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Formation of this action-research
• NHS staffing crisis in Dec 21 as Omicron emerged

• Over a quarter of staff off sick in some organisations including the main acute hospital
• Merseyside Local Resilience Forum requested support

• Original research question
• Could test-to-release from quarantine be adapted to test-to-return from isolation?

• Policy changes Dec 21 & Jan 22
• NHS implemented return after 2 days of negative lateral flow tests from day 5
• Policy questions arose over whether Omicron tropism affected the value of nasal swabbing
• SMART Release & Return study protocol prepared from Dec 21

• Staffing crisis subsided from Feb 22
• Policy change; decline of first Omicron wave; ?burnout rebound from end of year break

• SMART Release & Return study proceeded in Feb 22
• Ready to run in Jan 21 but approvals took 6 weeks
• Policy questions remained over value of dual lateral flow device testing and culturability from serial 

positive lateral flow subjects beyond day 7
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CHESHIRE & MERSEYSIDE COVID TESTING: NHS STAFFING PRESSURES 

Positive lateral flow Positive PCR NHS staff absent
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CHESHIRE & MERSEYSIDE COVID TESTING: ACUTE BED PRESSURES 

Positive lateral flow Positive PCR Covid beds Non-Covid beds Unoccupied beds
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SMART Release & Return Study
• New concern in Jan 22 over potential Omicron tropism reducing 

detection from nose-only c.f. nose and throat swabbing

• Effects on detection and usability from combining different 
manufacturers’ lateral flow kits unknown

• Transmission risk from ‘long shedders’ (serial positive lateral flow 
test subjects beyond day ~5) unknown

• Study protocol approved by TIEB in Jan 22

• Recruitment after further approval starts in Feb 22

https://www.dropbox.com/s/hna8rusxf64d2h5/SMART_Release_Return.pdf?dl=0


Recruitment
• Liverpool University Hospitals NHS Foundation Trust agreed 

in Dec 21 to recruit staff from two hubs set up for swabbing 
for PCR testing of contacts and possible cases

• Recruitment began fully at the end of Feb 22, after decline of 
first Omicron wave

• Policy changes successively removed requirements for staff 
testing: around half of cases participated in Mar-Apr 22





Day 0
Staff member becomes posi�ve

Feels well enough to work
Consent to study

Pick up 20+2 Mul�-pack

Days 1-4
Q-RT-PCR at home

2 (random order) LFTs any results
Stay at home

Day 5
Q-RT-PCR at home

2 (random order) LFTs both nega�ve
Stay at home

Day 6
2 (random order) LFTs both nega�ve

Proceed to work

Days 7-9
2 (random order) LFTs both nega�ve

Proceed to work

Day 10
2 (random order) LFTs both nega�ve

Proceed to work
(RT-Q-PCR & culture if s�ll posi�ve)

Exit ques�onnaire

Typical recruit was a 
symptomatic case or 
asymptomatic contact who had 
become aware of status from 
universal access home testing

Participation with daily dual 
testing protocol was only 
practical among cases
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Subject: I. Buchan
22/2/22 – 3/3/22

Acculturation of self-testing of Omicron 
trajectories among the general public and 
commonly on social media



Individuals consented
n=1604

Unique Individuals with linked data
n=1419 (88.5%)

No linkable testing records or multiple 
consents for the same individuals

n=185 (11.5%)

Individuals linked to any Pillar 1/Pillar 2 data
n=1176 (73.3%)

No Pillar 1 or Pillar 2 data
n=243 (15.1%)

Individuals linked to any Pillar 2 data
n=613 (38.2%)

Pillar 1 data only
n=563 (35.1%)

Individuals who followed the protocol
for at least one day with dual LFTs

n=226 (14.1%)

Did not follow the protocol
(no days with dual LFTs)

n=387 (24.1%)

