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SUMMARY

There is an urgent need for rapid SARS-CoV-2 testing in hospitals to limit nosocomial spread. We report an
evaluation of point of care (POC) nucleic acid amplification testing (NAAT) in 149 participants with parallel com-
bined nasal and throat swabbing for POC versus standard lab RT-PCR testing. Median time to resultis 2.6 (IQR
2.3-4.8) versus 26.4 h (IQR 21.4-31.4, p < 0.001), with 32 (21.5%) positive and 117 (78.5%) negative. Cohen’s k
correlation between tests is 0.96 (95% CI 0.91-1.00). When comparing nearly 1,000 tests pre- and post-imple-
mentation, the median time to definitive bed placement from admission is 23.4 (8.6-41.9) versus 17.1 h (9.0-
28.8), p = 0.02. Mean length of stay on COVID-19 “holding” wards is 58.5 versus 29.9 h (p < 0.001). POC testing
increases isolation room availability, avoids bed closures, allows discharge to care homes, and expedites ac-
cess to hospital procedures. POC testing could mitigate the impact of COVID-19 on hospital systems.

INTRODUCTION

As of June 22, 2020, 9.0 million people have been infected with
severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-
2), with >469,939 deaths and 40,000 deaths in the United
Kingdom attributed to coronavirus disease 2019 (COVID-19).’
Current clinical testing for acute SARS-CoV-2 infection and
infection risk relies on nucleic acid detection using reverse tran-
scription polymerase chain reaction (RT-PCR) on nose and
throat swabs.?® Antibodies to SARS-CoV-2 are detectable in
only 50% by days 5-7* and are therefore not suitable as a test
for early infection, although they are useful in the second phase

Gheck for
Updates

of illness, when virus detection wanes in upper respiratory tract
samples.>® Antigen tests for COVID-19 diagnosis have per-
formed poorly to date, and therefore nucleic acid detection re-
mains the test of choice. Nucleic acid testing usually requires
central laboratory testing with concomitant delays, and turn-
around times are usually in excess of 24 h, and often days.®
Due to the diverse presentations of COVID-19,” lack of a timely
diagnosis can have serious consequences, including deadly
nosocomial outbreaks.®

Screening hospital admissions rapidly is therefore critical to
manage patient flow and limit the potential for nosocomial trans-
mission.®'? In the absence of a reliable point of care (POC) test,
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Figure 1. Prospective Clinical Study Flow-
chart Consolidated Standards of Reporting
Trials (CONSORT) Diagram

PHE, Public Health England; SAMBA, simple
amplification-based assay; VTM, viral transport
medium;.

swab was taken

5- unable to perform discrepant
analyses due to discarded VTM
1- unable to verify the time PHE

1- inadequate SAMBA swab taken
2- interval between PHE and SAMBA
swab was >24 hours

quartile range [IQR] 1.75-10.5) and 4
(IQR 2-13) days in standard lab RT-PCR
positive and negative participants,
respectively. There were 7 discrepant re-
sults between the POC and laboratory as-
says (7/149) after initial testing. The
discrepancy analysis concluded that

Participants included in final analyses
N=149

hospitals have resorted to creating bespoke care pathways to
use isolation rooms most effectively for vulnerable patients."
Finally, given care home outbreaks, there is also an urgent
need to rapidly demonstrate COVID-19 status on discharge
planning. This need for rapid and safe patient movement is likely
to increase sharply in late 2020, when norovirus and influenza
(with or without SARS-CoV-2) will likely compound the pressure
on hospitals and isolation capacity, in particular. Such an
approach would also relieve the pressure on hospital virology
laboratories so that they can resume routine testing.

A number of near-patient tests have been described. Some
have not performed well,'? and none have undergone testing un-
der rigorous clinical trial conditions with real-world data on the
impact on patient management.’>'” Thorough, prospective
evaluation for a high-consequence pathogen such as SARS-
CoV-2 is particularly important, given the risks related to false
positives or negatives in the hospital setting.

SAMBA (simple amplification-based assay), an isothermal
amplification-based platform, has been extensively field tested
for HIV diagnostic applications in low resource settings,'®'°
and has been adapted for use in SARS-CoV-2, with successful
pre-clinical testing using synthetic standards and stored positive
and negative clinical samples.?° Here, we present a prospective
clinical validation trial comparing SAMBA Il SARS-CoV-2 perfor-
mance against the standard lab RT-PCR test in suspected
COVID-19 cases presenting to hospitals, followed by an analysis
of POC implementation in hospitals.

