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ABSTRACT  Respiratory syncytial virus is a common cause of bronchiolitis. Historically, point-of-care
tests have involved antigen detection technology with limited sensitivity. The aim of this study was to
prospectively evaluate the diagnostic accuracy and model the economic impact of the Roche cobas® Liat®
point-of-care influenza A/B and respiratory syncytial virus test.

The “DEC-RSV” study was a multi-centre, prospective, observational study in children under 2 years
presenting with viral respiratory symptoms. A nasopharyngeal aspirate sample was tested using the point-
of-care test and standard laboratory-based procedures. The primary outcome was accuracy of respiratory
syncytial virus detection. The cost implications of adopting a point-of-care test were modelled using study
data.

A total of 186 participants were recruited, with both tests performed on 177 samples. The point-of-care
test was invalid for 16 samples (diagnostic yield 91%) leaving 161 available for primary analysis. After
resolving discrepancies, the cobas® Liat® respiratory syncytial virus test had 100.00% (95% CI
96.07%-100.00%) sensitivity and 98.53% (95% CI 92.08%-99.96%) specificity. Median time to result was
0.6 h (interquartile range (IQR) 0.5-1) for point-of-care testing and 28.9 h (IQR 26.3-48.1) for standard
laboratory testing. Estimated non-diagnostic cost savings for 1000 patients, based on isolation decision-
making on point-of-care test result, were £57 010, which would increase to £94847 when cohort nursing is
used.

In young children the cobas® Liat® point-of-care respiratory syncytial virus test has high diagnostic
accuracy using nasopharyngeal aspirates (currently an off-licence sample type). Time to result is clinically
important and was favourable compared to laboratory-based testing. The potential exists for cost savings
when adopting the point-of-care test.
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This prospective evaluation of the cobas Liat point-of-care RSV test in children demonstrated
high diagnostic accuracy using nasopharyngeal aspirate samples, with favourable time to result
compared to usual laboratory-based testing procedures https:/bit.ly/2yKKmUB
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Introduction

Respiratory syncytial virus (RSV) is a ubiquitous and highly transmissible respiratory tract pathogen that is
the most common cause of bronchiolitis in infants and young children [1]. Bronchiolitis is often
diagnosed clinically [1]. Testing for RSV may, however, facilitate the rationalisation of antibiotic use,
reduce additional diagnostic investigations and inform caregivers and clinicians of a cause for a child’s
symptoms [2]. A positive result can facilitate targeted isolation measures to prevent cross-infection or
enable cohort nursing of a group of infected children [3]. Several anti-RSV therapies are currently under
evaluation in clinical trials, and there is likely to be a future requirement for prompt and accurate
detection of RSV to allow targeted treatments to be delivered effectively [4]. However, current clinical
guidelines for the management of bronchiolitis only recommend testing in high-risk patients [5, 6], to
facilitate cohorting [7, 8], or do not mention testing [9], partly due to a lack of high-quality evidence in
this area [1, 9].

If laboratory-based testing for respiratory viruses is performed, it may take over 24 h before results are
available. Historically, point-of-care (POC) systems for RSV were based on antigen detection tests. The
sensitivity of antigen detection tests for RSV is dependent on viral load and they are therefore of limited
clinical utility [10-12]. More recently, polymerase chain reaction (PCR)-based POC testing systems for
RSV and other respiratory viruses have been developed, offering improved sensitivity and specificity [11,
13-16]. One example is the Roche cobas® Liat® system (hereafter referred to as the cobas® Liat® POC test),
which can produce a result for influenza A/B and RSV within 20 minutes [17].

The cost-effectiveness of POC tests is a crucial consideration in their ultimate adoption in healthcare
systems [18, 19]. Previous studies have assessed the implications of introducing POC tests for influenza
and RSV at the hospital entry-point for adults [20-22]. In paediatrics a before/after study design has been
used to estimate the impact of introducing a POC test on oseltamivir prescribing and health-care costs [23].
Prospective clinical and economic evaluations have yet to examine whether the increase in diagnostic
accuracy and faster time to result provided by POC tests could impact on paediatric patient management
and possible cost savings.

