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 74 

Summary 75 

There is urgent need for rapid SARS-CoV-2 testing in hospital to limit nosocomial spread. 76 

We report an evaluation of point of care (POC) nucleic acid amplification testing (NAAT) in 77 

149 participants with parallel combined nasal/throat swabbing for POC versus standard lab 78 

RT-PCR testing. Median time to result is 2.6 (IQR 2.3 to 4.8) versus 26.4 hours (IQR 21.4 to 79 

31.4, p<0.001) with 32 (21.5%) positive and 117 (78.5%) negative. Cohen's kappa correlation 80 

between tests is 0.96 (95%CI 0.91, 1.00). When comparing nearly 1000 tests pre- and post- 81 

implementation, median time to definitive bed placement from admission is 23.4 (8.6-41.9) 82 

versus 17.1 hours (9.0-28.8), p=0.02. Mean length of stay on COVID-19 ‘holding’ wards is 83 

58.5 versus 29.9 hours (p<0.001). POC testing increases isolation room availability, avoids 84 

bed closures, allows discharge to care homes and expedites access to hospital procedures. 85 

POC testing could mitigate the impact of COVID-19 on hospital systems. 86 

 87 

 88 

Introduction 89 

As of 22nd  of June 2020, 9.0 million people have been infected with SARS-CoV-2 with over 90 

469,939 deaths and 40,000 deaths in the UK attributed to COVID-191. Current clinical 91 

testing for acute SARS-CoV-2 infection and infection risk relies on nucleic acid detection 92 

using reverse transcription polymerase chain reaction (RT-PCR) on nose/throat swabs2,3. 93 

Antibodies to SARS-CoV-2 are detectable in only 50% by day 5-74 and are therefore not 94 

suitable as a test for early infection, although they are useful in the second phase of illness 95 

when virus detection wanes in upper respiratory tract samples3,5. Antigen tests for COVID-19 96 

diagnosis have performed poorly to date and therefore nucleic acid detection remains the test 97 

of choice. Nucleic acid testing usually requires central laboratory testing with concomitant 98 

delays, and turnaround times are usually in excess of 24 hours, and often days6. Due to 99 



diverse presentations of COVID-197, lack of a timely diagnosis can have serious 100 

consequences, including deadly nosocomial outbreaks8.  101 

 102 

Screening hospital admissions rapidly is therefore critical in order to manage patient flow and 103 

limit potential for nosocomial transmission9,10. In the absence of a reliable POC test, hospitals 104 

have resorted to creating bespoke care pathways in order to use isolation rooms most 105 

effectively for vulnerable patients11. Finally, given care home outbreaks, there is also urgent 106 

need to rapidly demonstrate COVID-19 status on discharge planning. This need for rapid and 107 

safe patient movement is likely to increase sharply in late 2020 when norovirus and influenza 108 

(with or without SARS-CoV-212) will likely compound pressure on hospitals and isolation 109 

capacity in particular. Such an approach would also relieve pressure on hospital virology 110 

laboratories so they can resume routine testing.  111 

 112 

A number of near patient tests have been described. Some have not performed well13, and 113 

none have undergone testing under rigorous clinical trial conditions with ‘real world’ data on 114 

impact on patient managment14-18. Thorough, prospective evaluation for a high consequence 115 

pathogen such as SARS-CoV-2 is particularly important given risks related to false positives 116 

or negatives in the hospital setting.  117 

 118 

SAMBA (simple amplification based assay), an isothermal amplification based platform, has 119 

been extensively field tested for HIV diagnostic applications in low resource settings19,20, and 120 

has been adapted for use in SARS-CoV-2 with successful pre-clinical testing using synthetic 121 

standards and stored positive and negative clinical samples21. Here we present a prospective 122 

clinical validation trial comparing SAMBA II SARS-CoV-2 performance against the 123 

standard lab RT-PCR test in suspected COVID-19 cases presenting to hospital, followed by 124 

analysis of POC implementation in hospital.    125 

 126 

Results 127 

Clinical validation study of SARS-CoV-2 POC test 128 

Of 178 screened patients, 149 met eligibility criteria for inclusion in the clinical trial (Figure 129 

