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ARTICLE INFO ABSTRACT

Keywords: Accurate and rapid laboratory tests are essential for the prompt diagnosis of COVID-19, which is important to
Evaluation patients and infection control. The Xpert Xpress SARS-CoV-2 test is a real-time RT-PCR intended for the qualitative
SARS-CoV-2 detection of nucleic acid from SARS-CoV-2 in upper respiratory specimens. In this study, we assessed the analytical
EZ)LIID-19 performance characteristics of this rapid test for SARS-CoV-2 in 60 bronchoalveolar lavage (BAL) specimens. BAL
Cepheid is a specimen type that is not authorized under EUA for the Xpert Xpress SARS-CoV-2 test. The limit of detection

of the Xpert Xpress SARS-CoV-2 test was 500 copies/ml. The overall agreement of the Xpert Xpress SARS-CoV-2
test was 100%. The Xpert Xpress SARS-CoV-2 test is sensitive and specific to aid in diagnosis of COVID-19 using

bronchoalveolar lavage.

1. Introduction and background

Coronaviruses are important human and animal pathogens associ-
ated with a variety of diseases from mild conditions to very severe ill-
nesses that require hospitalization, intensive care unit admission and
mechanical ventilation [1,2]. There have been tireless efforts to under-
stand virology, transmission and pathogenesis of SARS-CoV-2 and the
management of COVID-19; however, the ongoing COVID-19 pandemic
continues to pose significant challenges to public health beyond the im-
pact of the disease itself [3,4]. The United States is one of the emerging
epicenters of the COVID-19 pandemic and surpassed 800,000 deaths
from SARS-CoV-2. Diagnostic testing availability and capacity are the
critical components to meet the challenge of the COVID-19 pandemic.
Among many commercial diagnostic tests approved under the FDA’s
emergency use authorization (EUA) process, nucleic acid amplification
tests (NAATSs) are the primary mean in diagnosing COVID-19 and they
are the gold standard diagnostic method [5,6]. NAATs are developed
based on genomic information of SARS-CoV-2. Different tests have dif-
ferent genetic targets including the envelope gene (E), the nucleocapsid
gene (N), the ORFlab gene (RdRp) and the spike gene (S). Most NAATs
utilize a dual- or triple-target design to safeguard against potential mu-
tations in the SARS-CoV-2 genome [7,8]. Cepheid’s SARS-CoV-2 tests
including Xpert Xpress SARS-CoV-2, designed with multiple gene tar-
gets to ensure comprehensive virus detection, have proven to be robust
and reliable over time. Omicron is currently the dominant SASR-CoV-2
strain worldwide, and it is characterized by the large number of muta-

tion in the spike gene [9]. The Xpert Xpress SARS-CoV-2 test is designed
to target both E and N2 genes and can detect Omicron. We have recently
published a method for specifically positively detecting Omicron BA.1
with the Cepheid test demonstrating that the Cepheid method detects
this variant [10].

The Xpert Xpress SARS-CoV-2 test is a real-time RT-PCR authorized
by the FDA under emergency use authorization (EUA) for the qualitative
detection of nucleic acid from SARS-CoV-2 in upper respiratory speci-
mens such as nasopharyngeal swab, nasal swab or nasal wash. However,
lower respiratory specimens (including bronchoalveolar lavage) are not
authorized under the EUA for the Xpert Xpress SARS-CoV-2 test. This
molecular test can provide rapid detection of SARS-CoV-2 as soon as
thirty minutes for positive results with less than a minute of hands-on-
time to prepare clinical specimens. The Xpert Xpress SARS-CoV-2 test is
a fully integrated sample-to-answer assay, and it has been demonstrated
to be highly sensitive and specific [11,12]. Given the major advantages
of this test along with bronchoalveolar lavage (BAL) being widely ac-
cepted in clinical settings, the evaluation of the Xpert Xpress SARS-CoV-
2 test to detect SARS-CoV-2 in BALs is essential.

