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a b s t r a c t 

Background: SARS-CoV-2 is taking a huge toll on society while influenza and RSV detection are also becoming 

more important. These viruses pose a high burden on health care. Rapid and accurate diagnostics for these 

pathogens are important for swift triage in the hospital. Fast molecular point of care test (mPOCT) assays for these 

pathogens can prove an alternative. Here a multi-center evaluation of the Xpert® Xpress SARS-CoV-2/Flu/RSV 

assay is reported. 

Study design: The Xpert® Xpress SARS-CoV-2/Flu/RSV assay was compared to three reference assays at three 

Dutch medical microbiology laboratories. An external quality assessment panel consisting of 16 specimens con- 

taining SARS-CoV-2, influenza viruses, RSV or human seasonal coronaviruses, or a combination thereof were 

used. Clinical specimens containing SARS-CoV-2 ( n = 57), influenza viruses ( n = 21) or RSV ( n = 12), at a wide 

range of relevant concentrations were used. One laboratory also tested zoonotic avian and swine influenza viruses, 

and eight relevant SARS-CoV-2 variants. 

Results: The Xpert® Xpress SARS-CoV-2/Flu/RSV assay showed equal performance compared to the reference 

assays. All SARS-CoV-2 variants of interest and variants of concern were accurately detected. Human seasonal 

coronaviruses were not detected. All four circulating seasonal influenza virus subtypes/lineages and both RSV 

types were accurately detected as well as a set of recent zoonotic avian and swine influenza viruses. The clinical 

specimens showed 98.2% concordance using this assay. 

Conclusion: The Xpert® Xpress SARS-CoV-2/Flu/RSV assay is a good alternative for accurate detection for SARS- 

CoV-2, influenza type A virus, influenza type B virus and RSV types A and B detection in a short timeframe. 
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. Background 

In December 2019 the first patient suffering from SARS-CoV-2 was

eported in Wuhan, China and on the 11th of March 2020 SARS-CoV-2

as declared a pandemic. [ 1 , 2 ] Since then over 182 million confirmed

ases and over 3.9 million deaths worldwide have been attributed to

he virus which continues to circulate and cause morbidity and mortal-

ty across the globe. [3] The symptoms induced by a SARS-CoV-2 infec-

ion can vary a great amount from causing an asymptomatic infection

o severe respiratory failure. [4] Traditionally, specimens derived from

atients with suspected SARS-CoV-2 infection are tested using RT-PCR,

owever the process of testing can be time consuming. 
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To provide a quick platform for SARS-CoV-2 diagnostics, Cepheid

eveloped the Xpert® Xpress SARS-CoV-2 point-of-care test in April

020 which has a hands on time limited to 2 − 3 min and a run-time of

5 − 50 min. [5] Although the convenience of this test has been shown,

ne of the downsides of this assay is that it can only test for the pres-

nce of SARS-CoV-2. In the more temperate regions of the Northern

emisphere, influenza virus A/B and RSV A/B infection levels normally

eak each year from December – March. Infections with SARS-CoV-2

nd RSV can show similar symptoms. [ 6 , 7 ] In order to allow diagnostic

aboratories to be able to test patient derived specimens on a multitude

f respiratory diseases, Cepheid has developed the Xpert® Xpress SARS-

oV-2/Flu/RSV cartridges which allows for testing of patient material

or the presence of SARS-CoV-2, Influenza A/B and RSV A/B virus using

 single cartridge. The aim of this study is to evaluate the performance
article under the CC BY-NC-ND license 
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Table 1 

composition of validation panel. 

Panel coding 

Specimen contents 

dPCR RdRP-gene 

copies/mL for 

SARS-CoV-2 containing 

specimens 

RT-qPCR Ct for 

RdRP-gene for 

SARS-CoV-2 containing 

specimens 

Target specific Ct value for viruses other 

than SARS-CoV-2 a 

Virus 1 Virus 2 Virus 1 Virus 2 

EQA-01 SARS-CoV-2 - 1.73E + 05 25.69 –

EQA-02 SARS-CoV-2 - 1.73E + 04 29.32 – –

EQA-03 SARS-CoV-2 A(H1N1)pdm09 

clade 6B1A5A 

8.65E + 02 33.78 – 28.62 

EQA-04 SARS-CoV-2 - 1.73E + 02 36.10 – –

EQA-05 b SARS-CoV-2 - 1.73E + 01 37.31 – –

EQA-06 SARS-CoV-2 B/Yamagata 

clade 3 

8.65E + 03 31.25 – 28.75 

EQA-07 SARS-CoV-2 RSV-A 8.65E + 02 33.6 – 23.66 

EQA-08 SARS-CoV-2 B/Victoria clade 

1A (del162–163) 