1). Mean age was 62.7 years and 47% were male. 32/149 (21.6%) tested positive by the 130 

standard lab RT-PCR test. Mean temperature and respiratory rate were higher in the standard 131 

lab RT-PCR positive group (Table 1). Median duration of symptoms was 3 (IQR 1.75-10.5) 132 

and 4 (IQR 2-13) days in standard lab RT-PCR positive and negative participants 133 



respectively. There were seven discrepant results between the POC and laboratory assays 134 

(7/149) after initial testing. Discrepancy analysis concluded that there was one false negative 135 

by the POC test, likely related to sampling variation, and no false positives (supplementary 136 

table 1). The standard lab RT-PCR had one false negative in a participant with clinical and 137 

radiological evidence of disease. Cohen's kappa correlation between the two tests was 0.96, 138 

95% CI (0.91, 1.00). The effective sensitivity of SAMBA II SARS-CoV-2 test as compared 139 

to the standard lab RT-PCR was 96.9% (95% CI 84.2-99.9) with specificity of 100% (95% 140 

CI 96.9-100) (Table 2). POC testing was associated with shorter time from sampling to result 141 

(Figure 2); median time to result was 2.6 hours (IQR 2.3 to 4.8) for POC testing and 26.4 142 

hours (IQR 21.4 to 31.4) for the standard lab RT-PCR test (p<0.001).   143 

 144 

SARS-CoV-2 POC Testing Implementation study 145 

992 SAMBA II SARS-CoV-2 tests were performed between May 2nd and May 11th inclusive 146 

in 913 individuals. POC testing was used for the following main indications: 59.8% of tests 147 

were used for newly hospitalised patients, and the remainder were done for pre-operative 148 

screening (11.3%), discharges to nursing homes (10.0%), in-hospital screening of new 149 

symptoms (9.7%), screening in asymptomatic patients requiring hospital admission screening 150 

(3.8%) and access to interventions such as dialysis and chemotherapy for high risk patients 151 

(1.2%) (Table 3). Median time to result was 3.6 hours (IQR 2.6 to 5.8h). The rapid result 152 

from a POC test was deemed to have a beneficial clinical impact in 77.4% of patients who 153 

had the test. (Supp Table 2).  154 

 155 

POC testing with negative results allowed a significant increase in the number of patients 156 

able to move to ‘green’ non-COVID-19 areas [green status (478/966) 49.5% prior to test and 157 

(600/756) 79.4% afterwards, p<0.001]. The numbers in ‘amber’ areas (possible COVID-19) 158 

fell reciprocally (Figure 3A) [40% on amber prior to test and 11.6% after, p<0.001], thereby 159 

allowing quicker access to potentially life-saving procedures such as CT Angiography or 160 

cardiac monitoring (Supp Table 5). We observed a concomitant fall in use of single 161 

occupancy rooms amongst those tested for new in-hospital COVID-19 symptoms from 162 

30.8% before to 21.2% (p=0.03) after the POC test result (Figure 3B). Eleven bay closures 163 

were prevented with POC testing overall, with each bay having an average of six beds.  164 

 165 

We then examined the clinical utility of POC testing for a range of indications 166 

(supplementary table 2).  167 



 168 

Emergency admissions 169 

Rapid SAMBA II SARS-CoV-2 POC testing was deemed beneficial in 436 (75.8%) tests 170 

performed at presentation to the emergency departement (ED) or the acute admission ward. 171 

In 12 instances a negative POC result did not change the initial risk assessment, isolation or 172 

clinical management due to a high clinical suscpicion of COVID-19. It is well known that the 173 

diagnosis of COVID-19 is complicated in a number of patients who have negative PCR 174 

nose/throat swabs, frequently after the first week of illness when SARS-CoV-2 antibody 175 

responses become detectable4. In the remaining 121 (21.2%) tests where no clinical benefit 176 

was derived the reasons for this were: patients being discharged home from ED prior to the 177 

result becoming available; patients being triaged and moved to a ward before the results were 178 

available; and patients having a previous recent SARS-CoV-2 test result. 179 

 180 

Pre-operative testing 181 

110 (11.3%) tests were performed prior to surgical procedures, partly for infection control 182 

purposes, but mainly to screen patients in light of data demonstrating increased peri-operative 183 

mortality associated with COVID-1922. POC tests were deemed to have resulted in clinical 184 

benefit attributable to the rapid result (Table 3) in 106/110 (96.3%) instances. SAMBA II 185 

