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Low concentrations of type-I interferon (IFN) in blood seem to be associated with more severe forms of Coronavirus dis-
ease 2019 (COVID-19). However, following the type-I interferon response (IR) in early stage disease is a major challenge.
We evaluated detection of a molecular interferon signature on a FilmArray® system, which includes PCR assays for four
interferon stimulated genes. We analyzed three types of patient populations: (i) children admitted to a pediatric emer-
gency unit for fever and suspected infection, (ii) ICU-admitted patients with severe COVID-19, and (iii) healthcare work-
ers with mild COVID-19. The results were compared to the reference tools, that is, molecular signature assessed with
Nanostring® and IFN-α2 quantification by SIMOA® (Single MOlecule Array). A strong correlation was observed between
the IR measured by the FilmArray®, Nanostring®, and SIMOA® platforms (r-Spearman 0.996 and 0.838, respectively).
The FilmArray® panel could be used in the COVID-19 pandemic to evaluate the IR in 45-min with 2 min hand-on-time
at hospitalization and to monitor the IR in future clinical trials.
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Introduction

Type-I interferons (IFN-I) are a group of cytokines with broad-
spectrum antiviral activities, controlling immune cell proliferation
and modulating the overall immune response [1]. IFN-Is are key
cytokines involved in the response to viral infection and recombi-
nant interferons are used therapeutically during treatment of sev-
eral immune pathological conditions [2, 3]. An antiviral response
is induced upon viral infections and across many cell types which
express protein and nucleic acid sensors. Signal transduction from
these sensors activates the transcription of IFN genes. IFNs are
secreted and bind to specific cell surface receptors. Upon receptor
binding and activation, IFNs induce the transcription of hundreds
of interferon-stimulated genes (ISGs). Most ISGs are involved in
inflammation, cell-to-cell signaling, and immunomodulation.

Coronavirus disease 2019 (COVID-19) is currently pandemic
and characterized, in severe cases, by a cytokine storm associated
with defective IFN production [4–6]. There are several causes to
this impairment, some of which are known as such and include
autoantibody production [7], or specific genetic mutations [8].
Whatever the origin of the type I IFN deficit, it is associated
with more severe forms of COVID-19 disease [4, 5, 9, 10]. Con-
sequently, there is an urgent need to identify patients with an
impaired IFN-I response to propose alternative therapeutics such
as recombinant IFN-type I administration [11].

IFNs are secreted at very low concentrations during the course
of infection. Most of the ELISA platforms used by the routine diag-
nostic laboratory are not able to precisely quantify these proteins.
Only an ultrasensitive digital ELISA (SIMOA®) makes it possi-

ble to detect and enumerate the IFN-α2 protein. Consequently,
IFN-α2 detection in clinical specimens remains a challenging task.
Alternative solutions have therefore been proposed to monitor the
production of these cytokines. The quantification of ISGs tran-
scription (ISG score) in whole blood provides a surrogate esti-
mate of the cellular response to the IFN. We recently reported
that IFN-α2 protein dosage and ISG score are correlated and allow
the discrimination between viral and bacterial infection in sam-
ples of pediatric origin [12]. The application of this score, mea-
sured with a Nanostring® platform, is already used to explore
type-I interferonopathies in the context of autoimmunity [13–15].
Nanostring® and SIMOA® platforms require complex hand-on
activities and have an extended time-to-results. Rapid and sen-
sitive monitoring of an IFN response requires a simpler and faster
tool, more adapted to routine clinical practice. The aim of this
proof-of-concept study is to evaluate a prototype multiplex inter-
feron transcription profiling panel for its ability to semiquantify
four interferon-related mRNA markers directly from blood, using
the BioFire FilmArray® PCR System. The FilmArray® System is
a sample-to-answer, semiquantitative, multiplex PCR test that
requires approximately 2 min hands-on-time for whole blood sam-
ples and results are available in less than 1 h. Several FDA-cleared
and CE-marked diagnostic panels are in use on the FilmArray®

System [16]. Beyond its capacity to detect various pathogens
simultaneously, this system has already demonstrated its abil-
ity to monitor host response during sepsis [17]. In the present
study, using samples from a pediatric cohort (exploratory cohort)
and a subset-cohort of COVID-19 patients (validation cohort),
we compared the performance of three platforms (molecular