RESULTS

Clinical Validation Study of SARS-CoV-2 POC Test

Of 178 screened patients, 149 met the eligibility criteria for inclu-
sion in the clinical trial (Figure 1). The mean age was 62.7 years,
and 47% were male. A total of 32/149 (21.6%) tested positive
by the standard lab RT-PCR test. The mean temperature and res-
piratory rate were higher in the standard lab RT-PCR positive
group (Table 1). The median duration of symptoms was 3 (inter-
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there was one false negative by the POC
test, likely related to sampling variation,
and no false positives (Table S1). The
standard lab RT-PCR had one false nega-
tive in a participant with clinical and radio-
logical evidence of disease. Cohen’s «
correlation between the 2 tests was 0.96, with a 95% confidence
interval (Cl) of 0.91-1.00. The effective sensitivity of the SAMBA I
SARS-CoV-2 test as compared to the standard lab RT-PCR was
96.9% (95% CI 84.2-99.9), with a specificity of 100% (95% CI
96.9-100) (Table 2). POC testing (POCT) was associated with a
shorter time from sampling to result (Figure 2); the median time
to result was 2.6 h (IQR 2.3-4.8) for POCT and 26.4 h (IQR
21.4-31.4) for the standard lab RT-PCR test (p < 0.001).

SARS-CoV-2 POCT Implementation Study
A total of 992 SAMBA Il SARS-CoV-2 tests were performed be-
tween May 2 and May 11, 2020 inclusive in 913 individuals.
POCT was used for the following main indications: 59.8% of tests
were used for newly hospitalized patients, and the remainder
were used for pre-operative screening (11.3%), discharges to
nursing homes (10.0%), in-hospital screening of new symptoms
(9.7%), screening in asymptomatic patients requiring hospital
admission screening (3.8%), and access to interventions such
as dialysis and chemotherapy for high-risk patients (1.2%) (Table
3). The median time to result was 3.6 h (IQR 2.6-5.8). The rapid
result from a POC test was deemed to have a beneficial clinical
impact in 77.4% of patients who underwent the test (Table S2).

POCT with negative results allowed a significant increase in the
number of patients able to move to “green” non-COVID-19 areas
(green status [478/966] 49.5% before the test and [600/756] 79.4%
afterward, p < 0.001). The numbers in “amber” areas (possible
COVID-19) fell reciprocally (Figure 3A) (40% on amber before
test and 11.6% after test, p < 0.001), thereby allowing quicker ac-
cess to potentially lifesaving procedures such as computed to-
mography (CT) angiography or cardiac monitoring (Table S5).
We observed a concomitant decrease in the use of single-occu-
pancy rooms among those tested for new in-hospital COVID-19
symptoms, from 30.8% before to 21.2% (p = 0.03) after the POC
test result (Figure 3B). Eleven bay closures were prevented with
POCT overall, with each bay having an average of 6 beds.

We then examined the clinical utility of POCT for a range of in-
dications (Table S2).
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Table 1. Baseline Characteristics of Prospective Participants in
the COVIDXx Trial

Table 2. Accuracy of the SAMBA Il SARS-CoV-2 Test Compared
with Standard Lab RT-PCR Testing

Variable Negative Positive Total

Age, y, n 117 32 149

Mean (SD) 60.4 (19.8) 72.8 (17.8) 62.7 (20.0)
Median 62.5 75.5 63

Gender (%)

Female 67/116 (68)  11/32 (34) 83/158 (53)
Male 49/116 (42)  21/32 (66) 75/158 (47)
SpO, %

Mean (SD) 95.9 (3.20) 94.2 (4.23) 95.3 (3.78)
Median 97 95 96
Temperature, °C, 37.5(0.914) 38.4(1.030) 37.7 (1.015)
mean (SD)

Respiratory rate/ 20.2 (4.16) 23.4 (6.01) 21.1 (5.16)
min, mean (SD)

Systolic blood 136 (22.6) 137 (26.5) 137 (22.9)
pressure, mmHg,

mean (SD)

Diastolic blood 76.0 (12.7) 70.0 (10.2) 74.8 (12.3)
pressure, mmHg,

mean (SD)

Lymphocyte count x 1.42 (0.926) 1.08 (1.050) 1.26 (0.999)
10° cells/L, mean (SD)

Platelet count x 270 (115.8) 216 (88.2) 244 (106.7)

10° cells/L, mean (SD)

COVID, coronavirus disease; SpO,, oxygen saturation.