SARS-CoV-2 testing facilitated surgical interventions including exploratory laparotomy, eye 186 

and maxillofacial surgery, solid organ transplants and caesarean sections. 187 

 188 

Discharge to care home or with a care package 189 

Nursing homes came to be recognised as “hotspots” for COVID-19 transmission and at the 190 

end of April 2020 national policy mandated a SARS-CoV-2 swab less than 48 hours before 191 

discharge to a nursing home or a setting where an individual was visited by carers. SAMBA 192 

II SARS-CoV-2 testing was successfully used to facilitate discharge in 76/96 (79.2%) 193 

instances. In the remaining 20.8%, alternative reasons were identified in the discharge 194 

pathway that resulted in delays that required another test to meet the hospital’s discharge 195 

policy.  196 

 197 

Prevention of Health Care Associated Infection 198 

94 patients had a SAMBA II POC test carried out for the purpose of in-hospital triage and 199 

placement. 81 of these had sufficient data to determine the impact of SAMBA II SARS-CoV-200 

2 test. The test was beneficial in 55.6% (45/81), allowing the patient to remain in a low risk 201 



open ward in 68.9% (31/45) instances, movement out of a side room in 17.8% (8/45) and 202 

avoiding bay closures in 13.3% (6/45). In the remaining 44.4% (36/81) of instances in which 203 

no beneficial impact was found, 7 of these had a previous recent test result of which 2 were 204 

known positive, and a SAMBA positive result had no further impact. In 4 instances, the 205 

patient had been moved prior to the result returning as clinical suspicion of COVID-19 was 206 

high leading to triage prior to the result being known, in 8, there was no documented 207 

indication and in the rest SAMBA II SARS-CoV-2 testing did not alter management.  208 

 209 
 210 

Next we compared clinical outcomes in the 10 days prior to and following SAMBA II SARS-211 

CoV-2 introduction. Duplicate tests in the same admission episode were excluded. We 212 

identified 561 tests in 388 individuals tested using the standard laboratory RT-PCR in the 10 213 

days prior to SAMBA II SARS-CoV-2 introduction, and compared them with 913 tests done 214 

in 799 individuals using the POC test in the 10 days post- SAMBA II SARS-CoV-2 215 

introduction. Demographic characteristics of both groups were similar. Clinical factors were 216 

different which reflects the timeline of the pandemic; the proportion of positive tests, 217 

mortality and presumed risk of COVID-19 was lower in the post implementation period, 218 

(Supp Table 3). Time from sample to test result fell dramatically [35.9 hours (23.8-48.9) to 219 

3.8 hours (2.7-6.0), p<0.0001, Figure 4A shows Kaplan-Meier analysis]. Time to definitive 220 

ward move from admission also decreased significantly after SAMBA II SARS-CoV-2 221 

introduction [23.4 hours (8.6-41.9) to 17.1 hours (9.0-28.8), p=0.02, Figure 4B shows 222 

Kaplan-Meier analysis]. The Cox proportional hazards regression model showed that even 223 

after mutually adjusting for age, gender, quick sequential organ failure assessment score 224 

(qSOFA), national early warning score 2 (NEWS2), and Charlson Comorbidity Index (CCI), 225 

SAMBA II SARS-CoV-2 test was independently associated with the shorter time to 226 

definitive bed placement from admission [HR 1.25 (95% CI 1.02-1.53), p=0.03]. Other 227 

significant associations were younger age and NEWS2 medium risk score. (Supp Table 4). 228 

Finally, mean length of stay on a COVID-19 result wait/holding ward decreased from 58.5 229 

hours to 29.9 hours (p<0.001) compared to the 10 days prior to implementation.  230 

 231 

Discussion 232 

Here we report the impact of rapid POC molecular SARS-CoV-2 testing for diagnosis of 233 

COVID-19 infection in a high need hospital setting. These data demonstrate that POC testing 234 

can be reliable, accurate and provide clinicians with much quicker results compared to the 235 



current standard of care test. Furthermore, we demonstrate that the routine use of this test had 236 

a real-world impact on patient care and safety.  237 

 238 

The POC SAMBA II SARS-CoV-2 nucleic acid test was compared to a reference RT-PCR 239 

test - the standard of care, using combined nasal/throat swabs from participants attending 240 

hospital with a possible diagnosis of COVID-19. Study participants were representative of 241 