Figure 1. Type-I Interferon quantification using FilmArray® platform. (A) Spearman correlation [IC95%] between ISG score as defined by a 6-
interferon stimulated gene transcriptional signature using Nanostring® platform and ISG score as defined by a 4-interferon stimulated gene tran-
scriptional signature using FilmArray® technology, obtained from whole blood from (i) febrile infants (n = 86 patients from one experiment, green
circle) with proven infections attending pediatric emergency departments, (ii) patients with severe infection caused by SARS-CoV2 hospitalized
in the ICU (n = 26 patients from one experiment, red square), and (iii) healthcare workers with COVID-19 with mild symptoms (n = 7 patients
from one experiment, blue triangle) (ρ = 0.991). (B) Spearman correlation between ISG score as defined by a 4-interferon stimulated gene transcrip-
tional signature using FilmArray® technology and IFN-α2 concentrations measured by SIMOA® platform, obtained fromwhole blood from (i) febrile
infants (n = 56 patients from one experiment, green circle) with proven infections attending pediatric emergency departments, (ii) patients with
severe infection caused by SARS-CoV2 hospitalized in the ICU (n = 16 patients from one experiment, red square), and (iii) healthcare workers with
COVID-19 with mild symptoms (n = 7 patients from one experiment, blue triangle) (ρ = 0.832). Patients are represented by different forms and
nonlinear regression (second order polynomial, quadratic) is represented by a black line. IFN (Interferon), ISG (Interferon Stimulated Genes).
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signature assessed with Nanostring® [18], IFN-α2 quantification
by SIMOA® [19], and FilmArray®) in order to assess the rele-
vance of either of these tests to help stratify patients for whom an
IFN support treatment would be considered.

Results and discussion

Correlation of FilmArray® interferon response panel
with reference tools

The quantification of ISGs transcription (IFN signatures) from
whole blood provides a surrogate estimate of the exposure of cells
to type-I IFN. An IFN-based signature of four genes (IFI27, IFIT1,
RSAD2, and IFI44L) was evaluated. We used this FilmArray®

prototype to measure ISG score (i) on samples selected from
the ANTOINE pediatric patients cohort with proven bacterial or
viral infections (n = 86) previously tested with Nanostring®

and SIMOA® platforms [12], (ii) on samples collected from
severe SARS-CoV-2 infected patients hospitalized in Intensive
Care Unit (ICU) (n = 25), (iii) a total of 21 SARS-CoV-2 positive
samples collected from healthcare workers with mild symptoms
(n = 7). The FilmArray® prototype uses four ISGs from the six
(IFI27, IFI44L, RSAD2, IFIT1, SIGLEC1, and ISG15) included in
the Nanostring® IFN-based signature [12]. We assessed the cor-
relation of the FilmArray® pouch prototype with the solutions
currently published and available to monitor the IFN response.
The four ISG-based IFN score using the FilmArray® pouch proto-
type with the six ISG-based Nanostring® signature were strongly
correlated whatever the infectious context or the severity of the
disease (n = 118, ρ-spearman [IC95%]: 0.991 [0.987; 0.994],
Fig. 1A). In the same way, the four ISG-based IFN score using
the FilmArray® pouch prototype were also found to be well cor-
related with the IFN-α2 protein quantification (n = 78, 0.832
[0.746; 0.891] respectively, Fig. 1B). We therefore suggest that
the FilmArray® test could be a suitable tool for monitoring the
type-I interferon response.

New faster tool to monitor the IFN-I response in
COVID patients at ICU admission

We assessed the ISG score using the FilmArray® tool in severe
SARS-CoV-2 infected patients at ±5 days after ICU admission
(n = 16). Setting a cut-off of 3.2 arbitrary units with the
FilmArray® prototype, we were able to segregate the COVID-19
patients with an impairment of their type-I IFN response from
IFN-positive patients, as previously observed using IFN-α2 quan-
tification with SIMOA® platform (Fig. 2) [4]. In addition, ISG
scores for healthy volunteers (n = 10) were not statistically dif-
ferent compared to COVID-19 patients with an altered type I IFN
response at the moment of their ICU admission (Fig. 2). Con-
sequently, the FilmArray® prototype is able to detect an IFN-I
response in COVID-19 patients and to reveal the impairment of
type-I IFN response for some patients.

Figure 2. Type-I IFN assessment in COVID-19 critically ill patients using
FilmArray® platform. ISG score as defined by a 4 interferon stimu-
lated gene transcriptional signature was determined by IFN pouch
FilmArray® panel, obtained from whole blood from selected patients
severely infected by SARS-CoV-2 at ±5 days after admission in the ICU
(n = 16 patients from one experiment) and healthy volunteers (n = 10
donors from one experiment). COVID-19 critically-ill patients are repre-
sented by a black dot, and these samples are stratified according to their
impairment of IFN response. The healthy volunteers (n = 10 donors
from one experiment) are represented by a black dot also. The dashed
line represents the arbitrary threshold of the ISG score set to separate
patients with a positive (n = 4 patients from one experiment) or nega-
tive (n = 12 patients from one experiment) IFN response. The box-and-
whisker plots represent the median and min-max; Mann–Whitney U
test **p < 0.01; ****p < 0.0001. IFN (Interferon), ISG (Interferon Stimulated
Genes).

Prospective studies are needed to determine if patients man-
agement could be optimized by monitoring of the IFN response
during ICU admission. Finally, it would be interesting to perform
a larger prospective study to investigate whether this score can
predict severity of the COVID-19 disease as previously suggested
[5, 10, 20] or if its correlated to the viral load.