Emergency Admissions

Rapid SAMBA Il SARS-CoV-2 POCT was deemed beneficial in
436 (75.8%) tests performed at presentation to the emergency
department (ED) or the acute admission ward. In 12 instances,
a negative POC result did not change the initial risk assessment,
isolation, or clinical management due to a high clinical suspicion
of COVID-19. It is well known that the diagnosis of COVID-19 is
complicated in a number of patients who have negative PCR
nose and throat swabs, frequently after the first week of illness,
when SARS-CoV-2 antibody responses become detectable.” In
the remaining 121 (21.2%) tests in which no clinical benefit was
derived, the reasons for this were patients being discharged
home from the ED before the result became available, patients
being triaged and moved to a ward before the results were avail-
able, and patients having a previous recent SARS-CoV-2 test
result.

Pre-operative Testing

A total of 110 (11.3%) tests were performed in advance of surgi-
cal procedures, partly for infection control purposes, but mainly
to screen patients in light of data demonstrating increased peri-
operative mortality associated with COVID-19.%" POC tests were
deemed to have resulted in clinical benefit attributable to the
rapid result (Table 3) in 106/110 (96.3%) instances. SAMBA |l
SARS-CoV-2 testing facilitated surgical interventions, including
exploratory laparotomy, eye and maxillofacial surgery, solid or-
gan transplants, and caesarean sections.

Standard Standard

RT-PCR RT-PCR

Negative Positive Total
SAMBA Il SARS- 116 1 117
CoV-2 Negative
SAMBA Il SARS- 1 31 32
CoV-2 Positive
Total 117 32 149

RT-PCR, reverse transcriptase-polymerase chain reaction; SAMBA, sim-
ple amplification-based assay; SARS-CoV-2, severe acute respiratory
syndrome-coronavirus-2.

Discharge to Care Home or with a Care Package
Nursing homes came to be recognized as hotspots for COVID-
19 transmission, and at the end of April 2020, national policy
mandated a SARS-CoV-2 swab <48 h before discharge to a
nursing home or a setting where an individual was visited by
caregivers. SAMBA |l SARS-CoV-2 testing was successfully
used to facilitate discharge in 76/96 (79.2%) instances. In the re-
maining 20.8%, alternative reasons were identified in the
discharge pathway, which resulted in delays that required
another test to meet the hospital’s discharge policy.
Prevention of Healthcare-Associated Infection
A SAMBA 1l POC test was carried out in 94 patients for the pur-
pose of in-hospital triage and placement; 81 of these had suffi-
cient data to determine the impact of the SAMBA Il SARS-
CoV-2 test. The test was beneficial in 55.6% (45/81), allowing
the patient to remain in a low-risk open ward in 68.9% (31/45)
of instances, movement out of a side room in 17.8% (8/45),
and avoiding bay closures in 13.3% (6/45). In the remaining
44.4% (36/81) of instances in which no beneficial impact was
found, 7 of these had a previous recent test result, 2 of which
were known to be positive, and a SAMBA positive result had
no further impact. In 4 instances, the patient had been moved
before the result returning as clinical suspicion of COVID-19
was high, leading to triage before the result being known; in 8 in-
stances, there was no documented indication; and in the rest,
SAMBA 1l SARS-CoV-2 testing did not alter management.
Next, we compared clinical outcomes in the 10 days before
and following SAMBA Il SARS-CoV-2 introduction. Duplicate
tests in the same admission episode were excluded. We identi-
fied 561 tests in 388 individuals tested using the standard labo-
ratory RT-PCR in the 10 days before SAMBA Il SARS-CoV-2
introduction, and compared them with 913 tests done in 799 in-
dividuals using the POC test in the 10 days post- SAMBA I
SARS-CoV-2 introduction. Demographic characteristics of
both groups were similar. Clinical factors were different, which
reflects the timeline of the pandemic; the proportion of positive
tests, mortality, and presumed risk of COVID-19 was lower in
the post-implementation period (Table S3). The time from sam-
ple to test result fell dramatically (35.9 h (23.8-48.9) to 3.8 h
(2.7-6.0), p < 0.0001; Figure 4A shows Kaplan-Meier analysis).
The time to definitive ward move from admission also decreased
significantly after SAMBA Il SARS-CoV-2 introduction (23.4 h
(8.6-41.9) to 17.1 h (9.0-28.8), p = 0.02; Figure 4B shows
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Figure 2. Kaplan-Meier Plot of the Time to Test Result under Clinical
Validation Trial Conditions

