patients designated as possibly 
having COVID-19 after clinical criteria had been applied 
at initial assessment. Patients in the possible group 
underwent testing with FebriDx unless they declined or 
met an exclusion criterion. Patients were excluded from 
FebriDx testing if they were immunosuppressed or had 
symptoms of COVID-19 for >10 days (in these situations 
a measurable type I or type III interferon response might 
not be present in infected individuals, as per manufac-
turer’s guidance). Patients were also excluded if they 
had a previous diagnosis of COVID-19 (self- reported or 
confirmed) or required high dependency unit or inten-
sive care unit admission due to the greater infection 
control consequences of incorrect triage. All patients 
underwent NPS testing with SARS- CoV-2 RT- PCR, with 

rapid RT- PCR assays being prioritised for patients in the 
likely group.

Only patients with confirmed COVID-19 on SARS- CoV-2 
RT- PCR were admitted to a COVID-19 cohort area 
(‘COVID-19 ward’). Those triaged as likely, and those 
triaged as possible with a positive FebriDx or excluded 
from having a FebriDx test were designated ‘triage 
positive’ and admitted to an isolation room until PCR 
results were available. Patients assigned to the unlikely 
COVID-19 group and those with a negative FebriDx test 
were designated ‘triage negative’ and admitted to ‘non- 
COVID wards’ while awaiting SARS- CoV-2 RT- PCR results 
(figure 1 and table 1).

Ethics approval
FebriDx testing was implemented as part of routine clin-
ical care in response to data on assay performance for 
COVID-19 and an urgent clinical need.21 Results are 
reported in compliance with Standards for Reporting of 
Diagnostic Accuracy Studies (STARD) and Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines (see online supplemental mate-
rials). The FebriDx tests were purchased independently 

Figure 1 Patient flow through the study and the COVID-19 triage algorithm. Patients were included if they required admission 
to a medical ward from the emergency department between 10 August 2020 and 4 November 2020 inclusive. Patients were 
excluded if they were under 16 years of age, admitted under specialties other than medicine or if their triage status or SARS- 
CoV-2 RT- PCR result was unknown. Counts at each stage of triage are shown in 2×2 tables on the right. These counts 
correspond with the 2×2 tables and measures of diagnostic performance shown in table 3. PCR=SARS- CoV-2 RT- PCR. HDU, 
high dependency unit; ICU, intensive care unit; NIV, non- invasive ventilation.
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from a UK distributer, and the manufacturer had no role 
in the study conception, design, data analysis or manu-
script preparation.

Testing procedures and definitions
The FebriDx assay was performed as per the manufac-
turer’s instructions at the point- of- care by trained ED 
healthcare assistants. In brief, 5 µL of capillary blood is 
placed on the sample window and reagents are released 
by pressing a button. The result is read after 10 min, 
with a positive result being the presence of a blue line 
in the control window and a red line in the MxA window 
(limit of detection 40 ng/mL). The results from the CRP 
window were not used given all patients had laboratory 
CRP measurements. Staff performing FebriDx had access 
to clinical information but not SARS- CoV-2 RT- PCR 
results at the time of FebriDx testing. Routine SARS- CoV-2 
RT- PCR was done on NPS using either the Panther Fusion 
SARS- CoV-2 (Hologic, California, USA), Abbott Real-
Time SARS- CoV-2 (Abbott Park, Illinois, USA) or an 
extraction- free SARS- CoV-2 RT- PCR assay developed by 
Health Services Laboratories, UK.23 Rapid RT- PCR assays 
used were Xpert Xpress SARS- CoV-2 (Cepheid, Cali-
fornia, USA) or SAMBA II SARS- CoV-2 (Diagnostics for 
the Real World, California, USA).

Patients were defined as having COVID-19 or not based 
on the first valid RT- PCR result up to 72 hours after admis-
sion. Patients without a valid RT- PCR result or triage status 
were excluded from the analysis. Vital signs, including 
National Early Warning Score (NEWS) were recorded 
on arrival to the ED. All biochemical, haematological 
and radiological data were from the first results within 48 
hours of admission. Thoracic imaging (chest radiographs 
and CT) were reported and coded based on guide-
lines on COVID-19 from the British Society of Thoracic 
Imaging at the time of reporting by radiologists.24 Vital 
status is reported at the time of hospital discharge or data 
extraction (20 November 2020) for those who were still 
inpatients.