Low uptake and compliance 
with compared with previous 

community based studies

Concurrent with low NHS staff 
morale and multiple changes to 

testing policies nationally

Concurrent with reduced easy 
access to lateral flow test kits 

from community sources

Sufficient data collected for 
internally controlled 

comparisons of dual swabbing 
and device results

Data yield and cleaning



Sponsor permission to proceed 4 Feb 22

Two swab hubs started recruiting 7 Feb 22 

Storm damage took one hub out on 19 Feb 22

Lower returns of dual LFT results in Apr 22 
with falling numbers and national policies 
moving away from testing

https://www.dropbox.com/s/dmgfb5xd5vfwcz2/UoL001685%20Permission%20to%20Proceed%2004_02_22%5B96%5D.pdf?dl=0


Innova
Negative Positive Equivocal TOTAL

O
rie

nt
 G

en
e Negative 602 (39.4%) 49 (3.2%) 3 (0.2%) 654

Positive 79 (5.2%) 752 (49.2%) 1 (0.1%) 832
Equivocal 2 (0.1%) 0 (0.0%) 0 (0.0%) 2
TOTAL 683 801 4 1488 (100%)

Data captured from Pillar 2 test dataflows:

Total number of days with exactly two lateral flow device (LFD) results (one Orient Gene and one Innova) = 1488

Orient Gene involves a nose only swab, whereas Innova is a nose plus throat swab

Number of unique individuals with at least one day with exactly 2 LFD tests (one Orient Gene and one Innova) = 226

Total disagreements between Orient Gene and Innova LFD results = (49+79) = 128 (8.6%)

Difference between Orient Gene and Innova discordance = 2% (0.05% to 3.5%): Orient Gene more likely to be positive

Discordance in LFD results overall



Discordance of Orient Gene and Innova LFD test results when Orient Gene test is recorded first

Innova
Negative Positive Equivocal TOTAL

O
rie

nt
 G

en
e Negative 309 (40.1%) 18 (2.3%) 1 (0.1%) 328

Positive 48 (6.2%) 393 (51.0%) 0 (0%) 441
Equivocal 2 (0.3%) 0 (0%) 0 (0%) 2
TOTAL 359 411 1 771 (100%)

Discordance of Orient Gene and Innova LFD test results when Innova test is recorded first

Innova

Negative Positive Equivocal TOTAL

O
rie

nt
 G

en
e Negative 293 (40.9%) 31 (4.3%) 2 (0.3%) 326

Positive 31 (4.3%) 359 (50.1%) 1 (0.1%) 391

TOTAL 324 390 3 717 (100%)

Discordance in LFD order

3.9% (1.8 to 6.0) more 
likely Orient Gene than 
Innova to be positive if 
the other is negative 
and Orient Gene swab 
was take first

No significant difference 
between LFD type 
proportions discordant 
when Innova taken first



Overall test disagreements (positive/negative only) by period since presenting for testing

Overall test disagreements (positive/negative only) by day since first recorded positive test

Orient Gene (Innova) 
Results

Days 1-3 Days 4-6 Days 7+ Total

Positive (Negative) 11 (2.1%) 25 (5.3%) 43 (8.9%) 79
Negative (Positive) 15 (2.9%) 15 (3.2%) 19 (3.9%) 49
Concordant 499 (95.0%) 432 (91.5%) 423 (87.2%) 1354
Total 525 472 485 1482

Orient Gene (Innova) 
Results

Days 0-3 Days 4-6 Days 7+ Total

Positive (Negative) 16 (3.5%) 26 (6.9%) 37 (11.7%) 79
Negative (Positive) 20 (4.3%) 14 (3.7%) 15 (4.7%) 49
Concordant 424 (92.2%) 336 (89.4%) 265 (83.6%) 1025
Total 460 376 317 1153

Discordance by day since presenting

Chi² trend = 23.3  P < 0.0001
Chi² trend = 1.1  P = 0.25

Chi² trend = 16.9  P = < .0001
Chi² trend = 0.03  P = 0.85

Orient Gene positive + Innova negative tended to occur more with longer time from presenting for testing
Innova positive + Orient Gene negative showed no significant time trend in occurrence



Cultures among week-long shedders

• A sample of 41 participants had swabs taken for culture

• 31 came from those still testing LFT positive at day 5-7

• 10 came from those testing LFT negative at day 5-7



• CPE is not always present in 
viral cultures, especially with 
the omicron variant. Absence of 
classical CPE signs does not 
necessarily mean no virus is 
present.

