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ABSTRACT The rapid and accurate detection of influenza A virus (FIuA), influenza B
virus (FluB), and respiratory syncytial virus (RSV) improves patient care. Sample-to-
answer (STA) platforms based on nucleic acid amplification and detection of these
viruses are simple, automated, and accurate. We compared six such platforms for
the detection of FIuA, FluB, and RSV: Cepheid GeneXpert Xpress Flu/RSV (Xpert), Ho-
logic Panther Fusion Flu A/B/RSV (Fusion), Cobas influenza A/B & RSV (Liat), Luminex
Aries Flu A/B & RSV (Aries), BioFire FilmArray respiratory panel (RP), and Diasorin
Simplexa Flu A/B & RSV (Simplexa). Nasopharyngeal (NP) swab specimens (n = 225)
from children previously tested by RP were assessed on these platforms. The results
were compared to those of the Centers for Disease Control and Prevention (CDC)-
developed real-time reverse transcription-PCR (rRT-PCR) assay for influenza A/B vi-
ruses and RSV. Subtyping for FIuA and FluB was performed for discrepant analysis
where applicable. The percent sensitivities/specificities for FIuA detection were 100/
100 (Fusion), 98.6/99.3 (Xpert), 100/100 (Liat), 98.6/100 (Aries), 98.6/100 (Simplexa),
and 100/100 (RP). The percent sensitivities/specificities for FIuB detection were 100/
100 (Fusion), 97.9/99.4 (Xpert), 97.9/98.3 (Liat), 93.7/99.4 (Aries), 85.4/99.4 (Simplexa),
and 95.8/97.7 (RP); and those for RSV detection were 98.1/99.4 (Xpert), 98.1/99.4
(Liat), 96.3/100 (Fusion), 94.4/100 (Aries), 87/94.4 (Simplexa), and 94.4/100 (RP). The
75 strains confirmed to be FIuA included 29 pH1N1, 39 H3N2, 4 sH1NT, and 3 un-
typed strains. The 48 strains confirmed to be FluB included 33 strains of the
Yamagata lineage, 13 of the Victoria lineage, 1 of both the Yamagata and Victoria
lineages, and 1 of an unknown lineage. All six STA platforms demonstrated >95%
sensitivity for FIuA detection, while three platforms (Fusion, Xpert, and Liat) demon-
strated >95% sensitivity for FluB and RSV detection.

KEYWORDS FluA/B and RSV, sample to answer, clinical microbiology

cute respiratory tract infections are the most common illnesses affecting individ-