Data analysis and statistical methods
We evaluated the real- world diagnostic performance 
(sensitivity, specificity and positive and negative predic-
tive values with 95% CIs) of the triage algorithm 
(described above and in figure 1) using both clinical 
criteria (described above and in table 1) and the FebriDx 
assay in combination compared with SARS- CoV-2 RT- PCR 
from a single NPS as a reference standard. We also eval-
uated each stage of the triage algorithm independently, 
estimating measures of diagnostic performance for 
triage using clinical criteria alone and the FebriDx assay 
in patients with possible COVID-19 compared with a 
SARS- CoV-2 RT- PCR reference standard. Patients with 
missing RT- PCR or those missing data on triaging were 
excluded from analysis. We also reported the time from 
arrival to FebriDx and RT- PCR results. We described the 
proportion of patients with COVID-19 who were correctly 
isolated, estimated the number of isolation beds made 

available by FebriDx testing and described the patients 
with COVID-19 who were incorrectly triaged by the algo-
rithm. Basic descriptive statistics were performed, with 
comparisons made using χ2 tests for proportions, t- tests 
for means and Wilcoxon rank sum test to compare non- 
normally distributed populations. Logistic regression was 
used to compare age- adjusted and sex- adjusted estimates 
of in- hospital death in each triage group, using complete 
cases only. Statistical analyses were performed using Stata 
V.14.0 (StataCorp, College Station, Texas, USA). Based 
on an anticipated sensitivity of 93%, a sample size of 3335 
would estimate the sensitivity of the triage algorithm ±5% 
with alpha 0.05 and prevalence of 3%.

Patient and public involvement
There was no patient involvement in the development 
of the research question, study design or conduct of the 
study.

RESULTS
Baseline characteristics and COVID-19 diagnosis
Between 10 August and 4 November 2020, there were 
9645 ED visits resulting in further hospital care. Of these, 
3433 (35.6%) were adult medical patients admitted for 
further treatment, were triaged using the algorithm based 
on COVID-19 status and had a valid SARS- CoV-2 RT- PCR 
result (figure 1). One hundred seventy- five (5.1%) 
patients were triaged as likely COVID-19, 2033 (59.2%) 
patients as unlikely COVID-19 and 1225 (35.7%) patients 
were triaged into the possible COVID-19 category. Key 
patient characteristics are given in table 2.

There were several differences between the three 
triage groups (table 2). The likely COVID-19 group were 
younger, had higher NEWS scores on arrival and more 
frequently required supplemental oxygen compared 
with the unlikely group and the possible group (p<0.02 
for all comparisons). As expected, more patients in the 
likely COVID-19 group had chest radiograph changes 
typical for COVID-19 than in the possible (p<0.001), and 
the unlikely COVID-19 group (p<0.001). The possible 
COVID-19 group were older than the other two groups 
and were more likely to have an elevated neutrophil 
count than the likely or possible groups.

Overall, 136/3443 admissions (4.0%) were diagnosed 
with PCR- confirmed COVID-19. Prevalence of COVID-19 
was 46% (80/175) in likely patients, and 4.1% (50/1225) 
in the possible group. Of those triaged as unlikely 
COVID-19, only 6/2033 (0.3%) were SARS- CoV-2 RT- PCR 
positive.

Performance of FebriDx and triage algorithm
The overall diagnostic performance of the clinical 
triage algorithm compared with the reference standard 
of SARS- CoV-2 RT- PCR is summarised in table 3. Nine 
hundred fifty- eight (78.2%) patients in the possible 
group were tested using FebriDx (those excluded are 
detailed in figure 1); 13.8% (132/958) of FebriDx test 
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results were positive for MxA, with 86.2% negative and 
no invalid results. The median duration of COVID-19 
symptoms in patients tested by FebriDx was 2 days (IQR 
1–3, n=847). Patients with positive FebriDx results were 
younger, more likely to be febrile and less likely to have 
raised neutrophil counts than FebriDx- negative patients 
(online supplemental table 2).

Thirty- one per cent (41/132) of patients with a positive 
FebriDx had a positive SARS- CoV-2 RT- PCR, while only 
4/826 (0.5%) with a negative FebriDx were diagnosed 
as having COVID-19. All four patients with false- negative 
FebriDx results had normal chest radiographs. Two 
patients tested negative for COVID-19 by SARS- CoV-2 
RT- PCR but had positive FebriDx results and chest radio-
graph appearances typical for COVID-19. In the possible 
COVID-19 group, FebriDx results were available a median 
of 2.2 hours (IQR 1.4–3.1, n=808) and RT- PCR results a 
median of 17.8 hours (IQR 11.4–25.3, n=456) after arrival 
to the ED (figure 2). Eighty- eight per cent of FebriDx 
results were available within 4 hours of arrival (n=808).

