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Various diagnostic tests utilizing different principles are currently under development for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). However, these tests can occasionally produce
discrepant results, causing confusion in their interpretation. Here, we evaluated the performance and
features of three diagnostic assays: quantitative reverse transcription polymerase chain reaction (RT-
qPCR), FilmArray Respiratory Panel (RP) v2.1, and the LUMIPULSE antigen test. Twenty-seven serial
nasopharyngeal swabs were collected from a prolonged viral shedding patient who had been hospital-
ized for 51 days. We examined the SARS-CoV-2 detection rates of the three tests. The overall agreement
rate was 81% between RT-qPCR and FilmArray RP v2.1, 63% between the antigen test and FilmArray RP
v2.1, and 59% between the antigen test and RT-qPCR. We obtained concordant results in samples with
high viral loads (low threshold cycle values) by all three tests. RT-qPCR and FilmArray RP v2.1 accurately
detected SARS-CoV-2 at the early to intermediate phases of infection, but the results varied at the late
phase. The antigen test also produced a positive result at the early phase but varied at the intermediate
phase and consistently produced negative results at late phase of infection. These results demonstrated
FilmArray RP v2.1 could detect SARS-CoV-2 with accuracy comparable to RT-qPCR. Further, there were
discrepant results using different types of diagnostic tests during the clinical course of prolonged viral
shedding patient. We provided insights into how to utilize different types of kits to assess and manage
SARS-CoV-2 infections.

© 2020 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
The ongoing outbreak of the emergent severe acute respiratory
coronavirus 2 (SARS-CoV-2) started in December 2019 in Wuhan,
China. The total number of infected patients currently stands at 40
million, with 1100,000 fatalities resulting from coronavirus disease
2019 (COVID-19) [1]. Diagnostic test kits used in clinical settings for
.jp (Y. Hirotsu).
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SARS-CoV-2 typically use either nucleic acid amplification to detect
viral RNA or antigen assays to detect protein targets (i.e. spike and
nucleocapsid).

A number of easy-to-use in vitro diagnostic tests for SARS-CoV-2
are currently under development. FilmArray Respiratory Panel (RP)
is a multiplex polymerase chain reaction (PCR) kit that detects 20
pathogens (17 viruses and three bacteria) related to respiratory
disease in a single test. Recently, BioM�erieux launched a new
ous Diseases. Published by Elsevier Ltd. All rights reserved.

mailto:hirotsu-bdyu@ych.pref.yamanashi.jp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jiac.2020.10.026&domain=pdf
www.sciencedirect.com/science/journal/1341321X
http://www.elsevier.com/locate/jic
https://doi.org/10.1016/j.jiac.2020.10.026
https://doi.org/10.1016/j.jiac.2020.10.026
https://doi.org/10.1016/j.jiac.2020.10.026


Y. Hirotsu, M. Maejima, M. Shibusawa et al. J Infect Chemother 27 (2021) 406e409
version of FilmArray RP (version 2.1; also known as BioFire RP 2.1)
[2] which also targets SARS-CoV-2. This assay has been approved
for emergency use by the Food and Drug Administration in the US.
Because FilmArray RP v2.1 can detect the other respiratory patho-
gens including influenza virus, simultaneous detection of viruses
will have more benefits in winter season.

While RT-qPCR remains the gold standard method and is widely
conducted for detecting SARS-CoV-2, many laboratories are using
diagnostic tests utilizing different principles. As these tests have
unique nucleic acid sequence and antigen/epitope targets, they also
differ in sensitivity and specificity. Such variability between diag-
nostic tests could cause confusion amongst clinicians and health-
care workers as to the appropriate test to select and the
interpretation of results.

A 86-year-old woman with a medical history of chronic atrial
fibrillation was transferred to the other hospital due to subdural
hematoma. She had fever (37.6 �C), cough and poor oxygenation
(SpO2: 90%). SARS-CoV-2was detected in nasopharyngeal swabs by
RT-qPCR and the diagnosis of COVID-19 infection was made.
Computed tomography of the chest showed pneumonia with
diffuse glass shadow in the bilateral lung fields. The infected patient
with moderate symptom was transferred to our hospital and
treated with camostat mesilate. Duration of hospitalization was 51
days.