uals of all ages and genders across the globe (1, 2). Among the diverse group of
pathogens that cause these illnesses, influenza viruses (influenza A virus [FIuA] and
influenza B virus [FluB]) and respiratory syncytial virus (RSV) are two of the most
prevalent (3, 4). RSV is the leading cause of viral bronchiolitis, resulting in a high rate
of emergency department (ED) visits and hospitalization of young children (5, 6).
Influenza virus infections, too, result in a high rate of morbidity and mortality in
patients, along with the burden of hospitalization, multiple outpatient visits, and
workday absenteeism (7-9). The rapid and accurate diagnosis of FluA/B and RSV has the
potential to decrease the ED length of stay, reduce the need for additional diagnostic
tests with a corresponding reduction in patient charges, and guide the judicious and
appropriate use of antibiotics and antiviral agents, thereby resulting in better patient
management (10-12).
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Traditional laboratory methods, such as culture, serology, and direct immunofluo-
rescence assay (DFA), have been used to identify these viruses. However, the delay in
result availability for culture and serology and the increased technical expertise re-
quired for DFA have limited their use in recent years. With the shift of emphasis on
rapid turnaround time (TAT), lateral flow rapid antigen detection tests (RADTs) were
favored over traditional methods due to their ease of use and rapid result availability
for both FIuA/B and RSV (10, 13). However, clinical experience with RADTs has docu-
mented their poor sensitivities compared to those of traditional methods (13, 14).
Hence, the majority of the nucleic acid amplification tests (NAATSs) designed to amplify
and detect viral RNA targets gained prominence due to a TAT shorter than that of
culture, their cost-effectiveness, and their superior accuracy (14). Traditional reverse
transcription-PCRs (RT-PCRs) require nucleic acid extraction prior to the amplification
process, a low- to moderate-complexity (MC) instrument, trained personnel to perform
both extraction and PCR, and manual interpretation of results, necessitating a TAT of
approximately 3 to 4 h. The recently introduced automated sample-to-answer (STA)
NAAT systems have improved the ease of use and provide moderate to highly accurate
test results with a faster TAT. At present, a number of STA FIuA/B and RSV molecular
assays are approved by the Food and Drug Administration (FDA) and available for
clinical use: GeneXpert Xpress Flu/RSV (Xpert; Cepheid, Sunnyvale, CA) (15, 16), Diasorin
Simplexa Flu A/B & RSV (Simplexa; Diasorin Molecular, Cypress, CA) (17), Alere (Abbott
Rapid Diagnostics, IL) (18, 19), Aries Flu A/B & RSV (Aries; Luminex Corporation, Austin,
TX) (20), Cobas influenza A/B & RSV (Liat; Roche Diagnostics, Indianapolis, IN) (21),
BioFire FilmArray respiratory panel (RP; BioFire Diagnostics, Salt Lake City, UT), and
Panther Fusion Flu A/B/RSV (Fusion; Hologic Inc,, San Diego, CA), among others (https://
www.cdc.gov/flu/professionals/diagnosis/table-nucleic-acid-detection.html). Of these
STA assays, Alere, Liat, and Xpert offer Clinical Laboratory Improvement Amendments
(CLIA)-waived (CW) assays suitable for point-of-care (POC) testing by nonlaboratory per-
sonnel to provide test results within 15 to 30 min in outpatient settings (21, 22).

Our aim was to evaluate the performance of six FDA-cleared STA FIuA/B and RSV
molecular assays compared to the results of the Centers for Disease Control and
Prevention (CDC) influenza virus real-time RT-PCR (rRT-PCR) and RSV rRT-PCR assays as
the reference methods (14, 23, 24). Multiple studies have reported the enhanced
performance of the CDC Flu A/B rRT-PCR assay over other diagnostic assays (25-27).
Moreover, typing of FIuUA/B into the respective subtypes by the CDC rRT-PCR method
provides conclusive evidence for discrepant analysis. The STA FIUA/B/RSV assays se-
lected for this comparative study included Fusion, Aries, Xpert, Simplexa, RP, and Liat.

MATERIALS AND METHODS

Samples. A total of 225 retrospective nasopharyngeal (NP) specimens collected from children
between the ages of 2 months and 80 months (median age = 7 months) during the respiratory infection
seasons of 2012 to 2017 and previously characterized to be positive (75 specimens positive for FIuA, 50
specimens positive for FIuB, 51 specimens positive for RSV) or negative (n = 49) by RP were used for the
study. The specimens were initially collected in 3 ml universal transport medium (Becton, Dickinson and
Company, NJ). Frozen samples were thawed by a deidentifier to distribute appropriate volumes into
separate vials on the same day to maintain uniformity, and a single freeze-thaw cycle was performed for
all the samples prior to testing across all platforms. The aliquot for Xpert testing was shipped to a
neighboring hospital, while the other aliquots were distributed to the designated operators at Children’s
Mercy Hospital, Kansas City, MO, for Fusion, Aries, Liat, Simplexa, and CDC rRT-PCR testing (23). Test
operators were blind to the historical sample results. Appropriate controls were run for each of the assays
at the recommended frequencies per manufacturer instructions prior to processing of the samples to
ensure the validity of the results. This study was reviewed and approved by the Institutional Review
Board at Children’s Mercy Hospital, Kansas City, MO.