The triage algorithm correctly identified 126/136 
patients with PCR- confirmed COVID-19 in the likely 
group (sensitivity 93%, 95% CI 87 to 96) (table 3). The 10 
patients who were SARS- CoV-2 RT- PCR positive but missed 

by the triage algorithm are described in online supple-
mental table 3. Six out of ten patients were classified as 
unlikely, and 4/10 were classified as possible COVID-19 
and had a negative FebriDx; 2/10 were febrile on admis-
sion, none required supplemental oxygen, length of 
stay was short (median 2 days) and 8 had normal chest 
radiographs (2 did not have thoracic imaging done). 
Specificity of the algorithm was 86.4% (95% CI 85.2 to 
87.5), and negative predictive value was 99.7% (95% CI 
99.4 to 99.8). Although changes were made to clinical 
triage criteria during the study period (online supple-
mental table 1), our estimates of diagnostic performance 
were comparable after excluding individuals who arrived 
before the last alteration (online supplemental table 4).

Outcomes
Ninety- five per cent (129/136) of patients with COVID-19 
were appropriately managed in isolation rooms or 
COVID-19 cohort wards as a result of the triage algorithm 
(online supplemental table 5). Of the 10 patients with 
PCR- confirmed COVID-19 not identified by the triage 
algorithm, 7 were initially managed in a non- COVID ward. 
Had all patients been isolated until SARS- CoV-2 RT- PCR 
result was available (ie, without using clinical criteria or 

Table 2 Baseline characteristics, vital signs, initial investigations, mortality and SARS- CoV-2 RT- PCR results for patients in 
the unlikely, possible and likely COVID-19 groups

Variable Unlikely Possible Likely

N 2033 1225 175

Age (years) median (IQR) 69 (49, 82) 75 (60, 84) 62 (48, 74)

Age over 65 years, n (%, 95% CI) 1128 (55.5%, 53.3 to 57.6) 846 (69.1%, 66.5 to 71.6) 79 (45%, 38 to 53)

Female sex, n (%, 95% CI) 969 (47.7%, 45.5 to 49.8) 603 (49.2%, 46.4 to 52.0) 72 (41%, 34 to 48)

Male sex, n (%, 95% CI) 1064 (52.3%, 50.2 to 54.5) 622 (50.8%, 48.0 to 53.6) 103 (59%, 52 to 66)

NEWS, median (IQR) 1 (0, 3) 4 (2, 6) 5 (3, 7)

Respiratory rate (breaths/min), median (IQR) 18 (18, 20) 24 (20, 28) 24 (21, 32)

SpO2 <94%, n (%, 95% CI) 61 (3.1%, 2.4 to 3.9) 234 (19.5%, 17.3 to 21.8) 38 (22%, 17 to 29)

Required supplemental oxygen, n (%, 95% CI) 52 (2.7%, 2.0 to 3.4) 245 (20.4%, 18.1 to 22.7) 52 (30%, 24 to 38)

Temperature >37.5°C, n (%, 95% CI) 172 (8.8%, 7.6 to 10.1) 359 (30.0%, 27.4 to 32.6) 73 (43%, 35 to 50)

Chest radiograph—normal, n (%, 95% CI) 1171 (81.0%, 79.0 to 83.0) 537 (49.9%, 46.9 to 52.9) 42 (30%, 22 to 37)

Chest radiograph—typical for COVID-19, n (%, 95% CI) 4 (0.3%, 0.0 to 0.5) 25 (2.3%, 1.4 to 3.2) 54 (38%, 30 to 46)

Chest radiograph—other, n (%, 95% CI) 271 (18.7%, 16.7 to 20.8) 514 (47.8%, 44.8 to 50.8) 45 (32%, 24 to 40)

Chest CT—normal, n (%, 95% CI) 8 (24%, 12 to 41) 9 (16%, 9 to 29) 0 (0%, 0 to 0)

Chest CT—typical for COVID-19, n (%, 95% CI) 0 (0%, 0 to 0) 3 (5%, 2 to 16) 3 (43%, 10 to 83)

Chest CT—other, n (%, 95% CI) 26 (76%, 59 to 88) 43 (78%, 65 to 87) 4 (57%, 17 to 90)

CRP (mg/L), median (IQR) 5.7 (1.4, 26.9) 26.4 (7.05, 87.65) 53.7 (25.9, 122.7)

