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ABSTRACT

Objectives To determine the negative predictive value
(NPV) of the FebriDx point-of-care host response device

in patients presenting with symptoms suggestive of
COVID-19 infection in a mostly immunised Australian
emergency department (ED) population during the late
2021 phase of the COVID-19 pandemic.

Design Observational diagnostic accuracy study
comparing FebriDx point-of-care test to SARS-CoV-2 PCR.
Setting An ED in Melbourne, Australia, with 63000 annual
presentations in 2021.

Participants Patients aged 16 and over who met

the Victorian Department of Health case definition for
suspected COVID-19 infection PCR testing. Patients
meeting any of the following criteria were excluded:

<16 years of age; acute respiratory symptom(s) with
onset>14 days prior to testing; current immunosuppressive
or interferon therapy; live immunisation within the last 30
days; fever lasting>7 days; antibiotic or antiviral use in
the preceding 14 days; experience of major trauma, major
surgical intervention or severe burns within the last 30
days.

Primary and secondary outcome measures COVID-19
PCR results (detected, not detected) and FebriDx results
(bacterial positive, viral negative, viral positive).

Results 94 participants were enrolled (female: 46; male:
48), 34% of participants (tested positive for COVID-19
according to PCR results, with a background incidence
among all adult ED attenders of 2.5%. The sensitivity of
FebriDx for detection of COVID-19 was 56% (95% Cl 40%
to 100%) and specificity was 92% (95% Cl 84% to 100%).
For the population tested, this resulted in an NPV of 80%
(95% Cl 71% to 100%) and a positive predictive value of
78% (95% CI 60% to 100%).

Conclusions In the context of a population with low
COVID-19 infection rates, an evolved variant of COVID-19
and a very high community COVID-19 vaccination rate,
FebriDx demonstrated reduced sensitivity and NPV relative
to results from earlier international tests. These contextual

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Both patients and treating clinicians were blinded to
FebriDx results.

= The study adopted a pragmatic COVID-19 case defi-
nition as defined by local testing practices at the
time of patient enrolment.

= The relatively small overall sample size resulted in
wide Cls.

= A very small number of unimmunised participants
were enrolled, limiting subanalysis of this group.

factors should be considered during any attempt to
generalise the current results.

Trial registration number ACTRN12620001029987
(Australian Clinical Trials).

INTRODUCTION

During the ongoing COVID-19 pandemic in
2021, a large number of patients continued
to present to emergency departments (EDs)
in Victoria, Australia, with symptoms sugges-
tive of COVID-19 infection. These patients
required viral screening on triage to facili-
tate appropriate disposition and treatment
decision-making. This process frequently had
a negative impact on patient flow and expe-
rience, as COVID-19 suspected patients were
required to be held in an isolated zone until
their laboratory PCR testing results became
available, a process that often took many
hours. The emerging availability of rapid
antigen testing (RAT) in the final quarter of
2021 provided a potential alternative to PCR
testing, but with a significant trade-off in test
sensitivity.'™
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FebriDx (Lumos Diagnostics, Sarasota, Florida,
USA)* is a Therapeutic Goods Australia—registered
single-use point-of-care testing device that detects two
host response proteins, Myxovirus resistance protein A
(MxA)® % and C-reactive protein (CRP), in finger-prick
blood samples. It was designed to distinguish viral from
bacterial respiratory infection. Results are available after
10min and provide three possible outcomes: a negative
result (control line only), a viral positive result (control
line+MxAline+CRPline) and a bacterial positive result
(control line+CRPline).

A UK study performed by Clark et al’ during the early
phase of the COVID-19 pandemic found the FebriDx
test had high accuracy for the detection of COVID-19 in
adults who required hospitalisation and suggested that
FebriDx could be deployed as a patient triage tool. In this
study of 248 patients, the FebriDx test was shown to have
a sensitivity of 93% and specificity of 86% for COVID-19
when compared with PCR testing. This translated to a
negative predictive value (NPV) for COVID-19 of 93% for
their study population. Similar early studies in Italy® and
the UK’ " recorded an NPV of 95.3%, 96% and 86.8%,
respectively. All studies were conducted during a time
of high disease prevalence when vaccines were not yet
available.