The time to test result in hours for the SAMBA Il SARS-CoV-2 test (red)
compared with the standard lab RT-PCR (black) (log rank test p < 0.001).
RT-PCR, reverse transcriptase-polymerase chain reaction.

Kaplan-Meier analysis). The Cox proportional hazards regres-
sion model showed that even after mutually adjusting for age,
gender, quick sequential organ failure assessment (QSOFA)
score, National Early Warning Score 2 (NEWS2), and Charlson
Comorbidity Index (CCI), the SAMBA Il SARS-CoV-2 test was
independently associated with the shorter time to definitive
bed placement from admission (hazard ratio [HR] 1.25 [95% CI
1.02-1.53], p = 0.03). Other significant associations were
younger age and NEWS2 medium risk score (Table S4). Finally,
mean length of stay on a COVID-19 result wait-holding ward
decreased from 58.5 to 29.9 h (p < 0.001) compared to the
10 days pre-implementation.

DISCUSSION

Here, we report the impact of rapid POC molecular SARS-CoV-2
testing for the diagnosis of COVID-19 infection in a high-need
hospital setting. These data demonstrate that POCT can be
reliable and accurate and provide clinicians with much quicker
results compared to the current standard of care test. Further-
more, we demonstrate that routine use of this test had a real-
world impact on patient care and safety.

The POC SAMBA Il SARS-CoV-2 nucleic acid test was
compared to a reference RT-PCR test—the standard of care—
using combined nasal and throat swabs from participants pre-
senting to hospitals with a possible diagnosis of COVID-19.
Study participants were representative of United Kingdom
COVID-19 patients,?” and we found that the concordance be-
tween the tests was extremely high, with a Cohen « coefficient
of 0.96. When the standard lab RT-PCR test was referenced as
a gold standard, the sensitivity of SAMBA was 96.9% and the
specificity was 100%. The median time from swab to result
was 2.6 h for SAMBA Il as compared with 26.4 h for RT-PCR
(p < 0.001). Although the Hologic Panther Fusion platform used

4 Cell Reports Medicine 7, 100062, August 25, 2020
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Table 3. Clinical and Demographic Data of 992 Tests in 913
Patients Who Had the SAMBA Il SARS-CoV-2 Test in the Post-
implementation Period

(N) Individual

Patients = 913/

Tests =992
Male gender (%) n=3857/913

389 (44.6)
Median age, y (IQR) n =909/913

63 (37-79)
Duration of illness, days (IQR) 2 (1-7)
SAMBA Il SARS-CoV?2 result (%)

Positive 42 (4.2)
Negative 950 (95.8)
Triage at initial assessment (%) n = 966/992
Non-COVID-19 (green) 478 (49.5)
Possible COVID-19 (amber) 387 (40.0)
Likely COVID-19 (red) 101 (10.5)
Inpatient transfer (%) n = 976/992

Yes 20 (2.0)

No 956 (98.0)
Triage following SAMBA 1l SARS-CoV-2 n = 756/992
result (%)

Non-COVID-19 (green) 600 (79.4)

Possible COVID-19 (amber) 88 (11.6)

Likely COVID-19 (red) 68 (9.0)
Reason for SARS-CoV-2 test n = 970/992

Admission triage and placement 580 (59.8)

In-hospital triage and placement 94 (9.7)

Discharge to nursing home/carers 97 (10.0)

Pre-operative 110 (11.3)

Facilitate other investigations 12 (1.2)

Asymptomatic screening 37 (3.8)

Other 40 (4.1)