CRP >20 mg/L, n (%, 95% CI) 545 (28.7%, 26.7 to 30.7) 656 (55.8%, 52.9 to 58.6) 134 (80%, 74 to 86)

Lymphocyte count <1.0×109/L, n (%, 95% CI) 373 (25.3%, 23.1 to 27.5) 383 (43.9%, 40.6 to 47.2) 70 (55%, 46 to 63)

Neutrophil count >7.5×109/L, n (%, 95% CI) 620 (32.0%, 29.9 to 34.0) 598 (50.4%, 47.6 to 53.3) 61 (36%, 29 to 43)

Crude in hospital mortality, n (%, 95% CI) 57 (2.8%, 2.1 to 3.6) 89 (7.5%, 6.0 to 9.0) 13 (8%, 4 to 12)

SARS- CoV-2 RNA detectable on RT- PCR, n (%, 95% CI) 6 (0.3%, 0.1 to 0.5) 50 (4.1%, 3.0 to 5.2) 80 (46%, 38 to 53)

For observations on arrival, 3.2%–4.1% of data were missing. Data were missing for 5.5% of CRP results and 4.0% of haematology results, 22.4% 
of chest radiograph reports and 2.1% of vital status. Ninety- six patients (2.8%) had a chest CT report available. Imaging reports were coded as per 
BSTI guidelines. Chest radiograph reports were coded as: CVCX0=normal; CVCX1=typical; CVCX2=indeterminate; CVCX3=non- COVID-19. Chest CT 
reports were coded as: CVCT0=normal; CVCT1=typical; CVCT2=indeterminate; CVCT3=non- COVID-19.
BSTI, British Society of Thoracic Imaging; CRP, C reactive protein; NEWS, National Early Warning Score; SpO2, oxygen saturations.
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Table 3 Cross tabulation of results of the triage algorithm with and without FebriDx as well as the results of FebriDx within the 
possible COVID-19 group compared with a SARS- CoV-2 RT- PCR reference standard

A

SARS- CoV-2 RT- PCR

Positive Negative Total

Clinical criteria 
alone (without 
FebriDx) 
(n=3433)

Likely or 
possible 
COVID-19

130 1270 1400 PPV:

9.3%

(95% CI 7.9 to 10.9)

Unlikely 
COVID-19

6 2027 2033 NPV:

99.7%

(95% CI 99.3 to 99.9)

Total 136 3297 3433

Sensitivity Specificity

96% 61.5%

(95% CI 91 to 98) (95% CI59.8 to 63.1)

B

SARS- CoV-2 RT- PCR

Positive Negative Total

FebriDx alone 
in the possible 
COVID-19 group 
with FebriDx 
done (n=958)

FebriDx
positive

41 91 132 PPV:

31%

(95% CI 24 to 39)

FebriDx
negative

4 822 826 NPV:

99.5%

(95% CI 98.7 to 99.8)

Total 45 913 958

Sensitivity Specificity

91% 90.0%

(95% CI 78 to 97) (95% CI 87.9 to 91.8)

C

SARS- CoV-2 RT- PCR

Positive Negative Total

Triage algorithm 
using clinical 
criteria and FebriDx 
(n=3433)

Triage positive 126 448 574 PPV:

22%

(95% CI 19 to 26)

Triage negative 10 2849 2859 NPV:

99.7%

(95% CI 99.4 to 
99.8)

Total 136 3297 3433

Sensitivity Specificity

93% 86.4%

(95% CI 87 to 96) (95% CI 85.2 to 87.5)

Measures of diagnostic performance are presented for the triage algorithm for the detection of COVID-19: (3A) using clinical criteria alone 
without FebriDx, where subjects are classified as positive or negative based on clinical criteria shown in table 1. Subjects were ‘positive’ if 
they were assigned as likely or possible COVID-19 based on clinical criteria alone. (3B) Using the FebriDx assay alone within the possible 
COVID-19 group receiving a FebriDx test. Subjects are classed as FebriDx positive or negative based on the FebriDx test only. (3C) Using 
clinical criteria supported by the FebriDx assay. Subjects were classed as triage positive or negative based on their flow through the algorithm 
as shown in figure 1. Patients were triage positive if they were triaged as likely COVID-19 or possible COVID-19 without a negative FebriDx 
result. Patients were triage negative if they were triaged as unlikely COVID-19 or possible COVID-19 with a negative FebriDx result.
NPV, negative predictive value; PPV, positive predictive value.
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FebriDx to de- isolate), 2859 more isolation rooms would 
have been used. When using the triage algorithm, clinical 
criteria allowed 2033 patients to be released from isolation 
after being classified as unlikely COVID-19. The addition 
of FebriDx to clinical triage allowed 826 more patients 
to be managed in ‘non- COVID’ wards than if all patients 
triaged possible COVID-19 had required isolation (9.5 
isolation rooms saved per day, 95% CI 8.9 to 10.2).