UK COVID-19 patients23, and we found that concordance between the tests was extremely 242 

high with Cohen kappa coefficient 0.96. When the standard lab RT-PCR test was referenced 243 

as a ‘gold standard’, sensitivity of SAMBA was 96.9% and specificity 100%. Median time 244 

from swab to result was 2.6 hours for SAMBA II as compared with 26.4 hours for RT-PCR 245 

(p<0.001). Although the Hologic Panther Fusion platform used for the standard lab RT-PCR 246 

test has a turnaround time of around 3 hours post-RNA extraction, the median turnaround 247 

times of  >24 hours in our study reflects the logistical challenges of performing these tests at 248 

the peak of the epidemic in our hospital. Specimens were handled in BSL 3 laboratory and 249 

batch run, which created a significant delay. This aspect of delay was overcome by the 250 

SAMBA II platform which uses an inactivation buffer, thereby avoiding the requirement for 251 

viral transport media and BSL2/3 facilities. 252 

 253 

Patient placement during the COVID-19 pandemic has been a significant challenge and has 254 

significantly impacted the ability to maintain patient flow and safety in hospital. The trial 255 

data on SAMBA II raised the prospect of addressing these problems. Our hospital switched 256 

from standard lab RT-PCR testing to SAMBA II for in-hospital testing immediately 257 

following the end of the validation study, providing an opportunity to prospectively evaluate 258 

almost 1000 tests performed over ten consecutive days. Most tests were performed on new 259 

admissions to hospital and replicated the significant reduction in test turnaround time 260 

observed in the clinical validation trial.  261 

 262 

POC was also used to investigate newly symptomatic patients in hospital to rationalise our 263 

limited isolation rooms, and also to rapidly identify new COVID-19 cases with appropriate 264 

infection control and prevention of nosocomial outbreaks10.  Inappropriate isolation is a large 265 

drain on staff and resources due to the need for repeated deep cleaning, additional PPE 266 

utilisation and the distress and risk to patients from repeated bed moves24.  As expected, we 267 

observed a significant increase in the availability of isolation/ single occupancy rooms 268 



following POC introduction, and also patients testing negative were able to be placed in low 269 

risk areas of the hospital and have interventions/procedures expedited.  270 

 271 

We found that 11 ward closures were prevented in the ten-day post implementation phase by 272 

having negative tests in symptomatic hospital patients. Closed surgical bays in particular can 273 

result in cancellations of operations, as well as significant financial losses to hospitals. 274 

Following this analysis, hospital guidelines will be adapted to recommend waiting for 275 

SAMBA test results before moving patients into isolation or closing bays. 276 

 277 

When then performed formal implementation impact analysis using ten day windows either 278 

side of May 2nd 2020, we found that time to definitive ward move from admission decreased 279 

significantly after SAMBA II SARS-CoV-2 introduction, and length of stay on the main 280 

holding ward where test results were awaited also fell significantly, consistent with more 281 

rapid and accurate patient movement.  282 

 283 

Although we did not conduct a cost benefit analysis in this study, the utilisation of POCT in 284 

acute settings for other respiratory viruses has been shown to be cost effective25. Given the 285 

morbidity and mortality associated with COVID-19, as well as the disruption that this 286 

pandemic has placed on healthcare provision, we anticipate that SAMBA II SARS-CoV-2 287 

implementation is also likely to be a cost-effective intervention through reductions in delayed 288 

discharge, nosocomial transmission and unnecessary use of personal protective equipment. 289 

Formal economic analyses of POCT implementation in pandemic settings are required.  290 

 291 

SAMBA II SARS-CoV-2 test is being implemented in a very limited number of hospitals, but 292 

there is urgent need for POC capacity in care homes, prisons and possibly other 293 

establishments. A POC platform also has the potential to reduce disparities between 294 

secondary and tertiary medical centres that have specialised virology laboratories, and ensure 295 

equitable access to timely SARS-CoV-2 testing results. SAMBA II machines are already in 296 

use in Uganda, Zimbabwe and Kenya for HIV testing and monitoring. If scale up can be 297 

achieved in those settings, POC testing could be vital for controlling COVID-19 in sub-298 

Saharan Africa8 and our data will inform their optimal use26.  299 

 300 



Finally, based on the data presented, we predict that implementation of POC testing for 301 