8.65E + 02 35.05 – 27.73 

EQA-09 A(H1N1)pdm09 

clade 6B1A5A 

RSV-B – – 28.69 23.04 

EQA-10 SARS-CoV-2 A(H3N2) clade 

3C.2A1b + 131K 

8.65E + 02 33.67 – 26.15 

EQA-11 SARS-CoV-2 A(H3N2) clade 

3C.3a 

8.65E + 01 35.69 – 26.45 

EQA-12 SARS-CoV-2 RSV-B 8.65E + 02 33.9 – 23.75 

EQA-13 hCoV-NL63 - – – 28.10 –

EQA-14 SARS-CoV-2 hCoV-229E 8.65E + 02 34.32 – 18.95 

EQA-15 hCoV-OC43 - – – 27.77 –

EQA-16 – - – – – –

a Ct values for influenza viruses A(H1N1)pdm09, A(H3N2), B/Victoria and B/Yamagata, hCoV-229E, hCoV-NL63, hCoV-OC43, RSV-A and RSV-B. 
b Educational specimen. If the specimen is tested multiple times the RT-PCR assays can show a negative result for some of the replicates. 
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f the Xpert® Xpress SARS-CoV-2/Flu/RSV test and determine if it is a

seful addition to the respiratory viral diagnostic repertoire. 

. Materials and methods 

.1. Panel preparation 

The external quality assessment (EQA) panel used for this eval-

ation was prepared at the Dutch National Institute for Public

ealth and the Environment (RIVM). The SARS-CoV-2 virus (hCoV-

9/Netherlands/NoordBrabant_10003/2020) was isolated from a na-

opharynx swab obtained from a Dutch patient testing positive for SARS-

oV-2 by RT-PCR. The virus stock was grown by inoculating 100 μl

f the isolate onto a monolayer of VERO-E6 (ATCC CRL-1586) cells in

EM with Hank’s salts with 10% Fetal Calf Serum (FCS) and 100 units

f penicillin and streptomycin/mL at 37 °C for 7 days. After 7 days the

ytopathic effect (CPE) was > 90% and after a freeze/thaw cycle, an-

ther passage on a VERO-E6 monolayer took place. This second pas-

age was incubated at 35 °C for 4 days until > 90% CPE was reached,

nd a viral stock volume was made for further use. SARS-CoV-2 was

eat inactivated before preparing the panel. Laboratory strains of hu-

an coronaviruses (for hCoV-OC43 and hCoV-229E from ATCC and for

CoV-NL63 kindly provided by Dr. L. van der Hoek, Amsterdam Uni-

ersity Medical center) and RSV-A and RSV-B (kindly provided by Dr.

. van Kampen, Erasmus Medical center) were used for panel prepara-

ion. The influenza viruses used were primary isolates obtained from na-

ional general practitioner-based influenza surveillance at RIVM (type,

ubtype, lineage and clades relevant for current circulating strains in

able 1 ). The panel comprised a total of 16 specimens containing ei-

her one or a combination of two viruses mentioned above. SARS-CoV-2

as also included as dilution series to determine sensitivity. All speci-

ens were made in MEM with Hanks’ salts and to each specimen 10,000

Ep2 cells (ATCC® CCL-23) were added per milliliter to simulate a hu-

an specimen in virus transport medium. Details of the EQA panel with

xpected positivity indicated by Ct values are listed in Table 1 . 

As an extra evaluation of the Xpert® Xpress SARS-CoV-2/Flu/RSV

ssay laboratory 3 also tested specimens containing isolates of SARS-
2 
oV-1, avian influenza viruses H5N8 (A/Chicken/Netherlands/EMC/

/2014 and A/Netherlands/14015531/2014), H7N7 (A/Netherlands/

3/03) and H1N1v swine influenza virus (A/Netherlands/10370–1b/

020). Also several SARS-CoV-2 variants, namely Alpha, Beta, Gamma,

psilon, Zeta and three other variants (pangolineage B.1.177,

.1.258.21 and C.2.1) were tested using the assay. 