We collected 27 serial nasopharyngeal swabs from the patient
with persistent viral shedding during hospitalization. We analyzed
these swab samples using quantitative reverse transcription PCR
(RT-qPCR), FilmArray RP v2.1 (BioM�erieux, Marcy-l'Etoile, France),
Fig. 1. Comparison of the results of RT-qPCR, FilmArray RP v2.1 and the LUMIPULSE an
swabs were collected from a prolonged viral shedding inpatient. Positive (þ) and negative
qPCR in positive and negative results determined by FilmArray RP v2.1 and the LUMIPULSE an
between Ct values of the 19 samples and results from (left panel) FilmArray RP v2.1 and (righ
and SARS-CoV-2 antigen (Ag) levels. A correlation (R2 ¼ 0.663) was observed between Ct v

407
and the LUMIPULSE antigen test (Fujirebio, Tokyo, Japan) to eval-
uate the performance of these assays at detecting SARS-CoV-2.

Total nucleic acid was automatically isolated from viral trans-
port media [3,4], and subjected to RT-qPCR with the primers and
probe targeting the SARS-CoV-2 nucleocapsid gene [5,6]. Threshold
cycle (Ct) values were assigned to each PCR reaction, and the
amplification curve was visually assessed. We also conducted
multiplex PCR targeting using FilmArray RP v2.1 [7]. FilmArray RP
v2.1 includes two primer sets targeting SARS-CoV-2membrane and
spike genes. The antigen level was determined with LUMIPULSE
SARS-CoV-2 Ag kit on LUMIPULSE G600II [8].

Detection rates of SARS-CoV-2 were 70% (19/27), 67% (18/27),
and 30% (8/27) by RT-qPCR, FilmArray RP v2.1, and the antigen test,
respectively. These results suggested that nucleic acid amplification
has higher sensitivity than antigen detection. FilmArray RP v2.1 did
not detect other viruses or bacteria in the samples, indicating that
the patient was not co-infected with other pathogens.

Overall agreement rates of SARS-CoV-2 detection were 81% (22/
27) between RT-qPCR and FilmArray RP v2.1, 63% (17/27) between
the antigen test and FilmArray RP v2.1, and 59% (16/27) between
the antigen test and RT-qPCR (Fig. 1A); the most concordant results
were observed between RT-qPCR and FilmArray RP v2.1. All positive
samples (n ¼ 8) by antigen detection were also positive by both
FilmArray RP v2.1 and RT-qPCR.

We further examined the relationship between viral load and
detection sensitivity. To this end, we analyzed the Ct values of RT-
qPCR-positive samples (n ¼ 19), with lower Ct values indicating
higher viral loads (and vice versa) in the nasopharyngeal samples.
tigen test. (A) Overall agreement of three assays. Twenty-seven serial nasopharyngeal
(－) results were compared among three assays. (B) Threshold cycle (Ct) values of RT-
tigen test. Nineteen samples were determined as positive by RT-qPCR. The relationship
t panel) the LUMIPULSE antigen test were evaluated. (C) Correlation between Ct values
alues and Ag level (log10 pg/mL).



Table 1
Diagnostic results of 27 serial samples from a persistent viral shedding patient.

Days from admission RT-qPCR FilmArray RP v2.1 LUMIPULSE antigen testa

Judgement Ct Judgement Judgement pg/mL

1 ＋ 24 ＋ ＋ 714.23
3 ＋ 32 ＋ ＋ 17.01
5 ＋ 33 ＋ ＋ 14.30
7 ＋ 43 ＋ ＋ 1.74
10 ＋ 35 ＋ ＋ 4.59
14 ＋ 36 ＋ e 0.51
16 ＋ 40 ＋ e 0.45
18 ＋ 36 ＋ ＋ 2.68
21 ＋ 40 ＋ e 0.66
22 e ＋ e 0.55
24 ＋ 39 ＋ e 0.74
25 ＋ 37 ＋ ＋ 1.04
26 ＋ 35 ＋ ＋ 2.28
27 ＋ 36 ＋ e 0.41
28 e e e 0.29
29 e e e 0.38
30 ＋ 35 ＋ e 0.24
31 e e e 0.22
32 e e e 0.18
35 ＋ 38 ＋ e 0.18
37 e e e 0.09
38 ＋ 43 e e 0.30
39 ＋ 45 e e 0.17
42 ＋ 45 e e 0.15
43 ＋ 39 ＋ e 0.12
44 e ＋ e 0.06
45 e e e 0.46