The primary aim of the “DEC-RSV” study was to prospectively assess the diagnostic accuracy of the RSV
component of the cobas® Liat® POC test as compared with standard laboratory-based tests, using
nasopharyngeal aspirate samples from children presenting with viral respiratory symptoms. Time to
clinically actionable result, likely impact on hospital isolation resources and potential cost implications
were also assessed.

Methods

Ethical approval

The study was approved by the East Midlands-Leicester Central Research Ethics Committee (16/EM/
0456). Written informed consent was obtained from a caregiver and followed Good Clinical Practice [24].
The study sponsor was The Newcastle upon Tyne Hospitals NHS Foundation Trust (NuTH), and it was
National Institute for Health Research portfolio adopted (CPMS ID 32674).

Study design

Participants

A prospective study was conducted between November 2017 and May 2018 at the Great North Children’s
Hospital (GNCH), NuTH, and Sunderland Royal Hospital (SRH), South Tyneside and Sunderland NHS
Foundation Trust, UK. GNCH is a regional centre providing secondary general and tertiary paediatric
speciality services. SRH is a secondary care general paediatric unit. Children under 2 years were eligible if
they presented with an acute respiratory illness that clinicians considered could be due to RSV infection
and if sampling was not contraindicated (see figure 1 for study process). The design was informed by a
separate pilot study conducted in winter 2016-2017.
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FIGURE 1 Study process. UTM: universal transport medium; RSV: respiratory syncytial virus.
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Sampling and testing

A nasopharyngeal aspirate sample was obtained and tested using the cobas® Liat® POC test in a ward
setting and via the usual laboratory-based system (see supplements 1 and 2 for details and standard
operating procedures). The study was observational, so neither the caregivers nor the clinicians were
informed of the POC results. The results were anonymised and uploaded to a REDCap Cloud-based
database (Version .5, nPhase, Encinitas, CA, USA).

Outcomes and sample size estimation

The primary outcome was the sensitivity, specificity, and positive and negative predictive values of the
RSV component of the cobas® Liat® POC test. Secondary outcomes included time to actionable result,
influenza A and B concordance, clinical impact and the cost implications of introducing rapid RSV testing
in NHS paediatric acute care facilities. With a 25% prevalence of RSV (estimated in an audit of young
children at GNCH in winter 2015-2016), 195 participants would provide 90% power to distinguish a
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specificity of 98% versus a 93% lowest threshold (lowest acceptable specificity for the cobas® Liat® POC test
based on analytical validation studies) [25].

Discrepancy analysis

When the laboratory test results became available, the study nurses compared them with the cobas® Liat®
POC result. If there was a discrepancy, the remaining sample was tested at the other site using the
alternate laboratory-based test (see supplement 3).

Statistical analysis

Concordance tables were constructed (before and after resolving discrepancies) in Microsoft Excel. All
comparative analyses were carried out in JMP® Pro V13.0.0 (JMP, Marlow, UK) and RStudio V0.99.446
(RStudio Inc, Boston, MA, USA).

Clinical impact

Participants’ admission and discharge diagnoses, length of stay, infection control procedures (i.e. barrier
nursing or single room isolation), antimicrobial treatment and other diagnostic procedures performed were
recorded. The time to actionable result was defined as that between sample collection and the results of
the laboratory test becoming available to clinicians or, for the cobas® Liat® POC test, the time between
sampling and result being displayed. At both sites, the standard clinical procedure was to perform
laboratory testing in batches.

Cost analysis

A model was developed in TreeAge-pro-2017 (TreeAge Software, Williamstown, MA, USA) to extrapolate
the results of the study to a hypothetical cohort of 1000 patients presenting to a UK National Health
Service (NHS) hospital during the 2017-2018 winter season (see supplement 4 for details). The
parameters for modelling were quantified with frequency and usage data from the study, drug costs from
Monthly Index of Medical Specialities and the British National Formulary [26, 27], and isolation costs
from the NHS Reference costs, HRG codes PD15A-D (see supplementary table S5) [28].