Note that some individuals had multiple admissions each with associated
POC tests. COVID-19, coronavirus disease 2019; IQR, interquartile
range; POC, point of care; SAMBA, simple amplification-based assay;
SARS-CoV-2, severe acute respiratory syndrome-coronavirus-2.

for the standard lab RT-PCR test has a turnaround time of
~3 h post-RNA extraction, the median turnaround times of
>24 h in our study reflects the logistical challenges of performing
these tests at the peak of the epidemic in our hospital. Speci-
mens were handled in biosafety level 3 (BSL 3) laboratory and
batch runs, which created a significant delay. This aspect of
delay was overcome by the SAMBA Il platform, which uses an
inactivation buffer, thereby avoiding the requirement for viral
transport media and BSL 2 and 3 facilities.

Patient placement during the COVID-19 pandemic has been a
significant challenge and has had a great impact on our ability to
maintain patient flow and safety in the hospital. The trial data on
SAMBA Il raised the prospect of addressing these problems. Our
hospital switched from standard lab RT-PCR testing to SAMBA Il
for in-hospital testing immediately following the end of the
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Figure 3. Impact of SAMBA Il SARS-CoV-2 Testing on COVID Risk Stratification and Change in Use of Single-Occupancy Isolation Rooms
(A) The assigned risk of COVID at initial assessment by a clinician at presentation and reassignment of COVID risk following the results of the SAMBA Il SARS-
CoV-2 test. Red, amber, and green represent high-, medium-, and low-risk clinical areas, respectively (p < 0.001 xz test).
(B) The isolation type at initial assessment and following the results of the SAMBA Il SARS-CoV-2 test (p < 0.001 %2 test).

validation study, providing an opportunity to prospectively eval-
uate almost 1,000 tests performed over 10 consecutive days.
Most of the tests were performed on new admissions to the hos-
pital and replicated the significant reduction in test turnaround
time observed in the clinical validation trial.

POC was also used to investigate newly symptomatic patients
in hospital to rationalize our limited isolation rooms, and also to
rapidly identify new COVID-19 cases, with appropriate infection
control and prevention of nosocomial outbreaks. '° Inappropriate
isolation is a large drain on staff and resources due to the need
for repeated deep cleaning, additional personal protective
equipment (PPE) utilization and the distress and risk to patients
from repeated bed moves.?® As expected, we observed a signif-
icant increase in the availability of isolation or single-occupancy

Proportion with test result
050
!

T T T T
50 100 150
Hours

Standard lab RT-PCR SAMBA Il SARS-CoV-2

rooms following POC introduction, and patients who tested
negative were able to be placed in low-risk areas of the hospital
and have interventions and procedures expedited.

We found that 11 ward closures were prevented in the 10-day
post-implementation phase by there being negative tests in
symptomatic hospital patients. Closed surgical bays in particular
can result in the cancellation of operations, as well as significant
financial losses to hospitals. Following this analysis, hospital
guidelines will be adapted to recommend waiting for SAMBA
test results before moving patients into isolation or closing bays.

When we performed a formal implementation impact analysis
using 10-day windows on either side of May 2, 2020, we found
that time to definitive ward move from admission decreased
significantly after the introduction of SAMBA Il SARS-CoV-2

050 o7
1 !

Proportion moved off result-holding wards

025
L

T T
0 20 w0 6 8 100
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SAMBA Il SARS-CoV-2 Standard lab RT-PCR

Figure 4. Kaplan-Meier Plots of the Time to Test Results and Definitive Ward Move Comparing SAMBA 1l SARS-CoV-2 Test in the Post-
implementation Period with the Standard Lab RT-PCR in the Pre-implementation Period

(A) The time to test result in hours for the SAMBA Il SARS-CoV-2 test (red) compared with the standard lab RT-PCR (black) (log rank test p < 0.001).

(B) The time to definitive ward move for SAMBA Il SARS-CoV-2 POC test (red) compared with the standard lab RT-PCR (black) (log rank test p = 0.02).
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testing, and length of stay on the main holding ward where test
results were awaited also fell significantly, which is consistent
with more rapid and accurate patient movement.

Although we did not conduct a cost-benefit analysis in this
study, the utilization of POCT in acute settings for other respira-
tory viruses has been shown to be cost-effective.”* Given the
morbidity and mortality associated with COVID-19 and the
disruption in healthcare provision caused by this pandemic, we
anticipate that SAMBA 1l SARS-CoV-2 implementation is also
likely to be a cost-effective intervention through reductions in de-
layed discharge, nosocomial transmission, and unnecessary use
of PPE. Formal economic analyses of POCT implementation in
pandemic settings are required.