STA testing. An allocated amount of the sample was dispensed in the cassette/cartridge for Aries,
Liat, and Xpert testing (200 wl) or in the transfer tube for Fusion testing (500 wl) and loaded onto the
respective instrument as instructed in the package inserts. For Simplexa testing, 50 ul each of a
FluA/FIuB/RSV-specific reaction mix and sample was dispensed into the respective wells in the direct
assay disc. The disc was then loaded onto the integrated cycler, and the FluA/B- and RSV-specific protocol
was run on the instrument. Results were obtained at various time points for the respective assays: 20 min
for Liat, 30 min for Xpert, 75 min for Simplexa, 2 h for Aries, and 2.4 h for Fusion. Samples with an initial
invalid or error result were repeated once on the respective platforms using an extra frozen aliquot of
the specimen.
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FIG 1 Influenza A and B virus-positive specimens and their subtypes. Of 75 FluA-positive samples, 72 were typed
successfully and 3 specimens were nontypeable after two attempts. Of 48 FluB-positive samples, 47 were typed

successfully, with 1 sample being nontypeable.

Reference testing. Nucleic acid was extracted from 210 ul of specimen (200 ul of clinical specimen
plus 10 ul of the MS2 plasmid that served as the internal control) using a NucliSENS easyMag system
(bioMérieux) and eluted in 110 ul of elution buffer. Extracted samples were then distributed into 3
aliquots, the first of which was used for a control (as discussed below) and RSV PCR (24), the second of
which was used for a FIuA/B screening PCR, and the third of which was used for a FIuA and -B subtyping
PCR (the protocol for FIuUA/B screening and typing can be obtained by request from https://www.cdc
.gov/flu/clsis/index.htm) (23). The same-day aliquoting was done to avoid multiple freeze-thaw cycles of
the samples. To determine the quality of the extracted sample and extraction efficiency, we first
performed RT-PCR to amplify RNase P (human gene) and MS2 (extraction control). Samples amplifying
both targets were evaluated by FIuA/B and RSV RT-PCRs. The primers and probes for all targets were
designed following CDC guidelines (23, 24). Real-time RT-PCR was performed on an ABI 7500 system.
Samples positive by FIuA/B screening were subtyped using primers for specific pandemic HIN1 (pH1N1),
seasonal HIN1 (sH1N1), and H3N2 strains for influenza A virus and the Yamagata and Victoria lineages
for influenza B virus. The FIuA/B subtyping test results were used for discrepant analysis of FluA and FluB.
RSV subtyping was not performed. The results of all assays and RP (historical results) were compared with
those of the reference standard CDC rRT-PCR FluA/B and RSV assays for sensitivity/specificity calculations.

Data analysis. Reportable data were categorized as true positive (TP), true negative (TN), false
positive (FP), and false negative (FN). The following calculations were used to determine the diagnostic
yield among the different assays: sensitivity = [number of samples with TP results/(number of samples
with TP results + number of samples with FN results)] and specificity = [number of samples with TN
results/(number of samples with TN results + number of samples with FP results)]. The 95% confidence
intervals were calculated according to the efficient-score method (corrected for continuity). A whisker
box plot was used to demonstrate the cycle threshold (C;) values for the three analytes (FIuA, FluB, and
RSV) on the different platforms with the median and interquartile range (IQR). A two-tailed t test was
done to determine the significance between C; values comparing Fusion with the other platforms for
each of the targets, FluA, FluB, and RSV.

RESULTS

Of the 225 samples selected on the basis of RP historical results, CDC rRT-PCR results
confirmed the following: 75 samples had FluA-positive results, 48 samples had FluB-
positive results, 54 samples had RSV-positive results, and 48 samples had negative
results. Our final analysis was based on the CDC rRT-PCR FIuA/B and RSV assay results.