The aim of this study was to determine the NPV of
FebriDx for detecting COVID-19 in patients presenting to
an ED with symptoms suggestive of infection in Victoria,
Australia. Differences in local testing criteria, lower popu-
lation COVID-19 infection rates, an evolved strain of
COVID-19 and a very high community COVID-19 vacci-
nation rate were considered to be factors that made this
population unique compared with those from previously
published FebriDx studies.

METHODS

A real-world observational diagnostic accuracy study was
implemented to compare the sensitivity and specificity of
the FebriDx point-of-care test to the reference standard
of COVID-19 PCR. PCR tests conducted by the hospital’s
pathologists involved one of the following: AusDiagnostics
Hi-Plex RT-PCR, BD MaxTM SARS-CoV-2 Assay, Cepheid
Xpert Xpress SARS-CoV-2 or the Alinity m SARS-CoV-2
assay. Patients who met the Victorian Department of
Health case definition for suspected COVID-19 infection
(COVID-S) PCR testing“ at the time of their ED presenta-
tion were invited to be tested with FebriDx in addition to

| FebriDx test performed

Excluded (n = 13)
No PCR result available (n = 5)
Failed to meet symptomatic
inclusion criteria (n = 3)
Taking antibiotics at time of ED
presentation (n = 2)

v Invalid results (n = 2)

Included for data analysis

Figure 1 Flow chart of patients and outline of exclusion
criteria. ED, emergency department.

their usual care. The definition consisted of the following
criteria:

Fever OR chills in the absence of an alternative diag-
nosis that explains the clinical presentation OR acute
respiratory infection (eg, cough, sore throat, short-
ness of breath, runny nose) OR Loss of smell or loss
of taste.

To avoid FebriDx test results being incorporated into
medical management decisions, testing was completed by
a trained member of the research team. Both the patient
and their treating clinician were blinded to FebriDx
results. PCR results were available to those carrying out
FebriDx tests if they had been performed prior to arrival
to ED, while FebriDx results were unavailable to the
pathologists generating PCR results.

The study was conducted at Box Hill Hospital ED in
Melbourne, Australia, where there were approximately
63000 presentations in 2021. Patients aged 16years or
over who agreed to participate in the study were required
to provide signed consent. A trained member of the
research team then obtained approximately 5 pL of
blood from a single finger prick and applied this to the
FebriDx device. After approximately 10 min, the result was
obtained by the research team member and documented
in REDCap, a secure web-based research data collection
and management tool.'* ED PCR tests performed on the
same day as the FebriDx testing were used for compar-
ison. If this was not performed due to a previous positive
result performed elsewhere less than 14 days prior, then
this result was substituted.

FebriDx Results for all patients were recorded as either
‘negative’, ‘bacterial positive’ or ‘viral positive’ (online
supplemental appendix 1). For the purpose of calculating
performance characteristics for COVID-19 detection,
only ‘viral positive’ results were classified as a positive
result and all other results were classified as negative. In
addition to the FebriDx test result, clinical data regarding
length of illness, symptoms and COVID-19 vaccination
status were collected from all patients.

Sample size and statistical or power issues

An initial sample size of 300 was intended, based on an
80% probability of achieving a lower limit of the 95% CI
of at least 0.96 for a calculated NPV. This recruitment
target was not achieved due to reduced ongoing avail-
ability of recruitment staff and a pending change in local
testing practices whereby suspected cases would receive
RAT as a substitute for PCR testing. All statistical analyses
and ClIs were calculated using R.

Eligibility

Adult and paediatric patients (aged 16 and over) were
eligible for inclusion. Convenience sampling was used,
based on availability of recruitment staff. Participants were
required to be capable of reading an English language
patient information and consent form and providing
in-person informed consent.
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Clinical characteristics of all patients, COVID-19 positive patients and COVID-19 negative patients

PCR-confirmed positive patients (n=32) Negative cases (n=62)

Table 1

Clinical characteristics of enrolled patients All patients (n=94)
Median age 60 years

Sex F=46 (49%)

Cough 47/94 (50%)
Runny nose 11/94 (12%)

Sore throat 14/94 (15%)
59/94 (63%)

(

(

(

Shortness of breath (
45/94 (48%)

(

(

(

Fever
Two or more vaccination doses 80/94 (85%)
38/94 (40%)

26/86 (30%)

Discharged back to usual place of residence
Elevated white cell count (>10 x 109/L)

C reactive protein (mg/L)

>5 34/40 (85%)
>20 25/40 (63%)
>100 13/40 (33%)

Patients undergoing COVID-S screening testing who
did not meet the local case definition at the time of
testing were excluded (eg, those engaged in asymptom-
atic preoperative screening and asymptomatic patients
awaiting private hospital transfer). Patients who were
critically unwell (ie, where the treating clinician felt that
testing might interfere with their immediate clinical care)
were also excluded.