SAMBA Il SARS-CoV-2 testing is being implemented in a very
limited number of hospitals, but there is an urgent need for POC
capacity in care homes, prisons, and other establishments. A
POC platform also has the potential to reduce disparities be-
tween secondary and tertiary medical centers that have special-
ized virology laboratories, and ensures equitable access to
timely SARS-CoV-2 testing results. SAMBA Il machines are
already in use in Uganda, Zimbabwe, and Kenya for HIV testing
and monitoring. If scale-up can be achieved in those settings,
POCT could be vital for controlling COVID-19 in sub-Saharan Af-
rica,® and our data will inform its optimal use.?®

Finally, based on the data presented, we predict that the im-
plementation of POCT for SARS-CoV-2 could have a critical
impact on the hospital management of suspected COVID-19
cases, particularly in the context of influenza and norovirus
seasons.

Limitations of Study

The clinical test validation component was limited by the fact that
the same swab could not be tested on the two platforms being
compared. This raised an issue of two separate samples being
tested on the two assays. Nonetheless, we identified only two
cases in which the sampling may have explained discrepant re-
sults. In addition, the SAMBA Il SARS-CoV-2 test is not capable
of providing viral load or cycle threshold values for more nuanced
analysis. The implementation phase took place 6 weeks into the
United Kingdom lockdown, at a time when the rate of new infec-
tions had reduced substantially across the country. Nonethe-
less, the study highlights the importance of rapid test results in
the COVID-19 era, regardless of the outcome of the test results.
It should also be borne in mind that nucleic acid tests on nose
and throat swabs can be negative in COVID-19 disease, partic-
ularly when presentation to the hospital occurs beyond 7 days.?®
However, for general hospital infection control purposes, nose
and throat nucleic acid detection is seen to be appropriate for
infection control and triaging purposes. Finally, the use of a pro-
prietary inactivation buffer may limit the generalizability of the
platform, particularly since supply shortages are a major prob-
lem in COVID-19 diagnostic assays.

STARXMETHODS

Detailed methods are provided in the online version of this paper
and include the following:
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER
Biological Samples

Participants combined nose and throat swab This study N/A

Critical Commercial Assays
SAMBA [l SARS-CoV-2 test Diagnostics for the real World Cat# 8500-12

SARS-CoV-2 RT-PCR in-house test on was QIAGEN
performed on QIAGEN Roto gene platform

Software and Algorithms
STATA version 13 STATA https://www.stata.com/order/download-details/
R2.6.3 The R project https://www.r-project.org/

RESOURCE AVAILABILITY

Lead Contact
Further information should be directed to and will be fulfilled by the Lead Contact, Ravindra Gupta rkg20@cam.ac.uk.

Materials Availability
This study did not generate new unique reagents.

Data and Code Availability
Raw anonymised data are available from the lead contact.

EXPERIMENTAL MODEL AND SUBJECT DETAILS
The study was conducted in two phases; a clinical validation phase followed by an implementation phase.

Clinical validation study

The COVIDx Study was a prospective, comparative, real world trial of SAMBA Il SARS-CoV-2 point of care testing compared to the
standard lab RT-PCR test in participants admitted to Cambridge University Hospitals NHS Foundation Trust (CUH) with a possible
diagnosis of COVID-19 (Data S1). CUH is a 1200-bed hospital providing secondary care to a population of 580,000 people in Cam-
bridge and the surrounding area, as well as tertiary referral services to the East of England.