Eleven (8%) patients with COVID-19 died compared 
with 150 (4.5%) without COVID-19 (p=0.042). Age- 
adjusted and sex- adjusted odds of death during the 
admission were higher for patients in the likely (OR 
3.42, 95% CI 1.81 to 6.45) and possible groups (OR 2.44, 
95% CI 1.73 to 3.44) than the unlikely COVID-19 group.

DISCUSSION
Our main findings are that a pragmatic triage algorithm 
using simple clinical parameters available within the ED 
and the FebriDx point- of- care test had good sensitivity 
(93%) and excellent NPV (99.7%) for COVID-19 diag-
nosed by RT- PCR. Inclusion of FebriDx improved the 
specificity of triage with minimal reductions in sensitivity, 
allowing a substantial reduction in the number of isola-
tion rooms needed.

Although clinicians were able to identify patients likely and 
unlikely to have COVID-19 (46% and 0.3% of whom had 
confirmed COVID-19, respectively) based on clinical assess-
ment, radiology and basic blood tests, their assessment was 
not sufficiently specific. The group of patients identified as 
‘possible’ COVID-19 had a 4% prevalence of COVID-19, high 
mortality and was large enough to overwhelm isolation room 
capacity. We demonstrate a simple, rapid test performed at 
the point- of- care can help further risk stratify this group. In 

real- life settings in a busy ED, a point- of- care test was able to 
inform isolation decisions within 4 hours of arrival compared 
with PCR results which were too slow to inform patient flow 
from ED, even when using ‘rapid’ PCR assays. Although 
formal cost- effectiveness analysis was not performed, each 
FebriDx test only costs about US$18, and this may lead to 
cost savings.

The strengths of this study are its pragmatic design under 
routine clinical settings, and that we are able to account for 
over 95% of medical admissions, reducing risks of bias. There 
are, however, several limitations. A single SARS- CoV-2 RT- PCR 
is an imperfect reference standard, and does not account for 
RT- PCR- negative patients with COVID-19. We used multiple 
RT- PCR platforms, which will have different PCR targets and 
performance. Ten per cent of patients in the possible group 
did not get tested with FebriDx for unclear reasons, which 
could be a source of bias unless these were unavoidable 
random losses in a busy ED. The prevalence of COVID-19 
was 4.0% in this cohort, and it is unclear what impact a higher 
prevalence of COVID-19 or other respiratory pathogens such 
as influenza would have on these findings. The criteria for 
likely and possible COVID-19 groups changed during the 
study period, although this is unlikely to significantly alter the 
outcomes.

These data build on previous studies of FebriDx showing 
good sensitivity, and utility as a ‘rule- out’ test for COVID-
19.17–20 In our pragmatic, ‘real- world’ study, clinical triage by 
ED clinicians was imperfect. For example, two PCR- positive 
patients were incorrectly classified as ‘unlikely’ COVID-19 
given they had a temperature of >38°C on arrival (online 
supplemental table 3). The estimate of sensitivity of FebriDx 
for detecting COVID-19 in our cohort is lower than previously 
described, likely because our testing strategy differs in that it 
does not include patients deemed likely to have COVID-19 
by clinical criteria. Testing this group would have been 
unlikely to alter clinical decisions, even if FebriDx had been 
negative, given the high pretest probability. The FebriDx test 
allowed patients with possible COVID-19 to be divided into 
two groups with similar characteristics and clinical features, 
but vastly different COVID-19 prevalence (0.5% in FebriDx 
negative, and 31% in FebriDx positive). However, about 10% 
of patients in this group were not eligible for FebriDx testing, 
and had to be managed in isolation rooms as triage- positive 
patients (see figure 1).

Only 10 patients with COVID-19 were incorrectly triaged 
by the algorithm, 4 of whom were tested and ‘missed’ using 
FebriDx. These patients were younger, less symptomatic, did 
not have chest radiograph changes and mostly likely had 
mild or asymptomatic COVID-19 infection. Given that MxA 
is an intracellular GTPase induced by type I and type III inter-
feron responses, it is plausible that sensitivity would be lower 
in oligosymptomatic or asymptomatic infection.25 Although 
the patients missed by the algorithm are potential sources of 
nosocomial transmission, asymptomatic disease is thought to 
be less transmissible.26 We found no nosocomial cases related 
to these patients.