Influenza virus. On the basis of the results of the CDC rRT-PCR assay, a total of 123
influenza virus-positive specimens were tested on the 5 STA platforms. As shown in Fig.
1, these 123 specimens comprised 75 FluA-positive and 48 FluB-positive samples.
Subtyping with HIN1- and H3N2-specific primers demonstrated 29 pH1N1, 39 H3N2,
and 4 sH1N1 strains. However, 3 FluA-positive strains remained untyped, and 2 of these
strains were influenza A virus type H3 and 1 was influenza A virus type H1, on the basis
of RP historical data. Of the 48 FluB-positive specimens, 33 specimens were of the
Yamagata lineage, 13 specimens belonged to the Victoria lineage, and 1 specimen
tested positive for both types. The lineage of one FluB-positive specimen remained
undetermined (Fig. 1).
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TABLE 1 Performance of STA platforms for detection of FluA, FluB, and RSV“

Journal of Clinical Microbiology

Value(s) for the following platform:

Virus and parameter Fusion Aries Liat Xpert Simplexa BioFire RP
FluA
No. of samples with the
following result:

P 75 74 75 74 74 75

TN 150 150 150 149 150 150

FP 0 0 0 1 0 0

FN 0 1 0 1 1 0

% sensitivity (95% Cl) 100 (93.9-100)

98.6 (91.7-99.9) 100.0 (93.9-100)

98.6 (91.7-99.9)

% specificity (95% Cl)
Subtype of sample with FN result None pH1N1 None H3N2

FluB
No. of samples with the
following result:

TP 48 45 47 47
TN 177 176 174 176
FP 0 1 3 1
FN 0 3 1 1

% sensitivity (95% Cl)
% specificity (95% Cl)

Subtype of sample with FN result None Yamagata (3) Yamagata Yamagata
(no. of strains)
RSV
No. of samples with the
following result:
TP 52 51 53 53
™ 171 171 170 170
FP 0 0 1 1
FN 2 3 1 1

% sensitivity (95% Cl)
% specificity (95% Cl)

100 (96.8-100) 100 (96.8-100) 100 (96.8-100) 99.3 (95.7 —99.9)

100 (90.7-100) 93.7 (81.8-98.3) 97.9 (87.5-99.8) 97.9 (87.5-99.8)
100 (97.3-100) 99.4 (96.4-99.9) 98.3 (94.7-99.6) 99.4 (96.3-99.9)

96.3 (86.2-99.3) 94.4 (83.6-98.5) 98.1 (88.8-99.9) 98.1 (88.8-99.9)
100 (97.2-100) 100 (97.2-100) 99.4 (96.3-99.9) 99.4 (96.3-99.9)
Subtype of sample with FN result Not performed Not performed Not performed Not performed

98.63 (91.7-99.9)
100 (96.8-100)
H3N2

41

176

1

7

85.4 (71.6-93.5)
99.4 (96.4-99.9)

100 (93.9-100)
100 (96.8-100)
None

46

173

4

2

95.8 (84.6-99.2)
97.7 (93.9-99.2)

Yamagata (5), Victoria (2) Yamagata (2)

47

170

1

7

87 (74.5-94.2)
99.4 (96.3-99.9)
Not performed

51

171

0

3

94.4 (83.6-98.5)
100 (97.2-100)
Not performed

aTP, true positive; TN, true negative; FP, false positive; FN, false negative; Cl, confidence interval.

FluA. Comparing the results across the 6 STA platforms with those of CDC rRT-PCR,
Fusion, Liat, and RP were positive for 75 samples, whereas Xpert, Aries, and Simplexa
were positive for 74 samples. The sensitivity and specificity of each assay for detecting
FIuA are shown in Table 1, along with the numbers of samples with FP and FN results.
Three different FluA-positive samples were falsely negative on 3 platforms (one each on
Aries, Xpert, and Simplexa), and discrepant analysis for these samples demonstrated 2
as H3N2 and 1 as sH1N1 (Table 1). The specificity was 100% for all platforms except
Xpert, which had a specificity of 99.3% with 1 FP result.