Recruitment started two weeks into the national lockdown implemented by the UK government in response to the pandemic.
Eligible consecutive participants were recruited during 12-hour day shifts over a duration of 4 weeks from the 6" of April 2020 to
the 2" of May 2020. The prevalence of PCR positive SARS-CoV-2 infection among in-hospital patients in CUH decreased over
the course of the study from 14.8% to 3.1% from week 1 to week 4 of the study. This reflected the background prevalence in Cam-
bridgeshire which decreased from 17.9 per 100 000 population to 14.6 per 100 000 population in weeks 1 to 4 of the study®’. We
recruited adults (> 16 years old) presenting to the emergency department or acute medical assessment unit as a possible case of
COVID-19 infection. This included participants who met the Public Heath England (PHE) definition of a possible COVID-19 case:
any individual requiring hospital admission and has any of: clinical or radiological evidence of pneumonia, or acute respiratory
distress syndrome, or an influenza like illness (history of fever and at least one of the following respiratory symptoms, which must
be of acute onset- persistent cough (with or without sputum), hoarseness, nasal discharge or congestion, shortness of breath,
sore throat, wheezing, sneezing. This definition was later expanded to include any adult requiring hospital admission and who
was symptomatic of SARS-nCOV2 infection, demonstrated by clinical or radiological findings. This was done due to the changing
landscape of the COVID-19 epidemic and emergence of new symptoms such as anosmia and diarrhea. This protocol amendment
was applied after 77% of participants had been enrolled. The inclusion criteria were later expanded to include any adult requiring
hospital admission and who was symptomatic of SARS-CoV-2 infection, demonstrated by clinical or radiological findings. This
was done due to the changing landscape of the COVID-19 epidemic and emergence of new symptoms such as anosmia and diar-
rhea. Exclusion criteria included not having the standard lab RT-PCR test applied within an 18-hour window of SAMBA Il SARS-CoV-
2 test and those unwilling or unable to comply with study swabbing procedures.
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Clinical Implementation Study

Following the completion of the COVIDx validation study (May 1% 2020) and demonstration of performance equivalent to the refer-
ence standard test, the hospital switched from standard lab RT-PCR testing to use of SAMBA Il for in-hospital testing due to its
shorter turnaround time. There were no changes in the testing criteria over the implementation study. Twenty SAMBA |l machines
were operationalised by the CUH POC testing team, each machine capable of performing around 10-15 tests per day. To evaluate
the real-world impact of SAMBA on clinical care, we retrospectively gathered data on clinically relevant endpoints from electronic
patient records over a ten-day period before and after introduction of the SAMBA test for all patients who underwent COVID-19
testing.

All patients who underwent COVID-19 testing in a 10 day period before and after introduction of the SAMBA Il SARS-CoV-2 test
were included. Participants were identified from testing reports from the EPIC electronic hospital records system. Clinical and hos-
pital activity data were obtained from the same source. The determination of whether the SAMBA Il SARS-CoV-2 test was of benefit
or not was made by a clinician who reviewed each participants’ clinical notes. The test was deemed to be of benefit if the result facil-
itated a clinical decision which would otherwise have been delayed had a rapid test not been available.

METHOD DETAILS

Test methods

Participants in the COVIDx trial were tested using SAMBA Il SARS-CoV-2 on a combined nasal/throat swab within 18 hours of a
similar swab for the standard lab RT-PCR test. The index test is the SAMBA Il SARS-CoV-2 test - a nucleic acid amplification test
(NAAT) which uses nucleic acid sequence based amplification to detect SARS-CoV-2 RNA from throat and nose swab specimens
collected by dry sterile swab and inactivated in a proprietary inactivation buffer prior to analyses. This obviates the need for a BSL3
laboratory for specimen handling or viral extraction. The SAMBA || SARS-CoV-2 targets 2 genes- Orf1 and the E genes. The limit of
detection (LoD) of the SAMBA Il SARS-CoV-2 Test is 250 copies/mI*°. The SAMBA Il instrument system consists of the SAMBA ||
Assay Module (P/N 119-0006-AM) and the SAMBA Il Tablet Module (P/N 119-0006-TM). The assay module sits on a bench top at
room temperature and has an approximate size of 20cmx20cmx20cm. The SAMBA |l SARS-CoV- 2 test contains all materials
required for extraction of viral nucleic acid from the specimen, amplification of the nucleic acid target and the detection of the ampli-
fication products. All cartridges required to test one sample using SAMBA 1l SARS-CoV-2 test are packaged in a One Test Set bag.
The assay module is able to process one sample at a time and takes 90 minutes to run. One assay module is able to perform 10-15
tests in a 24-hour period.