þ, positive; －, negative.
a Combined with the results of the RT-qPCR test, antigen test determined as positive when antigen level �1.0 pg/mL.
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Average Ct values were 36.1 (range: 24e43) and 44.3 (range:
43e45) for positive (n ¼ 16) and negative (n ¼ 3) samples deter-
mined by FilmArray RP v2.1, respectively (Fig. 1B). These results
indicated that FilmArray RP v2.1 did not detect SARS-CoV-2 in
samples with extremely low viral RNA. A similar trend was
observed for the antigen test, where average Ct values of 34.4
(range: 24e43) and 39.6 (range: 35e45) for positive (n ¼ 8) and
negative (n ¼ 11) samples, respectively, were measured (Fig. 1B).
The Ct value was correlated with the antigen level (R2 ¼ 0.663)
(Fig. 1C).

The patient in this study had a long viral shedding duration. We
examined the timing of positive and negative results determined by
the three assays. In the early phase of infection (days 1e10 after
admission), all five samples were determined as positive by the
three tests (Table 1). During the intermediate phase (day 14e26),
almost all samples (7/8 samples) were determined as positive by
RT-qPCR and FilmArray RP v2.1, while the results fluctuated for the
antigen test. In the late phase of infection (after 27 days), both RT-
qPCR and FilmArray RP showed “positive to negative” or “negative
Table 2
Features of RT-qPCR, FilmArray RP v2.1, and the LUMIPULSE antigen test.

Assay Principle Strong points

RT-qPCR Detects SARS-CoV-2 RNA
by PCR amplification

� Assesses viral load
� High sensitivity

FilmArray RP v2.1 Detects SARS-CoV-2 RNA
by PCR amplification

� Short runtime (45
� Easy of use
� High sensitivity

LUMIPULSE
antigen test

Detects SARS-CoV-2 N protein by
chemiluminescent enzyme
immunoassay

� Short runtime (30
� High throughput

60e120 samples /

408
to positive” fluctuations (Table 1), as we previously described [8].
The antigen test consistently returned negative results at the late
phase of infection (Table 1).

RT-qPCR can quantitatively evaluate viral RNA levels with high
sensitivity. Our results show that both RT-qPCR and FilmArray RP
v2.1 can detect prolonged viral shedding [9e11]. Half of COVID-
19 patients shed virus particles up to 25 days after the first
positive PCR test [12]. Higher viral loads (lower Ct values) were
observed in COVID-19 patients in the first week of the onset of
symptoms and viable SARS-CoV-2 was cultured within 7e9 days
of onset [9,11]. However, infectious SARS-CoV-2 are not always
present in patients who have prolonged viral production and
shedding [13,14]. As RT-qPCR and FilmArray RP v2.1 cannot
distinguish between RNA of live viruses from that of non-
infectious viruses, we should carefully interpret Ct values and
viral load results, especially in the late phase of the infection
period. We also consider that the contamination of PCR inhibitor
reduces amplification efficiency, which may cause negative re-
sults in sample with low viral RNA.
Weak points

quantitatively � Long runtime (3e4 h)
� Low throughput
� Requires equipment, skilled technician
� Results fluctuates at the late phase of infection

min) � Qualitative assay
� High cost
� Requires equipment
� Results fluctuates at the late phase of infection

min)
(maximum
one hour)

� Low sensitivity
� Requires equipment
� Results fluctuates at the intermediate phase of infection
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In summary, the accuracy was comparable between RT-qPCR
and FilmArray RP v2.1. Using different types of test kits, we
encountered discrepancies between the results from a prolonged
viral shedding patient depending on the viral load and the phase of
infection. Although further studies are needed to clarify these re-
sults are observed in other patients, our results provide the strong
and weak points of each test (Table 2). These features may help
healthcare worker to properly interpret results. Combining diag-
nostic tests (i.e. PCR-based test and antigen test) could avoid false-
positive and false-negative results, provide accurate results and be
beneficial to better manage COVID-19 infected patients.
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