2. Methods and results

In this evaluation study, we used the GeneXpert Infinity System
(Cepheid, Sunnyvale, CA), which is an automated molecular device per-
forming specimen processing and real-time RT-PCR.
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Table 1
Limit of detection of the Xpert Xpress SARS-CoV-2 test to
detect SARS-CoV-2 in bronchoalveolar lavage

Copies/ml E gene (% positive) N2 gene (% positive)
1,000 5/5 (100%) 5/5 (100%)
500 19/20 (95%) 20/20 (100%)
250 4/10 (40%) 10/10 (100%)
125 1/5 (20%) 5/5 (100%)
Table 2

Sensitivity, specificity, and agreement of the Xpert
Xpress SARS-CoV-2 test to detect SARS-CoV-2 in bron-
choalveolar lavage

Xpert Xpress SARS-CoV-2 test Reference

Positive Negative
Positive 30 0
Negative 0 30
Sensitivity 30/30=100%
Specificity 30/30=100%
Agreement (30+30)/(30+30)=100%

According to the Cepheid’s package insert, if both targets (E and N2)
are detected or if only N2 is detected, the test reports a positive re-
sult. If only E is detected, the test reports a presumptive positive result
because the target is shared with other coronaviruses belonging to the
Sarbecovirus subgenus of the Coronaviridae family. The analytical sen-
sitivity of the Xpert Xpress SARS-CoV-2 test was performed using one
lot of testing cartridges, reagents, and serial dilutions of the quantitated
SARS-CoV-2 (ZeptoMetrix). The limit of detection (LOD) was assessed
by analyzing SARS-CoV-2 simulated BAL specimens with known viral
load ranging from 125 to 1,000 copies/ml. All specimen dilutions were
prepared using a clinical negative BAL matrix. For each dilution, 300 uL
was tested using the Xpert Xpress SARS-CoV-2 test as per the manufac-
turer’s instructions. The LOD titer is defined as the lowest concentration
at which >95% of specimens tested generated positive calls Table 1.
showed that the positivity rate of 20 replicates observed was >95% at
500 copies/ml for both N2 (20/20, 100%) and E (19/20, 95%) targets.
The LOD of the Xpert Xpress SARS-CoV-2 test for BAL was determined
as 500 copies/ml.

To assess analytical performance characteristics of the Xpert Xpress
SARS-CoV-2 test for BAL, a total of 60 BAL specimens (30 residual clin-
ical negatives, 6 residual clinical positives, and 24 SARS-CoV-2 simu-
lated positives) were tested using the Xpert Xpress SARS-CoV-2 test.
The SARS-CoV-2 simulated specimens were made by spiking SARS-CoV-
2 (ZeptoMetrix) in a clinical negative BAL matrix to generate 6 different
levels from 1X LOD to 30X LOD. Results from the Xpert Xpress SARS-
CoV-2 test were compared to the original results from the CDC 2019-
nCoV RT-PCR Diagnostic Panel, which served as the reference method.
In a side-by-side comparison between 30 positive BAL specimens and
30 negative BAL specimens, there was 100% agreement between the
Xpert Xpress SARS-CoV-2 test and the CDC 2019-nCoV RT-PCR Diag-
nostic Panel. The sensitivity was 100% (30/30), and the specificity was
100% (30/30) as shown in Table 2. There were not any failures of sam-
ple processing control (SPC), which is present to control for adequate
processing of the specimens and to monitor for the presence of poten-
tial inhibitors in the RT-PCR reaction. In addition, invalid or canceled
results were not observed during the evaluation. Precision analysis was
also performed by testing two negative and two positive BAL specimens,
which were run by 3 different technologist, and all of them (100%)
yielded expected results.
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3. Discussion and conclusion

While routine bronchoscopy with BAL is not recommended as the
first procedure to detect SARS-CoV-2 due to a risk of aerosolization, the
detection of SARS-CoV-2 in BAL can significantly impact patient care
in appropriate clinical scenarios. There have been anecdotes of positive
lower respiratory infections despite clearance from the upper airways.
A few studies have now made it into the literature that confirm these
impressions. Gualano and colleagues reported an interesting case of a
patient with a very high suspicion for COVID-19-associated pneumo-
nia. The patient had two negative SARS-CoV-2 upper respiratory tract
specimens, and then the virus was detected in BAL [13]. A recent study
reported that SARS-CoV-2 was detected in 16% of 198 BAL specimens
collected from the COVID-19 suspected patients who had single, dou-
ble, or triple negative nasopharyngeal swab before bronchoscopy was
performed [14]. In this study, our evaluation revealed that the Xpert
Xpress SARS-CoV-2 test performed similarly to the CDC 2019-nCoV RT-
PCR Diagnostic Panel on the BAL specimens. There were not any dis-
crepant results between these two molecular assays. We did not see any
false positives or false negatives when tested the negative or positive
BAL specimens, respectively. While the LOD of the Xpert Xpress SARS-
CoV-2 test for BAL is 500 copies/ml, the test can detect N2 at the lower
concentration of 125 copies/ml as shown in Table 1, indicating that the
test can report a positive result even there is a low viral quantity in the
specimen. Recently Loeffelholz and colleagues showed that the Xpert
Xpress SARS-CoV-2 test provided a sensitive detection of SARS-CoV-2 in
483 upper- and lower-respiratory-tract specimens; however, the lower-
respiratory-tract specimens were tracheal aspirates [15]. Another study
also demonstrated an accurate detection of SARS-CoV-2 in 162 speci-
mens (120 deep throat saliva specimens and 42 lower-respiratory-tract
specimens including only one BAL) by the Xpert Xpress SARS-CoV-2 test
[16]. Compared with these studies, we examined fewer specimens due to
limitations in personnel. Taken together, the Xpert Xpress SARS-CoV-2
test effectively detects SARS-CoV-2 RNA directly from BAL, demonstrat-
ing high sensitivity, specificity, and accuracy.