Results

Recruitment and RSV prevalence

One hundred and eighty-six patients were recruited, 105 at GNCH and 81 at SRH. One participant was
discharged prior to sample collection or clinical data recording. Data from the remaining 185 participants
were analysed. The target sample size of 195, based on an RSV prevalence of 25%, was not reached.
However, with an RSV prevalence of 57%, the study remained adequately powered.

Participant demographics

The mean age of participants was 5.7 months (table 1). Bronchiolitis was the most common admission
and discharge diagnosis. Median length of stay differed between sites: 90.8 h (interquartile range (IQR)
51.0-184.3) at GNCH and 45.6h (IQR 22.1-68.1) at SRH. There was greater use of high-flow nasal
cannula oxygen, antibiotics and nasogastric feeding at GNCH.

Diagnostic testing results

Figure 2 summarises the results of testing in the study. The RSV results for the reference laboratory test
were unavailable for six participants and the cobas® Liat"POC results not recorded for another two. The
data from these eight participants were not included in the diagnostic accuracy analysis. For 34 participant
samples, the cobas® Liat® POC test produced an invalid result (32) or an error message (two) on the first
attempt. These samples were retested following the protocol (see figure 1 and supplement 2), 18 of which
produced a result and 16 were unsuccessful on a second attempt, giving an overall 7.6% (16/211) test
failure rate and a diagnostic test yield of 91.0% (161/177). Data from 161 participants were available for
comparative diagnostic accuracy analysis.

Disagreement between the cobas® Liat” RSV result with the laboratory tests occurred for five samples.
Discrepancy resolution testing was carried out for four of these samples (see supplementary material
supplement 5), allowing data from 160 participants to be used for diagnostic accuracy analysis following
discrepancy resolution.

Diagnostic accuracy

For the primary analysis, we compared the cobas® Liat® POC test results (first or single repeat) with the
results from the reference laboratory tests (summarised in table 2). The combined site sensitivity for RSV
detection (including repeat) was 98.90% (95% CI 94.03%-99.97%) and the combined site specificity was
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TABLE 1 Participant demographics

All sites (n=185)  Great North Children’s Hospital (n=104)  Sunderland Royal Hospital (n=81)

Age months
Mean (standard deviation) 5.7 (5.4) 5.8 (5.5) 5.7 (5.4)
Median (IQR) 4 (1-9.5) 4 (1-10.75) 4 (2-9)
Length of stay hours
Mean (standard deviation) 146.2 (486.5) 215.3 (640.7) 57.8 (52.6)
Median (IQR) 63.3 (34.4-133.3) 90.8 (51.0-184.3) 45.6 (22.1-68.1)
Admission diagnosis
Bronchiolitis 126 (68.1%) b4 (61.5%) 62 (76.5%)
Lower respiratory tract infection 17 (9.2%]) 15 (14.4%) 2 (2.5%)
Viral-induced wheeze 14 (7.6%) 7 (6.7%) 7 (8.6%)
Viral illness 5 (2.7%) 5 (4.8%) 0 (0.0%)
Other 23 (12.4%) 13 (12.5%) 10 (12.3%)
Antibiotic prescription
Yes, before laboratory result available 73 (39.5%) 47 (45.2%) 26 (32.1%)
Yes, after laboratory result available 2 (1.1%) 1 (1.0%) 1(1.2%)
No 109 (58.9%) 55 (52.9%) 54 (66.7%)
Not recorded 1 (0.5%) 1 (1.0%) 0 (0%)
Antiviral prescription
Yes, before laboratory result available 2 (1.1%) 1(1.0%) 1(1.2%)
Yes, after laboratory result available 0 (0.0%) 0 (0.0%) 0 (0.0%)
No 183 (98.9%) 103 (99.0%) 80 (98.8%)
Discharge diagnosis
Bronchiolitis 115 (62.1%) 65 (62.5%) 50 (61.7%)
Lower respiratory tract infection 29 (15.6%) 20 (19.2%) 9 (11.1%)
Viral-induced wheeze 9 (4.9%) 3 (2.9%) 6 (7.4%)
Viral illness 17 (9.7%) 8 (7.7%) 9 (11.1%)
Not recorded 5 (2.3%) 5 (4.8%) 0 (0.0%)
Other 10 (5.4%) 3 (2.9%) 7 (9%)

Data are presented as n (% of total recorded), unless otherwise stated; IQR: interquartile range.