In conclusion, we demonstrate that a simple triage system 
including the novel FebriDx point- of- care test had good 

Figure 2 Time from arrival to the availability of FebriDx 
and SARS- CoV-2 RT- PCR results. Kernel frequency density 
plot using the Epanechnikov function; time to FebriDx result 
was calculated as the time from arrival to the emergency 
department until the time the FebriDx result was recorded 
(blue plot), bandwidth=0.3; time to RT- PCR result was 
calculated as the time from arrival to the emergency 
department until the time the SARS- CoV-2 RT- PCR result 
was recorded (red plot), bandwidth=2.
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sensitivity and negative predictive value for COVID-19 and 
utility for managing medical admissions from the ED.
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Use of the FebriDx point-of-care assay as part of a triage algorithm for medical admissions with 

possible COVID-19 

Supplementary Tables: 

 

Supplementary Table 1: Changes made to the inclusion criteria for the triage categories and the 

exclusion criteria for FebriDx testing during the study period. 

 Date of Update to COVID-19 Triage Criteria 

  06/07/2020 09/09/2020 21/09/2020 08/10/2020 

Likely 

Confirmed COVID-19 during current illness 

High Clinical Suspicion  

(eg. Oxygen Requirement,  Bilateral infiltrates, Normal WCC/high CRP) 

 Recent Contact with a confirmed COVID-19 case 

Travel to High Risk country within the last 14 days  

      

Change in Normal 

sense of Smell or 

Taste 

Possible 

Change in Normal sense of Smell or Taste removed 

Clinical or Radiological Pneumonia 

Fever PLUS Persistent Cough OR 

Shortness of Breath OR Hypoxia 

Fever OR Persistent Cough OR 

Shortness of Breath OR Hypoxia 

      
Confusion OR 

Diarrhoea 

Unlikely None of the Above 

Exclusion 

Criteria for 

FebriDx 

Immunosuppressed 

Previous COVID-19 

  Requiring ITU/HDU/NIV 

    COVID-19 Symptoms >10 days 

 

 

Supplementary Table 1 footnotes:  

The inclusion criteria for the triage categories and the exclusion criteria for FebriDx testing were adjusted 

during the course of this pragmatic study. WCC=white cell count, CRP= C-Reactive Protein, ITU=Intensive 

Therapy Unit, HDU=High Dependency Unit, NIV=Non-Invasive ventilation.  
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Supplementary Table 2: Baseline characteristics, vital signs, initial investigations, mortality and SARS-CoV-2 RT-PCR results for patients in the possible 

COVID-19 group by FebriDx test result 

Variable FebriDx Negative FebriDx Positive FebriDx Not Done 

N 826 132 267 

Age (years) median (IQR) 77 (61, 85) 69.5 (54.5, 81.5) 72 (60, 81)  

Age over 65 years, n (%, 95%CI) 586 (70.9, 67.8; 74.0) 80 (61, 52; 69) 180 (67, 62; 73) 

Female Sex, n (%, 95%CI) 399 (48.3, 44.9; 51.7) 63 (48, 39; 56) 141 (53, 47; 59) 

Male Sex, n (%, 95%CI) 427 (51.7, 48.3; 55.1) 69 (52, 44; 61) 126 (47, 41; 53) 

NEWS, median (IQR) 4 (2, 7) 4 (3, 6)  4 (2, 6)  

Respiratory Rate (breaths/min), median (IQR) 24 (20, 28) 24 (20, 28) 24 (19, 28)  

SpO2 <94%, n (%, 95%CI) 164 (20.2, 17.6; 23.1) 24 (19, 13; 26) 46 (18, 14; 23) 

Required Supplemental Oxygen, n (%, 95%CI) 170 (20.9, 18.2; 23.8) 21 (16, 11; 24) 54 (21, 16; 26) 

Temperature >37.5ºC, n (%, 95%CI) 245 (30.2, 27.1; 33.4) 55 (43, 34; 51) 59 (23, 18; 29) 

Chest Radiograph - Normal, n (%, 95%CI) 375 (51.2, 47.6; 54.9) 52 (43, 35; 52) 110 (49, 43; 56) 

Chest Radiograph - Typical for COVID-19, n (%, 95%CI) 8 (1.1, 0.6; 2.2) 11 (9, 5; 16) 6 (3, 1; 6) 