Finally, patients who met any of the following FebriDx
device registration exclusion criteria were excluded:

» <l6years of age.

» Acute respiratory symptom(s) with onset>14days
prior to testing.

Current immunosuppressive or interferon therapy.
Live immunisation within the last 30 days.

Fever lasting>7 days.

Antibiotic or antiviral use in the preceding 14 days.
Experience of major trauma, major surgical interven-
tion or severe burns within the last 30 days.

vyVvyYVYyYVYYy

Patient and public involvement
Patients or the public were not involved in the design,
conduct, reporting or dissemination plans of this research.

RESULTS

A total of 107 patients were enrolled between 8 October
2021 and 2 January 2022. Of these, 13 failed to meet
inclusion criteria and were excluded, resulting in a final
sample size of 94. Details are shown in figure 1. Note
that the original recruitment target was not achieved
due to reduced ongoing availability of recruitment staff
and a pending change in local testing practices whereby
suspected cases would receive RAT as a substitute for PCR
testing.

Patient and clinical characteristics

A summary of patient clinical characteristics is shown in
table 1.

44.08 years 64.01years
F=18 (56%) F=28 (45%)
26/32 (81%) 21/62 (34%)
5/32 (16%) 6/62 (10%)
10/32 (31%) 4/62 (6%)

(
20/32 (63%)
23/32 (72%)
19/32 (59%)
15/32 (47%)

39/62 (63%)
22/62 (35%)
36/62 (58%)
23/62 (37%)

)

4/26 (15%) 22/60 (37%
10/11 (91%) 24/28 (86%)
6/11 (55%) 19/29 (66%)

111 (9%) 12/29 (41%)

COVID-19 incidence in the tested population was
34%, with 32 of the 94 patients tested having a confirmed
COVID-19 positive result on PCR. During the study
period, a total of 13294 adult patients presented to the
ED, of whom 334 were diagnosed as COVID-19 positive,
resulting in a background incidence rate of 2.5%.

Performance characteristics of FebriDx test

Table 2 shows the overall performance characteristics
of the FebriDx test for enrolled patients, with an overall
NPV of 80% (95% CI 71% to 100%).

For patients with confirmed fever or ongoing respira-
tory symptoms (one or more of sore throat, runny nose,
cough or shortness of breath), the NPV was 78% (95% CI
68% to 100%). This is shown in table 3.

Of 14 patients who were unvaccinated or who had
received only 1 dose of a COVID-19 vaccine, FebriDx
correctly identified 9 out of 11 PCR positive cases. The
remaining three yielded negative results with both tests.

Table 2 Overall performance characteristics of the FebriDx
test

All patients with PCR
COVID-19 positive/

COVID-19 negative/PCR

FebriDx result PCR detected not detected Total

Bacterial 2 23 25

Viral 18 5 17

Negative 12 34 52
N=32 N=62 N=94

Sensitivity 56% (95% Cl 40% to 100%)

Specificity 92% (95% Cl 84% to 100%)

Positive 78% (95% Cl 60% to 100%)

predictive value

Negative
predictive value

80% (95% CI 71% to 100%)
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Table 3 Performance characteristics of the FebriDx test
in patients with confirmed fever and/or ongoing respiratory
symptoms

All patients with PCR
COVID-19 positive/

COVID-19 negative/PCR

FebriDx result PCR detected not detected Total

Bacterial 2 21 23

Viral 16 5 21

Negative 12 29 41
N=30 N=55 N=85

Sensitivity 53% (95% CI 37% to 100%)

Specificity 91% (95% Cl 82% to 100%)

Positive 76% (95% Cl 56% to 100%)

predictive value

Negative
predictive value

78% (95% Cl 68% to 100%)

DISCUSSION

This real-world study of the FebriDx point-of-care host
response device in an Australian ED during the COVID-19
pandemic in late 2021 showed a sensitivity of 56% and an
NPV of 80% for the population tested. Subgroup analysis
showed little difference for patients with confirmed fever
or respiratory tract symptoms, but sensitivity rose to 82%
for patients with partial or no prior history of COVID-19
immunisation.