There is currently no gold standard for the diagnosis of COVID-19. In lieu of a gold standard the reference standard used for this
study is an in-house RT- PCR test developed in the public health England (PHE) laboratory at CUH with a LOD of 320 copies/ml. This
test was performed on the QIAGEN Roto gene platform which gives a result in 3 hours and able to perform 100 samples at a time.
Specimens were handled in at BSL 3 laboratory and batch run, both of which contributed to increased TAT (test turnaround time).

Indeterminate SAMBA Il SARS-CoV-2 tests occurred if the positive control line was absent on the test strip and were repeated with
a 1:2 dilution of sample to inactivation buffer according to manufacturer standard operating procedures until a valid result was
obtained.

For lab RT-PCR, a dilution of the MS2 bacteriophage was added to all samples prior to the extraction step to act as an internal/
inhibition control. In the result of internal control failure, the result was classed as “invalid.” The results of the SAMBA Il SARS-CoV-2
was not known to the assessors of the standard lab RT-PCR.

Data Collection

Demographic and clinical data were obtained at presentation from the hospital’s electronic patient records (EPIC) and entered into
anonymised case report forms on the MACRO electronic database. Biological specimens from a combined nose and throat swab
were collected and stored by research nurses. Results were not made available to clinical teams during the study. The primary
outcome measures were time to result, concordance with the standard lab RT-PCR test and sensitivity/specificity of the SAMBA
I SARS-CoV-2 test.

Ethical approval
The protocol was approved by the East of England - Essex Research Ethics Committee. HRA and Health and Care Research Wales
(HCRW) approval was received. Verbal informed consent was obtained from all participants or in the case of participants without
capacity, from a consultant nominee who was involved in their clinical care but independent from the research team. The implemen-
tation study was registered as a service evaluation with Cambridge University Hospitals NHS Foundation Trust.

Patients or the public were not involved in the design, or conduct, or reporting, or dissemination plans of our research. There are no
plans to directly feedback the results to participants.
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QUANTIFICATION AND STATISTICAL ANALYSIS

Clinical Validation Study

We assumed a target sensitivity of 0.95 and disease prevalence of 15%. Using a 5% significance level and allowing for an error of
10% gave a required sample size of 122. Participants with missing SAMBA II SARS-CoV-2 or standard lab RT-PCR tests result were
excluded from the analyses. Descriptive analyses of clinical and demographic data are presented as median and interquartile range
(IQR) when continuous and as frequency and proportion (%) when categorical. The difference in continuous and categorical data
were tested using Wilcoxon rank sum and Chi-square test respectively. Agreement between the two tests was assessed using
Cohen’s kappa, a correlation-like measure which accounts for agreement by chance alone, in which case « = 0, while k = 1
and k = —1 correspond to perfect agreement and completely discordant pairs respectively. Sensitivity and specificity of SAMBA
Il SARS-CoV-2 test were presented with exact Clopper-Pearson 95% confidence intervals due to estimates being near 1. Kaplan
Meier survival analysis was used to compare time to result for the two tests, with log rank testing. Analysis was done using R and
STATA version 13.

Clinical Implementation Study

The main study outcomes in the implementation study were the indication for SAMBA Il SARS-CoV-2 test and perceived impact.
Secondary outcomes were time to definitive patient triage from the emergency department (ED), time spent on COVID-19 holding
wards, bay closures avoided, proportions of patients in isolation rooms following test and proportions of patients able to be moved
to COVID-19 negative open wards following test.

Descriptive analyses of clinical and demographic data are presented as median (IQR) when continuous and frequency (%) when
categorical. Difference in continuous variables between the pre and post implementation groups were assessed using the Wilcoxon
rank sum tests and difference in categories and proportion were assessed using the Chi-square test or test of proportions. Kaplan
Meier survival analysis was used to compare time to result and time to definitive bed placement from admission for the two tests, with
log rank testing. Cox proportional hazards regression was used to estimate the hazard ratio (HR) of the associations between time to
definitive bed placement and participant clinical and demographic factors. In the final multivariable model, mutually adjusted esti-
mates of the HRs were determined by including those factors with evidence of an association in the univariable analysis and a p value
of <0.1. Although gender was not significantly associated with time to definitive bed placement in the univariable analysis, it was kept
in the final model as it was an a priori specified confounder. Analysis was done using STATA version 13.

ADDITIONAL RESOURCES

COVIDx was registered with the ClinicalTrials.gov Identifier NCT04326387.
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