Chest Radiograph - Other, n (%, 95%CI) 349 (47.7, 44.1; 51.3) 57 (48, 39; 57) 108 (48, 42; 55) 

Chest CT - Normal, n (%, 95%CI) 9 (20, 10; 34) 0 (0) 0 (0) 

Chest CT - Typical for COVID-19, n (%, 95%CI) 2 (4, 1; 17) 0 (0) 1 (17, 1; 81) 

Chest CT - Other, n (%, 95%CI) 35 (76, 61; 87) 3 (100) 5 (83, 19; 99) 

CRP (mg/L), median (IQR) 26 (7, 96) 37.05 (17.1, 78.9) 18.85 (4.9, 76.3)  

CRP >20mg/L, n (%, 95%CI) 443 (55.9, 52.5; 59.4) 87 (67, 58; 75) 126 (50, 43; 56) 

Lymphocyte Count <1.0x10^9/l,  n (%, 95%CI) 263 (43.8, 39.9; 47.8) 46 (48, 38; 58) 74 (42, 35; 49) 

Neutrophil Count >7.5x10^9/l, n (%, 95%CI) 422 (52.8, 49.3; 56.3) 50 (38, 30; 47) 126 (49, 43; 55) 

Mortality, n (%, 95%CI) 65 (8.1, 6.4; 10.2) 6 (5, 2; 10) 18 (7, 4; 11) 

SARS-CoV2 RNA Detectable on RT-PCR, n (%, 95%CI) 4 (0.5, 0.3; 1.3) 41 (31, 24; 40) 5 (2, 1; 4) 

Supplementary Table 2 footnotes: Missing data are summarised in the footnotes to table 2 in the main text.  Imaging reports were coded as per BSTI 

guidelines. Chest Radiograph reports were coded as: CVCX0 = Normal; CVCX1 = Classic; CVCX2 = Indeterminate; CVCX3 = Non-COVID-19. Chest CT reports 

were coded as: CVCT0= Normal; CVCT1= Classic/probable; CVCT2= Indeterminate; CVCT3= Non-COVID-19. IQR=Inter-quartile range, CI=Confidence Interval,  

NEWS=National Early Warning Score, SpO2=Oxygen Saturations, CRP=C-Reactive Protein, CT=Computerised  Tomography 
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Supplementary Table 3: Baseline characteristics of patients with positive SARS-CoV-2 RT-PCR results who were classified as triage negative by the 

algorithm 

Case 1 2 3 4 5 6 7 8 9 10 

Triage Status Unlikely Possible, FebriDx Negative 

Decade of Life* 5 7 3 5 7 6 6 3 7 5 

Sex (F/M) F M F M M M F M F F 

Presentation 

Fever and 

epigastric 

pain 

Hypoglycaemic 

collapse 

Hyperkalaemia 

on clinic bloods 

Herpes 

Zoster 

Intentional 

Overdose 

Unstable 

Angina 

URTI 

symptoms 
Diarrhoea 

Fever 

and 

SOB 

Headache 

and 

anosmia 

Duration of Symptoms (days) x x x x x x 5 7 1 2 

NEWS on Arrival 4 1 0 1 2 1 7 2 3 3 

Respiratory Rate (breaths/min) 20 18 18 20 14 18 32 18 22 21 

SpO2 (%) 97 96 100 96 93 98 94 100 96 100 

Required Supplemental Oxygen (Y/N) N N N N N N N N N N 

Temperature ºC 38.1 35.2 36.5 38 36.9 37 39.7 38.3 38.1 36.3 

Chest Radiograph CVCX0 CVCX0 ND CVCX0 CVCX0 CVCX0 CVCX0 ND CVCX0 CVCX0 

CRP (mg/L) 9.5 2.6 2.6 4 0.7 57.1 16.4 0.9 5.1 68.5 

Lymphocyte Count (x10^9/l) 0.5 1.4 2.2 1.1 3 0.7 2.2 1.2 0.5 0.7 

Neutrophil Count (x10^9/l) 8.8 9.5 6.5 2.9 2.5 1.9 6.7 2.7 4.6 1.6 

Isolated (Y / N) N N N Y N N N Y Y N 

ICU Admission (Y / N) N N N N N N N N N N 

Died (Y / N) N N N N N N N N N N 

Length of stay (days) 2 1 1 1 7 2 4 2 4 1 

Supplementary Table 3 footnotes: *Age on arrival is presented in terms of Decade of Life (eg. 5 = age 40 to 49 years).Duration of symptoms was recorded 

only for patients with a clinical syndrome compatible with COVID-19 tested by FebriDx. Observations presented are those measured on arrival to the 