.2. Selection of clinical specimens 

From each of the three participating laboratories a subset of speci-

ens obtained from patients tested for SARS-CoV-2 in November 2020

ere included in the evaluation. A total of 20 specimens were selected:

0 highly positive clinical specimens (original Ct values 20–30) and

0 weakly positive clinical specimens (original Ct value > 30). A to-

al of twelve clinical specimens containing the following viruses were

ncluded: influenza virus A(H1N1)pdm09, A(H3N2), B/Victoria and

/Yamagata, RSV-A and RSV-B. For each virus, a specimen with a high

nd a low viral load was selected. If typing/subtyping was not avail-

ble, two specimens with a high and two specimens with a low virus

oad were selected. The clinical specimens were obtained mainly by

sing a nasopharyngeal and oropharyngeal swab collected in Glucose-

actalbumin-Yeast Virus Transportation Medium (GLY) or Universal

ransport Medium (UTM) medium. Specimens were stored at − 80 °C

efore testing. Laboratory 2 only had one specimen containing influenza

irus B available. No lineage determination was performed for this sam-

le. Influenza subtyping and lineage determination of the clinical sam-

les of laboratory 1 was performed by laboratory 3. Table 2 provides an

verview of the specifications of the selected clinical specimens. 

.3. Testing 

The EQA panel was shipped frozen on dry ice ensuring the same

mount of freeze-thaw cycles for all locations. Both panel specimens and

linical specimens were processed according to the routine diagnostic

rotocol as performed in each lab (see Table 3 and Table 4 ). Laboratory

 did not perform RSV typing. Laboratory 2 did not perform influenza

irus type A subtyping, no influenza virus type B lineage determination
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Table 2 

RT-PCR Ct range of clinical specimens. 

Clinical specimens N E-gene average Ct (range) RdRP-gene average Ct (range) a N-gene average Ct (range) b Target specific average Ct (range) 

High load SARS –CoV-2 30 23.1 (17.2 – 30.7) 24.1 (19.8 – 29.5) 23.4 (18.8 – 28.1) NA 

Low load SARS-CoV-2 30 c 34.1 (31.5 – 37.0) 30.6 (29.6 – 32.6) 36.7 (34.3 – 38.7) NA 

High load influenza A(H1N1)pmd09 ( n = 2), A(H3N2) ( n = 2) and influenza A ( n = 2) 6 NA NA NA 23.1 (20.4 – 26.7) 

Low load influenza A(H1N1)pmd09 ( n = 2), A(H3N2) ( n = 2) and influenza A ( n = 2) 6 NA NA NA 33.8 (32.5 – 36.7) 

High load influenza B/Victoria ( n = 1), B/Yamagata ( n = 2) and influenza B ( n = 1) 4 NA NA NA 27.1 (24.6 – 29.1) 

Low load influenza B/Victoria ( n = 2), B/Yamagata ( n = 3) and influenza B ( n = 0) 5 NA NA NA 33.8 (31.4 – 37.3) 

High load RSV-A ( n = 1) and RSV-B ( n = 1) and RSV ( n = 5) 7 NA NA NA 25.2 (20.0 –28.0) 

Low load RSV-A ( n = 1) and RSV-B ( n = 1) and RSV ( n = 3) 5 NA NA NA 35.5 (33.4 – 37.8) 

a One out of three laboratories used RdRP-gene in addition to E-gene in the routine test used for SARS-CoV-2 diagnostics. 
b Two out of three laboratories used N-gene in addition to E-gene in the routine test used for SARS-CoV-2 diagnostics. 
c Twenty-seven could be confirmed by repeat testing of which the Ct values are shown. 

Table 3 

Routine diagnostic assay of each laboratory for SARS-CoV-2 detection. 

RNA extraction kit RNA extraction platform RT-PCR kit RT-PCR enzymes Primers and probes used RT-PCR platform 

Laboratory 1 Xpert® Xpress SARS-CoV-2 

cartridges 

Cepheid, Gene Xpert® Xpert® Xpress 

SARS-CoV-2 cartridges 

NA E-gene Cepheid, Gene Xpert®

N2-gene 

Laboratory 2 a BD, BD MAX TM SARS-CoV-2 

reagents 

BD, BD MAX TM system BD, BD MAX TM 

SARS-CoV-2 reagents 

NA N1-gene BD, BD MAX TM system 

N2-gene 

Siemens, VERSANT Specimen 

Preparation 1.0 Reagent Kit 

Tecan, Freedom EVO®

150 

NA Life Technologies, Taqman 

FastVirus 1-step mastermix 

E-gene ThermoFisher, QuantStudio 6 

Pro-Real-Time PCR System N1-gene 

Laboratory 3 Roche, MagNApure 96 DNA 

and Viral NA Small Volume kit 

Roche, MagNA Pure 96 

Instrument 

NA Life Technologies, Taqman 

FastVirus 1-step mastermix 

E-gene Roche, LightCycler® 480 

Instrument II RdRP-gene 

a Laboratory 2 used two different workflows for SARS-CoV-2 detection. The first workflow (top) was used for testing the EQA panel and retesting SARS-CoV-2 negative clinical specimens. The second workflow 