FluB. Of the 48 FluB-positive specimens, Fusion detected all 48, whereas Xpert, Liat,
Aries, Simplexa, and RP were positive for 47, 47, 45, 41, and 46 samples, respectively.
Table 1 depicts the sensitivity, the specificity, and the overall numbers of samples with
FP and FN results for each assay. The highest rate of FN results was observed with the
Simplexa assay (7/48), while the highest rate of FP results was observed with RP (4/173).
A total of 7 FluB-positive specimens could not be detected by a single STA assay:
Simplexa (n = 5), Aries (n = 1), and RP (n = 1). Discrepant analysis of these samples
demonstrated 6 infected with strains of the Yamagata lineage and 1 infected with a
strain of the Victoria lineage. One FluB specimen tested negative by 3 assays (RP, Aries,
Simplexa) and one specimen tested negative by 4 assays (Simplexa, Xpert, Liat, Aries),
and both of these belonged to the Yamagata lineage. All STAs except Fusion demon-
strated FP results (RP, n = 4; Aries, n = 1; Xpert, n = 1; Simplexa, n = 1; Liat, n = 3).

RSV. Of the 54 RSV specimens, Xpert and Liat each found that 53 were positive,
whereas 52 samples were positive for RSV by Fusion. Aries and RP were each positive
for 51 specimens, and Simplexa was positive for 47 specimens. Sensitivity and speci-
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Flu A N  Median IQR P
50 FluA Ct valuesonallplatforms Assay vibias
e Fusion 75 25.7 218 =285
30 é é é é é Aries 74 301 260 -334  <0.0001
S » é Xpetl 74 261 226 -289
10 Xpert2 74 286 246 -311 00004
0 Simplexa 74 285 252 =318 <0.0001
. CDC 75 25.7 219 -288
*s""\ o @‘o *qéa : \@Q\e @9& RT-PCR
50 FluB Ct values on all platforms FluB N  Median IQR P
40 Assay values
Fusion 48 28.1 244 =321
g% é % % % é Asies 45 313 282-348 00013
20 Xpert 47 269 245 =344
10 Simplexa 41 256 268 =325  0.0091
0 CDC 48 272 237 =315
Fusion Aries Xpert Smplexa RT-PCR RT-PCR
50 RSV Ct valueson all platforms RSV N  Maedian IQR P
40 Assay values
_— é é é % é Fusion 52 233 213 -267
Ares 51 283 263 —-32.1  0.00001
» Xpet 53 261 232 -295
10 Simplexa 47 277 246 -303  0.0091
0 CDC 54 254 24 -289
Fusion Aries Xpert Smplexa RT-PCR RT-PCR

FIG 2 Box plot diagrams and tables depicting the C; values for FIUA (top), FluB (middle), and RSV (bottom) detection on STA
platforms and the reference method, rRT-PCR. Significant P values comparing Fusion with the other assays are also reported.

ficity for RSV detection were the highest in Xpert and Liat and the lowest in Simplexa
(Table 1). RSV-positive specimens were undetected six times on a single platform
(Fusion, n = 1; Simplexa, n = 5), twice on 2 platforms (Aries and Simplexa, RP and
Simplexa), once on 3 platforms (RP, Aries, and Simplexa), and once on all STA platforms.
The rate of FN results was the highest for Simplexa, but the rate of FP results was
comparable across all assays evaluated (Table 1).

Invalid results. The result for a sample was deemed invalid when there was an error
or a failure to generate a result. On the basis of the initial results, the number of invalid
results was the highest on Xpert (n = 7) and Liat and Fusion (n = 5 each), followed by
Aries (n = 2) and Simplexa (n = 1). The results for all impacted samples were valid upon
retesting on the Fusion, Aries, and Liat platforms. Six samples with invalid results on
Xpert had valid results upon repeat testing; however, the result for 1 sample was invalid
on repeat testing. The single sample with an invalid result on Simplexa also had an
invalid result on repeat testing. The rate of invalid results remained undetermined for
RP since we collected only historical data from this platform.