• Cultures were therefore 
considered positive if either 
some evidence of SARS-CoV-2 
was identified by sequencing, 
and CPE was present, or if 
SARS-CoV-2 sequence was 
unequivocally identified and 
CPE was present
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• The indeterminate results are due to insufficient RNA when sequencing
• Omicron is the variant detected most which is to be expected given its prevalence at the time of sampling

Culture RNA sequencing
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• PCR was carried out on original swab aliquots
• Every sample came back positive for SARS-CoV-2
• S gene drop out shows the presence of at least 2 variants with the sampled population:

• S gene target negatives likely omicron BA.1
• S gene target positives likely omicron BA.2
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• Collection of additional material (another swab) would have allowed more work 
to be carried out in parallel while still having material to return to for any re-runs

• More detailed laboratory work such as diagnostic PCR tests and sequencing on 
swab samples, would allow us greater confidence that any isolates were SARS-
CoV-2 and not another virus

• Overall excellent collaboration and communication between many different 
departments, including Liverpool NHS Trust and University of Liverpool

• Rapid pace of set up – Swab collection kits were quickly made and dispersed to 
participants for sample collection

Lessons learnt in culture sub-study



Exit survey of participants on Day 10

• Total: 311 responses (10th February – 20th July 2022)
• Three quarters female
• Wide variety of roles within an NHS acute hospital trust



How much of a barrier is having to take a throat as 
well as a nose swab for your daily rapid test?

How easy was the swabbing process?

Over 57% of participants stated that the two-testing 
process represented no barrier to their daily routine, 
with 38% reporting it as some form of barrier:

When asked to report on the ease of the 
swabbing process, nearly 90% participants 
stated that it was easy.



If you were asked to continue to do two tests daily 
instead of one, would you?

Could you fit taking two rapid tests into your daily 
routine within an hour of leaving for work?

Asked to consider how testing requirements could fit 
into their daily routine, 29% of participants stated that 
they were definitely and 54% that they can probably 
fit two tests in within an hour of leaving for work.

Considering the potential requirement of carrying out 
two daily tests, 67% stated that they would do so 
and 16% noted no preference, against the remaining 
18% reporting that they would not do so.



 
Q9 Which mode of testing are you most confident about? 

 1 - No Confidence 10 - Full Confidence 
 

 1 2 3 4 5 6 7 8 9 10 
 

Single Test () 
 

Double Test () 
 

 

When asked about their confidence rating for each 
mode of testing, participants reported a higher level of 
confidence for the double testing (8.51) against the 
single test (7.79), although not at a significant margin:

This is further reflected in the distribution of confidence 
scores (1 – No Confidence to 10 – Full Confidence) with 
more of the difference driven by higher confidence levels:



• Policymaker concern over nose only swabbing potentially missing a substantial 
proportion of Omicron cases was not supported, at least in the UK Feb-Apr 22 
among NHS workers

• Orient-gene was more sensitive than the Innova device in terms of swab order in 
discordant results, and in later days of serial positive tests

• Almost two thirds of LFT positives at day 5-7 were culture +ve or intermediate

• Randomised order of testing and TIEB feedback on protocol was useful

• Longest delay to insight was due to approvals, for conventional research in an 
unconventional urgent public health context

Conclusions



Further report and questions

This work will be reported in a manuscript that is in preparation.

Data and laboratory results are undergoing final checks.

If you have any questions, please do not hesitate to contact:

buchan@liverpool.ac.uk

mailto:buchan@liverpool.ac.uk

	Slide Number 1
	Thanks to the team
	Formation of this action-research
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	SMART Release & Return Study
	Recruitment
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Cultures among week-long shedders
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Exit survey of participants on Day 10
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Further report and questions


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