Author contributions

TP and AW: designed the study and wrote the manuscript; AM and
MM: managed the testing.

Declaration of Competing Interest

The authors declare no competing financial interests.

Acknowledgments

We thank the UPMC Clinical Microbiology Laboratory for testing the
specimens and performing the evaluation.

Funding

The study was internally funded by the UPMC Clinical Laboratories
as part of a Quality Improvement initiative. No funding was obtained
from any commercial sources. The funders did not have input into study
design, analysis, nor generation of this communication.

Ethical approval

All testing was performed as apart of routine clinical care and per-
formed according to CLIA "88 regulations by appropriate personnel. The
entire study was deemed to be a Quality Improvement initiative by the
UPMC IRB and approved by the UPMC QI Review Board.



T. Phan, A. Mays, M. McCullough et al.

References

[1]

[2]

[3]

[4]

[5

=

[6]

71

[8]

9]
[10]

K. Renu, P.L. Prasanna, A.G. Valsala, Coronaviruses pathogenesis, comorbidities and
multi-organ damage - A review, Life. Sci. 255 (2020) 17839.

N. Chams, S. Chams, R. Badran, A. Shams, A. Araji, M. Raad, S. Mukhopadhyay,
E. Stroberg, E.J. Duval, L.M. Barton, I. Hajj Hussein, COVID-19: a multidisciplinary
review, Front. Public. Health. 8 (2020) 83.

B. Hu, H. Guo, P. Zhou, Z.L. Shi, Characteristics of SARS-CoV-2 and COVID-19, Nat.
Rev. Microbiol. 19 (2021) 141-154.

M. Sironi, S.E. Hasnain, B. Rosenthal, T. Phan, F. Luciani, M.A. Shaw, M.A. Sallum,
M.E. Mirhashemi, S. Morand, F. Gonzéilez-Candelas, SARS-CoV-2 and COVID-19:
A genetic, epidemiological, and evolutionary perspective, Infect. Genet. Evol. 84
(2020) 104384.

R. Nyaruaba, C. Mwaliko, W. Hong, P. Amoth, H. Wei, SARS-CoV-2/COVID-19 labo-
ratory biosafety practices and current molecular diagnostic tools, J. Biosaf. Biosecur.
(2021) Online ahead of print.

M.R. Gitman, M.V. Shaban, A.E. Paniz-Mondolfi, E.M. Sordillo, Laboratory diagnosis
of SARS-CoV-2 pneumonia, Diagnostics. (Basel). 11 (2021) 1270.

L.P. Guaman-Bautista, E. Moreta-Urbano, C.G. Ofia-Arias, M. Torres-Arias, N.C. Kyr-
iakidis, K. Malc1, N. Jonguitud-Borrego, L. Rios-Solis, E. Ramos-Martinez, A. Lopez—
Cortés, C. Barba-Ostria, Tracking SARS-CoV-2: novel trends and diagnostic strate-
gies, Diagnostics. (Basel). 11 (2021) 1981.

N. Younes, D.W. Al-Sadeq, H. Al-Jighefee, S. Younes, O. Al-Jamal, H.I. Daas,
H.M. Yassine, G.K. Nasrallah, Challenges in laboratory diagnosis of the novel coro-
navirus SARS-CoV-2, Viruses 12 (2020) 582.

A Vaughan, Omicron emerges, New Sci 252 (2021) 7.