C,. The median and IQR cycle threshold (C;) values for FIuA, FluB, and RSV on the
Fusion, Aries, Xpert, and Simplexa platforms and the CDC rRT-PCR are depicted as box
plots in Fig. 2. Liat and RP do not report C; values; hence, they could not be
incorporated into the analysis. The mean C; = standard deviation (SD) for the reference
method (CDC rRT-PCR) was 25.6 *+ 4.31 for FIuA, 27.5 = 5.35 for FluB, and 26.2 = 5.32
for RSV. The method with the lowest mean C; = SD was Fusion for FIUA (25.4 = 4.56),
with this value being significantly lower than the C; values for all other assays (Fig. 2).
Xpert showed the lowest mean C; = SD for FluB (27.5 = 5.06). The lowest mean C; =
SD for RSV was demonstrated by Fusion (25.13 = 6.01), which had a significantly lower
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C;than Aries and Simplexa (Fig. 2). The highest mean C; = SD for all three targets was
for Aries (for FluA, 30.01 = 4.54; for FluB, 31.4 = 4.59; for RSV, 29.4 * 4), with Aries
showing greater than 3 C;s of difference from the C; of the CDC rRT-PCR.

Analysis of the C; values for discrepant samples did not reveal any significant
pattern that could be attributed to the lack of detection. C; values for samples in which
virus was not detected on the different platforms ranged from 21 to 39 for FluA, 28 to
37 for FluB, and 29 to 42 for RSV. The single specimen that tested negative for RSV with
all STA assays had a C; of 33.25 by the CDC rRT-PCR. Thus, we failed to conclude any
direct correlation between the incidences of FN and the viral load.

DISCUSSION

It is suggested that although infectious influenza virus is not released from adults
after 5 days of illness, virus shedding is typically longer (range, 7 to 10 days) in children,
patients with chronic illnesses, and immunocompromised patients (28-30). Current
evidence also suggests that the peak viral load is higher in children than in adults (7,
28, 30), which makes detection of pathogens from pediatric respiratory specimens
more sensitive. Our study compared 6 different STA assays for FluA/B and RSV detection
in a pediatric population. Separate studies with Xpert, Aries, Liat, RP, and Simplexa have
established their utility and importance in the rapid diagnosis of these pathogens from
respiratory specimens both in children and in adults (15-18, 20, 21, 31-34). Previous
studies comparing Aries and Xpert showed 96 to 100% sensitivity and 99.3 to 100%
specificity for all three targets between the assays (31) or 96.6% positive percent
agreement (PPA) for FluA, 100% PPA for FluB and RSV, and 98.9% negative percent
agreement (NPA) (32). In a separate retrospective study evaluating Xpert versus RP, the
PPA for FIuA and RSV was reported to be 100% and the PPA for FluB was reported to
be 92.3% (34). Similarly, a 100% PPA was reported for FIuA and FluB and a 97.1% PPA
was reported for RSV; an NPA of 95.2%, 99.5%, and 99.6% was reported for FIuA, FluB,
and RSV, respectively, in a separate study evaluating the performance of the Xpert
FIuA/B RSV assay (33). Our study showed similar sensitivities and specificities for FluA
(98.6% and 99.3%, respectively), FluB (97.9% and 99.4%, respectively), and RSV (99.1%
and 98.4%, respectively) by Xpert. A multicenter clinical evaluation of the Aries system
reported 95.8%, 93.8%, and 97.1% PPA for FluA, FluB, and RSV, respectively, a 98.4%
NPA for FIuA and RSV, and a 99.4% NPA for FluB (20). We report a higher specificity for
all three targets with Aries and comparable sensitivities in our study. In two studies
evaluating the performance of Cobas Liat FIuA/B RSV assays, the sensitivity and
specificity for all three targets were reported to be 96 to 100% (21, 35), which compare
well with findings from our study (sensitivity and specificity, 100% and 100%, respec-
tively, for FIuA; 97.9% and 98.3%, respectively, for FluB; and 98.1% and 99.4%, respec-
tively, for RSV). Simplexa showed a significantly lower sensitivity for both FluB (85.4%)
and RSV (87%) in our study compared to the results from the earlier study (99.3% for
FluB and 96.8% for RSV), but specificity values were similar to those from the earlier
study (17). Overall, the assays in our study panel demonstrated greater than 93%
sensitivity and specificity for all analytes (FIuA, FluB, and RSV), with the exception of
Simplexa, which demonstrated 85.3% and 87% sensitivities for FluB and RSV, respec-
tively. The overall highest numbers of FP and FN results were obtained with Liat (n =
4) and Simplexa (n = 16), respectively.