Concluding remarks

We have shown that the FilmArray® tool can be used to ade-
quately track, the type-I interferon response. Preliminary data
show that this tool can rapidly identify COVID-19 patients as soon
as ICU admission with an impairment of type-I interferon. The
assay works directly from whole blood, and seems to do as well
as the more complex SIMOA® and Nanostring® tests. We must
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keep in mind that ISGs are an indirect marker of IFN-α secretion,
mainly produced in viral context but can be also induced by other
types of IFN.

Furthermore, the IFN-I response is also dysregulated in
some autoimmune diseases and the monitoring of type-I IFN
is needed for diagnosis and treatment follow-up. FilmArray®

could be a suitable option and needs to be evaluated in further
studies.

Materials and methods

Participants

Serum or plasma samples and PAXgeneTM tubes were collected
from (i) children admitted to a pediatric emergency unit for rea-
son of fever with proven viral of bacterial infection (median age,
21 months; 47% male; 51% bacterial infection; 49% viral infec-
tion); (ii) patients with severe infection caused by SARS-CoV-2
admitted in the ICU of the University Hospital of Lyon (Hôpi-
tal de la Croix Rousse, Hospices Civils de Lyon), France (median
age, 70 years; 88% male; median delay between symptom onset
and ICU admission, 13 days); (iii) healthcare workers with mild
COVID-19 symptoms (median age, 43 years; 0% male; median
delay between symptom onset and protocol inclusion, 2 days);
and (iv) healthy volunteers. These studies were approved by eth-
ical committees for biomedical research (see details in Supple-
mentary methods). Diagnosis of COVID-19 was confirmed in all
patients by qRT-PCR (cobas® SARS-CoV-2 Test, Roche Diagnos-
tics). Concomitantly, blood samples from 25 healthy volunteers
were independently obtained from EFS (Etablissement Français
du Sang, Lyon, France, see details in Supplementary methods con-
cerning the legislation).

IFN-α protein measurement

Serum IFN-α2 concentrations (fg/mL) were determined by single
molecule array (SIMOA®) using a commercial kit for IFN-α2
quantification (QuanterixTM, Lexington, MA). The assay was
based on a three-step protocol using an HD-1 Analyzer (Quan-
terix) and required 3 h of processing time from sample to results
[12, 19].

IFN score assessment

PAXgeneTM blood samples were stabilized for at least 2 h at
room temperature after collection, and frozen at −80°C. Total
RNA was extracted using the PAXgeneTM Blood RNA kit (PreAna-
lytix), following the manufacturer’s guidelines. The RNA quantity
and quality were determined using a Nanodrop (Thermo Scien-
tific) and Bioanalyser 2100 (Agilent) respectively, in accordance
with the manufacturer’s instructions. mRNA quantification of 6

ISGs (interferon alpha inducible protein 27 (IFI27), interferon
induced protein 44 like (IFI44L), Interferon Induced Protein With
Tetratricopeptide Repeats 1 (IFIT1), ISG15 Ubiquitin Like Mod-
ifier (ISG15), Radical S-Adenosyl Methionine Domain Contain-
ing 2 (RSAD2), Sialic Acid Binding Ig Like Lectin 1 (SIGLEC1),
and 3 housekeeping genes (Actin Beta (ACTB), Hypoxanthine
Phosphoribosyltransferase 1 (HPRT1), RNA Polymerase II Sub-
unit A (POLR2A)), was performed using Nanostring® technol-
ogy (Nanostring Technologies©, WA), requiring around 24 h
from sample to results [18]. Data standardization was obtained
using the geometric mean of internal control and housekeeping
genes count number. The ISG score was calculated as previously
described [14].

FilmArray® IFN panel

The first prototype of the IFN pouch encompasses four ISGs previ-
ously measured with Nanostring© platform (IFI27, IFI44L, IFIT1,
RSAD2) and three housekeeping genes (hypoxanthine phospho-
ribosyltransferase 1 (HPRT1), peptidylprolyl isomerase B (PPIB),
2,4-dienoyl-CoA reductase 1 (DECR1)), for signal normalization.
One hundred microliters of PAXgeneTM blood samples were tested
with the IFN prototype [17] according to manufacturer’s instruc-
tions. In brief, the pouches were hydrated with the hydration
solution supplied with the kit. The PAXgeneTM blood samples
were mixed with 800 μL of the Sample Buffer provided with the
kit and directly injected into the pouch and ran on FilmArray®

2.0 and FilmArray® Torch instruments (BioFire Diagnostics, LLC.,
Salt Lake City, UT). Results were delivered in less than 1 h.
Using a research version of the instrument, real-time quantifi-
cation cycle (Cq) values and postamplification melt peaks were
measured for each assay. Normalized expression values of each
assay were then computed using the internal reference genes.
ISG score was calculated in the same way as for the Nanostring®

platforms.

Statistical analysis

Nonparametric Mann–Whitney tests and Spearman’s correlation
were performed for all parameters using the GraphPad Prism
5.02 software. A p-value of <0.05 was considered statistically
significant. Correlations are only performed on dually detected
samples.
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