(bottom) was used for retesting the SARS-CoV-2 positive clinical specimens. 
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4 
or RSV typing. Panel specimens and clinical specimens for the Xpert®

press SARS-CoV-2/Flu/RSV assay were processed according to man-

facturer’s instruction and only required 300 𝜇l specimen input. The

pert® Xpress SARS-CoV-2/Flu/RSV assay contains primers and probes

argeting the E-gene and N2-gene of SARS-CoV-2, the matrix protein,

B2 and PA genes of influenza virus type A, the matrix protein and

on-structural protein genes of influenza virus type B and nucleocapsid

enes of RSV-A and RSV-B. The assay provides results for SARS-CoV-2,

nfluenza virus by type (type A two channels) and RSV without typing. 

. Results 

.1. EQA panel 

Laboratory 1 did not test the EQA panel with the routine workflow

the Xpert® Xpress SARS-CoV-2 assay). This was deemed unnecessary

s their routine SARS-CoV-2 diagnostics assay was already validated by

olters et al. in a similar validation. [5] None of the assays used by the

aboratories (neither routine assays nor the Xpert® Xpress SARS-CoV-

/Flu/RSV assay) gave positive results for the included seasonal coro-

aviruses (hCoV-NL63, hCoV-229E and hCoV-OC43). At laboratory 2

he routine assay did not detect SARS-CoV-2 in specimen 5 (17.3 copies

dRP/ml). Using the routine assay, laboratory 2 detected SARS-CoV-2

n specimens 4 and 11 (173 and 85.6 copies RdRP/ml, respectively),

ut only using the N2 target gene whilst the N1 target gene was re-

orted as negative. None of the routine assays misdiagnosed any of the

nfluenza virus or RSV containing specimens included in the panel. Us-

ng the Xpert® Xpress SARS-CoV-2/Flu/RSV assay laboratory 1 did not

etect SARS-CoV-2 in specimen 5 (17.3 copies RdRP/ml) although the

ther two laboratories did detect SARS-CoV-2 in this specimen. Speci-

en 9 containing both influenza virus A(H1N1)pdm09 and RSV-B tested

ositive for influenza virus A only in the Xpert® Xpress SARS-CoV-

/Flu/RSV assay at laboratory 3. The other two laboratories tested this

pecimen positive for both influenza A virus and RSV in this assay. Using

he Xpert® Xpress SARS-CoV-2/Flu/RSV assay specimen 11 containing

oth SARS-CoV-2 (86.5 copies RdRP/ml) and influenza A(H3N2) tested

ositive for influenza A virus only in laboratory 2 and 3. In laboratory

 this specimen tested positive for both influenza A virus and SARS-

oV-2. The data are summarized in Table 5 . Taking into account false

egatives for the 17.3 and 86.5 copies SARS-CoV-2 RdRP-gene/ml spec-

mens and no false negatives with 10-fold higher concentration speci-

ens, the SARS-CoV-2 LOD for the Xpert® Xpress SARS-CoV-2/Flu/RSV

ssay is estimated roughly between 86.5 and 173 copies RdRP-gen/ml

pecimen. All specimens containing avian and swine influenza viruses

ested positive for influenza virus type A using the Xpert® Xpress SARS-

oV-2/Flu/RSV assay. The SARS-CoV-1 containing specimen as well

s all SARS-CoV-2 variants were reported positive for SARS-CoV-2 by

he Xpert® Xpress SARS-CoV-2/Flu/RSV assay. All SARS-CoV-2 variants

ested by laboratory 3 were accurately detected in a high and low con-

entration at 1.14E06–6.59E06 and 1.14E04–6.59E04 dPCR RdRP-gene

opies/ml, respectively. 

.2. Clinical specimens 

At all three laboratories the clinical specimens containing influenza

irus or RSV, tested negative for SARS-CoV-2. All specimens tested posi-

ive for influenza and RSV with the Xpert® Xpress SARS-CoV-2/Flu/RSV

ssay, except for one specimen from laboratory 3 that tested negative

or RSV. This specimen contained a low concentration of RSV-A con-

rmed by re-testing. All high titer SARS-CoV-2 containing clinical speci-

ens were confirmed SARS-CoV-2 positive upon testing with the Xpert®

press SARS-CoV-2/Flu/RSV assay. Of the low titer clinical SARS-CoV-2

pecimens laboratory 1 showed an N-gene only positive result for two

pecimens using their regular diagnostic workflow. The E-gene result

as negative for these specimens. One of these two specimens also was

egative upon retesting with the Xpert® Xpress SARS-CoV-2/Flu/RSV
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5 
ssay, confirming low viral content. From the low load SARS-CoV-2

ositive specimens, three specimens selected by laboratory 3 were not

econfirmed using the routine assay. In two of these three specimens

ARS-CoV-2 could still be detected using the Xpert® Xpress SARS-CoV-

/Flu/RSV assay. All other selected clinical specimens tested positive

or SARS-CoV-2 by both the routine SARS-CoV-2 diagnostic workflows

nd the Xpert® Xpress SARS-CoV-2/Flu/RSV assay at all locations. This

ata is summarized in Table 6 . 