Studies evaluating the detection of influenza A virus have reported a lower sensi-
tivity for some commercial assays for various strains. This finding may be attributed to
the assay design, which leads to a variation in the ability to detect circulating strains or
emerging strains with antigenic drift or shift (36, 37). Antigenic variability is also seen
in influenza B virus and RSV, although at a lower prevalence (38-40). Mutations or
polymorphisms in primer or probe binding regions create a probe-target mismatch that
may affect the detection of new or unknown variants, resulting in a false-negative result
and a missed diagnosis (41-43). Additionally, potentially interfering substances like
blood or mucus could also impact the outcome of the assay and its result, especially in
the absence of an optimum nucleic acid extraction method. We did not observe
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TABLE 2 Workflow parameters

Value or result for the following platform:

Parameter Fusion Aries Simplexa Xpert Liat RP
Complexity® HC MC MC cw cw MmC
Sample vol (ul) 500 200 50 200 200 200
Assay time (min) 145 120 75 30 20 60
Random access Yes Yes No Yesb Yes® No
Sample loading capacity per 120 12 8 1-16 1 1
instrument
Throughput (no. of samples) 335 48 50 16 24 8

per instrument in 8 h

aHC, high complexity; MC, moderate complexity; CW, CLIA waived.
bBased on the modules (Xpert) or the number of instruments (Liat) implemented.

significant FN results with FIuA in our study. However, a high number of FluB and RSV
specimens were undetectable by Simplexa (7/48 and 7/54, respectively), which could
be due to the above-mentioned reasons or lower viral loads in the specimens.

Hospitals and clinical labs require the prompt and accurate diagnosis of FluA/B and
RSV. Although commonly used STA platforms may have performance trends similar to
those depicted in our study, some may offer advantages worth considering. For
example, assays with a time to result of less than 30 min are suitable for use in
outpatient settings (e.g., ED, urgent care centers) to enable prompt clinical decision
making and may be preferred, despite their usually higher cost. Such POC assays are
performed on simple, small instruments that are easy to maneuver and do not require
specialized training. Since POC testing is performed by clinical staff rather than
laboratory-trained individuals, adequate laboratory quality management practices need
to be implemented to reduce any errors that could potentially occur due to a lack of
training. Therefore, POC testing requires significant support from the laboratory to
ensure the integrity of the testing and meet accreditation requirements (44).

Among the STA platforms tested in our study, Liat had the shortest time to a result
of 20 min (Table 2), followed by Xpert (30 min), which leads to their popularity for POC
testing. These 2 assays are advantageous in settings where continuous testing of single
specimens can withstand the steady inflow of patients, providing rapid confirmation of
the presence of these 3 pathogens in the outpatient setting.

The Simplexa assay time to result was 75 min, with an additional hands-on time of 10
min for loading the disc to its full capacity. The loading of the sample and the instrument
is relatively simple and requires a small cycler that is connected to a computer. Aries and
Fusion have a time to result of 2 h and 2.4 h, respectively. The large size of these
instruments is not conducive to the ED setting and is better suited to the clinical laboratory.