94.29% (86.01%-98.42%). The overall study positive and negative predictive values were 95.74%
(89.68%-98.30%) and 98.51% (90.37%-99.78%) respectively.

Reclassification after discrepancy analysis

The test results after discrepancy analysis are detailed in table 3. Following discrepancy testing, two
samples initially classified as false positives were reclassified as true positives, one false positive was
confirmed as a false positive, and one false negative was reclassified as a true negative. The remaining
sample, classified as false positive, was not retested and therefore removed from the re-analysis (see
supplement 5 for further details).

The sensitivity and specificity for RSV detection (both sites combined, including repeat testing and
following discrepancy resolution) were 100.00% (96.07%-100.00%) and 98.53% (92.08%-99.96%)
respectively. The positive and negative predictive values were 98.92% (92.93%-99.84%) and 100.00%
(94.58%-100.00%) respectively.

Influenza A and B concordance analysis

Six samples tested positive with the reference tests for influenza A and were correctly categorised by the
cobas® Liat® test. There were no positive influenza B samples. One RSV positive sample was incorrectly
classified as positive for influenza A (false positive), influenza B (false positive) and RSV (true positive) on
the cobas® Liat® system (see tables 4 and 5). The specificities for influenza A and B detection were 99.35%
(95% CI 96.44%-99.98%) and 99.38% (95% CI 96.57%-99.98%) respectively.

Clinical impact

Time to result

The median time for the laboratory-based test results to be available to clinicians was 28.9h (IQR
26.3-48.1) across both sites. For GNCH (with onsite laboratory testing) it was 27.9 h (IQR 25.6-48.0) and
for SRH (with offsite laboratory testing) 29.7 h (IQR 27.9-49.0). The median time for the cobas® Liat®
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FIGURE 2 Testing process and results. RSV: respiratory syncytial virus.

POC results to be available for clinicians (from when the sample was taken) was 0.6 h (IQR 0.5-1.0). For
GNCH it was 0.7 h (IQR 0.5-1.0) and for SRH it was 0.6 h (IQR 0.5-0.90).

Isolation practice

Data on isolation practice were available for 156 participants. Almost all participants (148/156) were
placed in single room isolation, as per site protocol for patients presenting with acute respiratory illnesses,
and 97% of those with confirmed RSV were isolated. Personal protective equipment (PPE) is used as
standard in SRH; therefore, this was not recorded in addition to single room isolation. In GNCH, outside

TABLE 2 Diagnostic performance for respiratory syncytial virus (RSV) detection. Initial, or if

necessary repeat, cobas® Liat® test, no discrepancy analysis

Laboratory PCR RSV result

Positive Negative
cobas® Liat® RSV result Test positive 90 4 94
Test negative 1 66 67
91 70 161

https://doi.org/10.1183/23120541.00018-2020 6



RESPIRATORY INFECTIONS | A.J. ALLEN ET AL.

TABLE 3 Diagnostic performance for respiratory syncytial virus (RSV) detection. Initial, or if

necessary repeat, cobas® Liat® test, after discrepancy analysis

Laboratory PCR RSV result

Positive Negative
cobas® Liat® RSV result Test positive 92 1 93
Test negative 0 67 67
92 68 160

of a pandemic, PPE is only used when there is confirmation of an infective cause for a child’s symptoms
or in high-risk cases and was used for 92% of participants.

Cost analysis

If a POC RSV test were to inform the use of isolation facilities (i.e. a negative result would allow
management in an open ward setting) for 1000 patients, 100 patients would have received an invalid result
and therefore would have been managed according to standard care (57 assumed RSV positive and
isolated, 43 assumed RSV negative and not isolated); 519 of the remaining 900 patients would have tested
positive and been immediately isolated with PPE use (986.1 isolation bed days). Six of these patients
would have been incorrectly classified as positive (false positives) and thus would have been unnecessarily
isolated for a total of 11.4 days. The remaining 380 patients who would have tested negative would be
managed in an open ward. According to the frequency data recorded in the study, PPE would have been
invoked for 27% of these (103 patients or 195 total days of PPE use).