. Discussion 

In this study we have shown that Cepheid’s Xpert® Xpress SARS-

oV-2/Flu/RSV assay is a highly sensitive SARS-CoV-2, influenza A/B

nd RSV-A/-B specific mPOCT. The performance of this assay using a

ariety of EQA and clinical specimens of high and low viral load was

ighly similar to that of the SARS-CoV-2, influenza A/B and RSV-A/-B

ssays routinely performed by the participating laboratories. In another

ulticenter European validation this same conclusion was reached with

5% concordance of all tested clinical specimens. [8] 

An advantage of the Xpert® Xpress SARS-CoV-2/Flu/RSV assay is

he runtime of only 45 − 50 min as well as the option for random ac-

ess. Decreased runtime of diagnostics can decrease length of stay on an

mergency ward, expedite intake of antiviral drugs and lessen the num-

er of tests ordered. The latter is especially true for multiplex assays as

hey test for multiple pathogens per run. [ 9 , 10 ] 

As an extra control several SARS-CoV-2 variants, namely Alpha, Beta,

amma, Epsilon, Zeta and three other variants (pangolineage B.1.177,

.1.258.21 and C.2.1) were tested using the assay. All variants were

ccurately detected in a high and low concentration. The capacity of

he assay to detect (novel) variants of SARS-CoV-2 makes it a robust

ssay. 

The Cepheid’s Xpert® Xpress SARS-CoV-2/Flu/RSV assay uses two

arget genes for both SARS-CoV-2 and influenza detection. An advan-

age of this is that it decreases the chance of false negative test results

hen testing (novel) genetic variants of those pathogens. For example

utations in SARS-CoV-2 variant B.1.1.7/20B/501Y.V1 can cause an S-

ene dropout in certain assays. [11] If an assay uses only one target gene

or detection of a pathogen, there is a higher chance of false-negative

esults when confronted with novel variants than in assays with multi-

le target genes. There is a limited chance that a novel variant avoids

etection of two or more target genes at the same time. 

In addition, recent zoonotic avian and swine influenza viruses were

ccurately detected by the assay. Swine and avian influenza variants are

nown to infect the human population. [12] The ability of the Xpert®

press SARS-CoV-2/Flu/RSV assay to detect these strains increases its

sability in potential outbreaks. 

Currently there is an RSV epidemic in the Netherlands which does

ot fit in the regular yearly (winter) cycle in which the disease normally

s present. [13] This finding is similar to the delayed increase in RSV

nfections found in France, Australia, Argentina, Chile and South-Africa.

14–20] As SARS-CoV-2, (zoonotic) influenza and RSV diseases show

imilar symptoms it is very convenient to triage patients quickly into

he correct hospital ward. [ 4 , 6 , 7 ] This decreases the chance on cross-

ontamination between different patient groups. Considering the high

hroughput of suspected SARS-CoV-2/influenza/RSV patients in certain

ospital wards, it is highly practical to have a multiplex assay capable

f testing for all three diseases in the same run. 

The LOD of Cepheid’s Xpert® Xpress SARS-CoV-2/Flu/RSV assay is

stimated roughly between 86.5–173 digital copies of positive strand ge-

omic SARS-CoV-2 RNA/ml. This is similar to the LOD of 131 copies/ml

eported by the manufacturer. [21] The only false positive result with

he Gene Xpert® SARS-CoV-2/Flu/RSV assay when testing any of the

pecimens was obtained with SARS-CoV-1. It is known that the E-gene

omponent of the Xpert® Xpress SARS-CoV-2/Flu/RSV assay is specific

or the SARS-like betacoronavirus group to which SARS-CoV-1 belongs.

onsidering the fact that SARS-CoV-1 currently does not circulate in
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6 
he human population, there is no reason to question whether a clinical

pecimen might be SARS-CoV-1 positive when the assay reports it as

ARS-CoV-2 positive. 

All in all the Gene Xpert® SARS-CoV-2/Flu/RSV assay is a reliable

ethod for rapid detection of SARS-CoV-2, influenza type A virus, in-

uenza type B virus and RSV types A and B. 
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