The sensitivity of FebriDx for detecting COVID-19 in this
study was lower than that found in international studies,
where values ranged from 93%-100%.” ® ¥ '* Potential
differences in the studied populations exist, including
the predominant circulating variant of SARS-CoV-2,
population vaccination rates during study recruitment
and COVID-19 incidence among suspected cases. Patient
enrolment dates for these comparable studies ranged
from 2020 until early 2021 when the initial wild type
(ancestral) or alpha (B.1.1.7) SARS-CoV-2 virus was
dominant in the enrolment countries and vaccination
was not widely available."”” In contrast, cases detected
in Victoria, Australia, during our enrolment period were
predominantly of the Delta (B.1.617.2) variant, with
a small number of Omicron (B.1.1.529) cases towards
late 2021 as the variant emerged, and 85% of our study
cohort had completed a primary vaccine course against
COVID-19. Vaccination is shown to reduce progression
to severe COVID-19 illness and death,18 including the
requirement for hospitalisation and oxygen therapy or
advanced supportive care. It is possible that vaccination
has also abated host production of the two host response
proteins,” MxA and CRP, such that test sensitivity is
reduced in the vaccinated host. The potential increase in
sensitivity found in the small number of patients recruited
who were not fully vaccinated supports this hypothesis.

Point-of-care RAT became widely available in Australia
in late 2021, with a sensitivity of 75.5% (95 CI 69.9% to
80.4%) among symptomatic people presenting to the
ED.! While we had hoped to pair FebriDx testing with
corresponding RAT results for direct comparison, RAT

3

availability during the trial period meant that few of the
patients enrolled into this study had RAT results available
and this comparison was not possible. In 2020, Pulia et al?®
postulated the pairing of a high sensitivity dual biomarker
host response test with a high specificity serology-based
test as an effective and rapid initial triage strategy. The
reduced sensitivity found in the vaccinated participants
in our study suggests that this approach may not have
merit throughout all stages of a pandemic, and that the
most useful role for biomarker testing might be during
the early stages of a disease outbreak, when more specific
testing is not yet available.

Limitations

There was a risk of selection bias; sampling was non-
random, with non-consecutive participants enrolled due
to variability in research team availability. The small size
of the sample (n=94) may also have increased the risk
of a type II error, especially when performing subgroup
analysis. However, the initial powering calculations were
designed to estimate NPV, which depends on preva-
lence. At the time of the original power analysis (August
2020), observed prevalence was low (less than 5% in the
target population). This compared with a prevalence of
34% during patient recruitment, making the original
powering obsolete.

An initial sample size of 300 was intended, based on
an 80% probability of achieving a lower limit of the 95%
CI of at least 0.96 for a calculated NPV. This recruitment
target was not achieved due to reduced ongoing avail-
ability of recruitment staff and a pending change in local
testing practices whereby suspected cases would receive
RAT as a substitute for PCR testing.

Patients were enrolled between October 2021 and
January 2022, when there were two predominant
SAR-CoV-2 variants, Delta (B.1.617.2) and Omicron
(B.1.1.529). This may affect the comparability of our
results to those from earlier variant studies in the UK and
Italy.78 s

Since 32% of PCR comparator tests were performed
prior to presenting to our ED, it is possible comparator
results were not standardised throughout the study.
COVID-19 PCR assay determination of positive or nega-
tive results are impacted by the test’s limit of detection
(LoD) as well as number of cycles (cycle thresholds (Ct))
performed to determine if the result is positive /negative.
Both the Ct values and LoDs can vary widely between
COVID-19 assays. Furthermore, PCR tests can remain
positive for days to weeks following an active infection.
Therefore, it is possible that PCR characterised patients
as positive when they may have been presenting to the
hospital with a resolved infection with lingering symp-
toms or an unrelated acute respiratory illness. Finally,
RAT had yet to become widespread in the ED during
the study period, making it impractical to compare the
respective sensitivity and specificity of FebriDx and RAT
for this sample.

4
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CONCLUSION

The FebriDx point-of-care host response device was
found to have an NPV of 80% and sensitivity of 56% for
COVID-19 infection when applied to a mostly immunised
Australian ED population during the late 2021 phase of
the COVID-19 pandemic. This sensitivity was reduced
compared with earlier international tests, which may
reflect differences in population immunisation rates and
the prevalent (SARS-CoV-2) COVID-19 strain at the time
of testing.
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