T. Phan, S. Boes, M. McCullough, J. Gribschaw, J. Marsh, H.L. Harrison, A. Wells, De-
velopment of the one-step qualitative RT-PCR assay to detect SARS-CoV-2 Omicron
(B.1.1.529) variant in respiratory specimens, J. Clin. Microbiol. (2022) jcm0002422.
Online ahead of print.

[11]

[12]

[13]

[14]

[15]

[16]

Journal of Clinical Virology Plus 2 (2022) 100067

A. Moran, K.G. Beavis, S.M. Matushek, C. Ciaglia, N. Francois, V. Tesic, N. Love,
Detection of SARS-CoV-2 by use of the Cepheid Xpert Xpress SARS-CoV-2 and Roche
cobas SARS-CoV-2 assays, J. Clin. Microbiol. 58 (2020) e00772 20.

H. Hou, J. Chen, Y. Wang, Y. Lu, Y. Zhu, B. Zhang, F. Wang, L. Mao, Y.W. Tang, B. Hu,
Y. Ren, Z. Sun, Multicenter evaluation of the Cepheid Xpert Xpress SARS-CoV-2
assay for the detection of SARS-CoV-2 in oropharyngeal swab specimens, J. Clin.
Microbiol. 58 (2020) e01288 20.

G. Gualano, M. Musso, S. Mosti, P. Mencarini, A. Mastrobattista, C. Pareo, M. Za-
ccarelli, P. Migliorisi, P. Vittozzi, A. Zumla, G. Ippolito, F. Palmieri, Usefulness of
bronchoalveolar lavage in the management of patients presenting with lung infil-
trates and suspect COVID-19-associated pneumonia: A case report, Int. J. Infect.
Dis. 97 (2020) 174-176.

C. Barberi, E. Castelnuovo, A. Dipasquale, F. Mrakic Sposta, G. Vatteroni,
L.M. Canziani, M. Alloisio, M. Ciccarelli, C. Selmi, G.M. Ferraroli, Bronchoalveolar
lavage in suspected COVID-19 cases with a negative nasopharyngeal swab: a retro-
spective cross-sectional study in a high-impact Northern Italy area, Intern. Emerg.
Med. 16 (2021) 1857-1864.

M.J. Loeffelholz, D. Alland, S.M. Butler-Wu, U. Pandey, C.F. Perno, A. Nava,
K.C. Carroll, H. Mostafa, E. Davies, A. McEwan, J.L. Rakeman, R.C. Fowler,
J.M. Pawlotsky, S. Fourati, S. Banik, P.P. Banada, S. Swaminathan, S. Chakravorty,
R.W. Kwiatkowski, V.C. Chu, J. Kop, R. Gaur, M.L.Y. Sin, D. Nguyen, S. Singh,
N. Zhang, D.H. Persing, Multicenter evaluation of the Cepheid Xpert Xpress SARS—
CoV-2 test, J. Clin. Microbiol. 58 (2020) e00926 20.

R.C. Wong, A.H. Wong, Y.I. Ho, E.C. Leung, R.W. Lai, Evaluation on testing of deep
throat saliva and lower respiratory tract specimens with Xpert Xpress SARS-CoV-2
assay, J. Clin. Virol. 131 (2020) 104593.


http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0001
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0001
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0001
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0001
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0002
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0002
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0002
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0002
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0002
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0002
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0002
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0002
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0002
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0002
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0002
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0002
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0003
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0003
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0003
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0003
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0003
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0004
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0004
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0004
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0004
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0004
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0004
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0004
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0004
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0004
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0004
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0004
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0005
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0005
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0005
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0005
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0005
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0005
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0006
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0006
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0006
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0006
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0006
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0007
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0007
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0007
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0007
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0007
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0007
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0007
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0007
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0007
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0007
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0007
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0007
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0008
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0008
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0008
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0008
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0008
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0008
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0008
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0008
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0008
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0009
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0009
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0010
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0010
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0010
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0010
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0010
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0010
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0010
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0010
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0011
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0011
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0011
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0011
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0011
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0011
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0011
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0011
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0012
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0012
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0012
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0012
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0012
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0012
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0012
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0012
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0012
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0012
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0012
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0012
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0012
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0013
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0013
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0013
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0013
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0013
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0013
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0013
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0013
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0013
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0013
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0013
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0013
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0013
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0014
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0014
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0014
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0014
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0014
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0014
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0014
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0014
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0014
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0014
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0014
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0015
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0016
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0016
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0016
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0016
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0016
http://refhub.elsevier.com/S2667-0380(22)00007-2/sbref0016