Emergency Department. Imaging reports were coded as per BSTI guidelines. Chest Radiograph reports were coded as: CVCX0 = Normal; CVCX1 = Classic; 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-049179:e049179. 11 2021;BMJ Open, et al. Houston H



 4 

CVCX2 = Indeterminate; CVCX3 = Non-COVID-19,  NEWS=National Early Warning Score, SpO2=Oxygen Saturations, CRP=C-Reactive Protein, Y=Yes, N=No, 

ND=Not Done
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Supplementary Table 4: Cross tabulation of results of the triage algorithm with and without 

FebriDx as well as the results of FebriDx within the possible COVID-19 group compared to a SARS-

CoV-2 RT-PCR reference standard after excluding patients arriving before 08/10/2020.   

   

SARS-CoV-2 RT-PCR   

A 
 

Positive Negative Total   

Clinical 

criteria alone 

(without 

FebriDx) 

(n=1085) 

Likely or 

Possible 

COVID-19 

82 422 504 

PPV:  

16.3% 

(95% CI: 13.3 – 19.8) 

Unlikely 

COVID-19 
0 581 581 

NPV:  

100% 

(95% CI: X – X) 

Total 82 1003 1085  

    

Sensitivity Specificity 

   100% 57.9% 

(95% CI: X – X) (95% CI: 54.8 – 61.0) 
  

    
  

SARS-CoV-2 RT-PCR   

B   Positive Negative Total   

FebriDx 

alone in the 

possible 

COVID-19 

group with 

FebriDx 

done. 

(n=310) 

FebriDx 

Positive 
24 39 63 

PPV: 

38% 

(95% CI: 27 – 51) 

FebriDx 

Negative 
2 245 247 

NPV: 

99.2% 

(95% CI: 96.8 – 99.8) 

Total 26 284 310  

    

Sensitivity Specificity 

   92.3% 86.3% 

(95% CI: 73.8 – 98.1) (95% CI: 81.7 – 89.8) 

        

SARS-CoV-2 RT-PCR   

C 
 

Positive Negative Total   

Triage 

Algorithm 

using clinical 

criteria and 

FebriDx 

(n=1085) 

Triage 

Positive 
80 177 257 

PPV: 

31% 

(95% CI: 26 - 37) 

Triage 

Negative 
2 826 828 

NPV: 

99.8% 

(95% CI: 99.0 - 99.9) 

Total 82 1003 1085  

    

Sensitivity Specificity 

   97.6% 82.4% 

(95% CI: 91 - 99) (95% CI: 79.9 – 84.6) 
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Measures of Diagnostic Performance are presented for the triage algorithm for the detection of 

COVID-19: 3A) Using clinical criteria alone without FebriDx, where subjects are classified as positive 

or negative based on clinical criteria shown in Table 1. Subjects were ‘positive’ if they were assigned 
as likely or possible COVID-19 based on clinical criteria alone. 3B) Using the FebriDx assay alone 

within the possible COVID-19 group receiving a FebriDx test. Subjects are classed as FebriDx positive 

or negative based on the FebriDx test only. 3C) Using clinical criteria supported by the FebriDx assay. 

Subjects were classed as Triage positive or negative based on their flow through the algorithm as 

shown in figure 1. Patients were Triage positive if they were triaged as likely COVID-19 or possible 

COVID-19 without a negative FebriDx result. Patients were Triage Negative if they were triaged as 

unlikely COVID-19 or possible COVID-19 with a negative FebriDx result. PPV = Positive Predictive 

Value, NPV = Negative Predictive Value, CI = Confidence Interval 

 

 

 

 

 

Supplementary Table 5: Actual bed allocation to isolation rooms or COVID-19 cohorts in SARS-CoV-

2 RT-PCR positive patients, and those requiring isolation following triage.  

 

 

SARS-CoV-

2 RT-PCR 

Positive  

(n=136) 

Triage 

Positive 

(n=574) 

Likely 

(n=175) 

Possible, 

FebriDx 

Positive 

(n=132) 

Possible, 

FebriDx Not 

Done  

(n=267) 

‘Non-COVID’ Ward 7 68 5 4 58 

Isolation Room 112 477 152 122 203 

COVID-19 Cohort Ward 17 29 18 6 6 

% Isolated 95 88.2 97 97 78 

 

Table 4 footnotes: Actual patient movement from the emergency department extracted from 

the hospital’s bed management system. 
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