Additional considerations for the selection of FIuA/B and RSV STA assays include
throughput, batch mode versus random access ability, the required sample volume,
ease of use, invalid result rate, additional test menu, and ability to interface with
laboratory information systems (LIS). A random access capability enables testing of
individual samples at the precise time that they are most needed. This leads to
providing more timely results for physicians and patients and also increases laboratory
work flow efficiency. The Liat and Xpert assays process one sample at a time, but
samples can also be tested in batches using multiple instruments or modules concur-
rently (one specimen per instrument). The Simplexa and Aries assays are designed to
run in batch modes with a sample size of 8 and 6 to 12, respectively. The Aries M1
system has 1 magazine, and the Aries system has 2 magazines, each of which can hold
up to 6 cassettes for testing. Thus, 6 to 12 samples can be tested at a time. On these
systems, batching reduces waste and may enable labs managing high volumes of
patient specimens (e.g., labs in the inpatient setting or reference labs) to generate mass
data in a timely manner. However, testing in batch mode can delay the results while the
laboratory waits to accrue sufficient samples to complete the batch. Of the STA
methods evaluated, only Fusion’s system offers the random access capability to load a
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significant number of samples on a single instrument (up to 120 controls or specimens)
at any time. However, Liat and Xpert allow the opportunity for random access if
multiple instruments (Liat) or modules (Xpert) are available.

An invalid or error result, representing a failure to generate a result, requires
reanalysis, which is costly and time-consuming and delays the reporting of results. An
invalid or error result leading to the failure to report a result could be caused by various
events, including but not limited to operator error (e.g., pipetting of an insufficient
volume of specimen), system failure (i.e., the pressure limit of a component is exceeded),
assay validity criteria (i.e, failure of processing or the internal control), control failure (i.e.,
criteria for the control are not met), or the clinical specimen (i.e., inhibition or presence of
an exogenous interfering substance, such as blood). The number of specimens requiring
repeat testing was the highest on Xpert (n = 7), followed by Liat and Fusion (n = 5) and
Aries (n = 2). Retesting resolved all impacted samples for Liat, Fusion, and Aries; however,
the result for a single sample remained invalid for Xpert and Simplexa.

The volume of specimen required for testing on the different platforms varies from
50 pl for testing on Simplexa to 500 ul for testing on Fusion and 200 ul for testing on
the Xpert, Liat, and Aries assays. The low volume of specimen needed for the Simplexa
assay makes it an ideal choice in cases where sufficient specimen is unavailable or
where repeat testing is required. Specimens already tested by the Fusion assay can be
stored in lysis buffer, allowing testing for additional respiratory pathogens in an
algorithmic approach to contain costs, in contrast to large multiplex respiratory assays
with a one-size-fits-all approach.

Although our study is a comprehensive effort to evaluate and compare the perfor-
mance of the most popular STA platforms for FIuA/B and RSV detection, a few
limitations apply. One is the lack of a conclusive discrepant analysis for RSV-positive
specimens that were not differentiated further into RSV A or B subtypes. We used
aliquots of previously characterized frozen samples instead of fresh specimens for the
study. The extended freezer time and freeze-thaw cycle for some of the specimens
could affect assay performance. However, to minimize any differential effect on assay
performance, we tested the same specimen freeze-thaw cycle on all 5 platforms
simultaneously. Another shortcoming of our study is the bias associated with selecting
samples that were previously tested with RP, and a future study comparing the
performance of RP with that of these assays on prospectively collected specimens
would provide more unbiased and conclusive data. However, our approach ensured
that we included sufficient FluA/B- and RSV-positive specimens and a sufficient repre-
sentation of all FluA and FluB subtypes.

Overall, all the assays were easy to perform and required minimum technical skill for
operating the instruments. With the presence of equally sensitive and precise diagnos-
tic assays in the field, the decision to select a STA FIuA/B and RSV molecular assay
depends upon the laboratory setting, testing volume, infrastructure with respect to
space and staff, work flow, the cost of the assays, and patient population. Our study
evaluated the performance of these platforms in a controlled study design using
well-characterized specimens. Data from our study provide important information on
the strengths and weaknesses of these assays for the detection of FluA/B and RSV in
respiratory specimens collected from children.
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