The time and cost analysis results are presented in table 6. On average, each patient would spend 0.47
fewer days in single room isolation with use of the POC RSV test than with standard laboratory testing.
The total costs of bed days and barrier nursing are lower with the POC test; treatment costs are the same
for both testing strategies. For a cohort of 1000 paediatric patients, use of the cobas® Liat® POC test to
direct use of isolation facilities would cost £57010 less than standard testing (the cost of the diagnostic
tests including staff time and laboratory overheads have been excluded from this analysis to allow
generalisability of the results to other manufacturers and laboratory setup).

Sensitivity analysis of variables in cost analysis

Average length of stay and the cost of a day in single bed isolation were the most influential variables in
the cost analysis. Threshold analysis indicates that if single bed isolation rooms were reduced in cost by
20%, then use of the cobas® Liat® POC test for RSV would be more expensive than a standard laboratory
testing strategy.

If the cost of the single-use assays were included in this analysis (without accounting for the cost of
implementation of instruments), the cobas® Liat® Influenza A/B and RSV assay would need to cost <£124
for it to provide cost savings to the NHS provider (based on a standard laboratory test costing £74).

Cohort nursing of RSV positive patients

In situations where there is pressure on isolation rooms, and the incidence of RSV is high, e.g. in peak
winter months, clinicians may choose to cohort all known RSV positive patients in bay areas. If all RSV
positive patients were cohorted in a six-bed bay, a further £94847 savings could be realised for a cohort of
1000 patients (see table 6 for breakdown of costs).

TABLE 4 Concordance for influenza A. Initial, or if necessary repeat, cobas® Liat® test, no

discrepancy analysis

Laboratory PCR influenza

A result
Positive Negative
cobas® Liat® influenza A result Test positive 6 1 7
Test negative 0 153 153
6 154 160

https://doi.org/10.1183/23120541.00018-2020 7
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TABLE 5 Concordance for influenza B. Initial, or if necessary repeat, cobas® Liat® test, no

discrepancy analysis

Laboratory PCR influenza

B result
Positive Negative
cobas® Liat® influenza B result Test positive 0 1 1
Test negative 0 159 159
0 160 160

Discussion

In this prospective study, we found the RSV component of the cobas® Liat® POC test to have good
diagnostic accuracy with high positive and negative predictive values using laboratory-based PCR testing as
the gold standard. These high diagnostic accuracy results in which nasopharyngeal aspirates were used are
similar to those from published studies of RSV POC tests in which nasal swabs (fresh or frozen) were used
[14, 16]. The cobas® Liat® POC test is not currently indicated for use with nasopharyngeal aspirate samples
and was developed for use with nasopharyngeal swabs. Nasopharyngeal aspirates are commonly used in
the UK for respiratory virus testing in young children. Although not statistically powered for assessing the
accuracy of testing for influenza A, in the few positive cases included in the study, the cobas® Liat® POC
test showed good agreement with the reference test, and our results suggest high specificity for influenza A
and B. A limitation of our study design was the assumption that the reference laboratory-based test was
100% sensitive and specific. Because this is unlikely to be the case, we investigated all discrepancies
between the reference test and the cobas® Liat® POC test.

Time to result is a major consideration in the clinical utility of a test and, as illustrated in our study, is a
drawback of standard laboratory-based testing strategies that involve transporting samples to an offsite
facility and/or batch testing. A short time to actionable result maximises the impact of a test on clinical
management, including decision-making around antibiotic prescribing, performing additional
investigations, cohort nursing and isolation precautions. We found the median time to result, including
sample collection time, to be substantially shorter, at 36 min for the cobas® Liat® POC test, compared to
the standard laboratory-based testing procedure of around 29 h at our study sites. It follows that an
accurate and rapid POC test for RSV could be especially useful in an Emergency Department or
Assessment Unit [3, 12]. In this study, POC testing was performed by clinical research (non-laboratory)
staff in the ward. We experienced an overall test failure rate of 7.6%. The study protocol involved diluting
the sample with viral transport medium on repeat testing should there be an initial test failure.

TABLE 6 Time and cost analysis of the standard testing and point-of-care (POC) testing strategies for a cohort of 1000

patients, <2 years old, presenting to UK National Health Service (NHS) paediatric departments with acute viral respiratory
infection symptoms

Standard testing POC testing Incremental difference (standard
strategy strategy strategy - POC testing strategy)
POC informing use of isolation facilities
Time to result (days) 1.24 0.15 1.09
Time in single room isolation (days) 1.62 1.15 0.47
Time in general bed (days) 0.28 0.75 —0.47
Cost of bed days £1068400.00 £1020000.00 £48400.00
Cost of barrier nursing £38310.00 £29700.00 £8610.00
Treatment costs £440.00 £440.00 £0.00
Total costs £1107 150.00 £1050140.00 £57010.00
POC informing cohort nursing of respiratory syncytial virus (RSV) positive patients
Cost of bed days £1068400.00 £924238.74 £144161.26
Cost of barrier nursing £38310.00 £30613.40 £7696.60
Treatment costs £440.00 £440.00 £0.00
Total costs £1107150.00 £955292.14 £151857.86

Results are presented for two different strategies: 1) when the POC test informs the use of isolation facilities and 2] when the POC test
informs cohort nursing of RSV positive patients. Costs are in GBP.

https://doi.org/10.1183/23120541.00018-2020 8
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A number of novel anti-RSV therapies are currently under evaluation in clinical trials [4]. If they become
available for clinical use, the ability to diagnose RSV rapidly and accurately will be crucial because such
therapies are likely to be active against only RSV specifically, most effective in the early phases of an illness
and expensive. Targeted treatment will be required to maximise efficacy while minimising costs and
adverse effects in children who would not benefit from the treatment.

Data collected in the study allowed detailed modelling and analysis of the costs associated with
diagnosis and treatment of suspected RSV guided by POC testing. We estimated non-diagnostic cost
savings with the cobas® Liat® POC test for RSV to be >£50000 per 1000 patients, and this could be
increased to around £100000 if the POC test were to guide cohort nursing. Length of stay in hospital,
the cost of a day in single room isolation and RSV prevalence had the greatest influence on the results
of the cost analysis, indicating that the potential for cost savings would vary with seasonality and
hospital resources. A limitation of our analysis was the assumption that the POC testing result would
direct fully use of isolation resources. Decisions about isolation are often multifactorial and rely on
clinical judgement in combination with the results of investigations [29]. If only specific viruses are
tested for by a POC system, other highly transmissible viruses cannot be ruled out. Positive results
would then indicate cohort nursing, but a negative result would not mandate stepping down of isolation
precautions.

The adoption of a POC test for RSV is also likely to have indirect effects on patient and information
workflows, encouraging optimal use of healthcare resources and reduction of nosocomial infection. Such
effects have been demonstrated in UK hospitals implementing molecular POC tests for influenza [30]. An
interventional study with associated cost-effectiveness analysis would be required to fully capture the
impact of such a test. The indirect health and cost implications of nosocomial transmission of RSV to
other patients were also not included in our model. We observed a reduction in the prescription of new
courses of antibiotics once the laboratory-based test results were available to clinicians (at a median of
28.9 h after sampling). If implemented clinically, POC test results would likely be available considerably
earlier and be associated with additional cost savings and patient benefits from reductions in unnecessary
antibiotic prescriptions.

In summary, we found the cobas® Liat® POC test to have high sensitivity and specificity for the detection
of RSV in nasopharyngeal aspirate samples from children under 2 years presenting with symptoms of a
respiratory viral infection. The high diagnostic accuracy and favourable time to result suggest that the
cobas® Liat® POC test could provide a useful aid to clinical decision-making and potentially lead to cost
savings, especially in hospitals with ward bays and a limited number of isolation rooms. These benefits
must be balanced against the fact that many modern hospitals are designed with large numbers of
individual patient rooms, making cohort nursing of infants positive for RSV unnecessary. In the future,
when specific anti-RSV therapies become available, accurate rapid tests for RSV will become more
important clinically.
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