SARS-CoV-2 could have a critical impact on hospital management of suspected COVID-19 302 

cases, particularly in the context of influenza and norovirus seasons.  303 

 304 

Limitations 305 

The clinical test validation component was limited by the fact that the same swab could not 306 

be tested on the two platforms being compared. This raised an issue of two separate samples 307 

being tested on the two assays. Nonetheless, we identified only two cases where the sampling 308 

may have explained discrepant results. In addition, the SAMBA II SARS-CoV-2 test is not 309 

able to give viral load or cycle threshold values for more nuanced analysis. The 310 

implementation phase took place 6 weeks into the UK lockdown, at a time when the rate of 311 

new infections had reduced substantially across the country.  Nonetheless, the study 312 

highlights the importance of rapid test results in the COVID-19 era, regardless of the 313 

outcome of the test results. It should also be borne in mind that nucleic acid tests on 314 

nose/throat swabs can be negative in COVID-19 disease, particularly when presentation to 315 

hospital is beyond 7 days27. However, for general hospital infection control purposes, 316 

nose/throat nucleic acid detection is seen to be appropriate for infection control and triaging 317 

purposes. Finally, use of a proprietary inactivation buffer may limit the generalizability of the 318 

platform, particularly since supply shortages are a major problem for COVID-19 diagnostic 319 

assays. 320 

 321 
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Figure titles and legends 334 



 335 

Figure 1: Prospective clinical study flow chart CONSORT diagram. N-number; VTM- viral 336 

transport medium; PHE- Public Health England.  337 

 338 

Figure 2: Kaplan Meier plot of the time to test result under clinical validation trial conditions. 339 

The time to test result in hours for the SAMBA II SARS-CoV-2 test (red) compared with the 340 

standard lab RT-PCR (black) (log rank test p<0.001) 341 

 342 

Figure 3: Impact of SAMBA II SARS-CoV-2 testing on COVID risk stratification and 343 

change in use of single occupancy isolation rooms. (A) the assigned risk of COVID at initial 344 

assessment by a clinician at presentation and reassignment of COVID risk following the 345 

results of the SAMBA II SARS-CoV-2 test. Red, amber and green represent high, medium 346 

and low risk clinical areas respectively (p<0.001 chi square test).  (B) the isolation type at 347 

initial assessment and following the results of the SAMBA II SARS-CoV-2 test (p<0.001 chi 348 

square test).  349 

 350 

Figure 4: Kaplan Meier plots of the time to test results and definitive ward move comparing 351 

SAMBA II SARS-CoV-2 test in the post-implementation period with the standard lab RT-352 

PCR in the pre-implementation period. (A) the time to test result in hours for the SAMBA II 353 

SARS-CoV-2 test (red) compared with the standard lab RT-PCR (black) (log rank test 354 

p<0.001). (B) the time to definitive ward move for SAMBA II SARS-CoV-2 POC test (red) 355 

compared with the standard lab RT-PCR (black) (log rank test p=0.02). RT-PCR- reverse 356 

transcriptase- polymerase chain reaction. 357 

 358 

 359 

 360 
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 366 

 367 

 368 



 369 

 370 

 371 

 372 

 373 

 374 

 375 

 376 

 377 

 378 

 379 

 380 

 381 

 382 

 383 

 384 

 385 

 386 

 387 

 388 

 389 

 390 

 391 

 392 

 393 

 394 

 395 

 396 

 397 

Table 1: Baseline characteristics of prospective participants in the COVIDx trial. n- 398 

number; SD- standard deviation; SpO2- oxygen saturation.  399 

 400 

 401 

 402 

Variable  Statistics  Negative  Positive  Total  

Age  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 (58)  11/32 (34)  83/158 (53)  

  Male (%) 49/116 (42)  21/32 (66)  75/158 (47) 

SpO2 % Mean (SD) 95.9 (3.20) 94.2 (4.23) 95.3 (3.78) 

 Median 97 95 96 

Temperature 0C Mean (SD) 37.5 (0.914) 38.4 (1.030) 37.7 (1.015) 

Respiratory 

rate/min 

Mean (SD) 20.2 (4.16) 23.4 (6.01) 21.1 (5.16) 

Systolic blood 

pressure mmHg 

Mean (SD) 136 (22.6) 137 (26.5) 137 (22.9) 

Diastolic blood 

pressure mmHg 

Mean (SD) 76.0 (12.7) 70.0 (10.2) 74.8 (12.3) 

Lymphocyte count 

x109 cells/litre 

Mean (SD) 1.42 (0.926) 1.08 (1.050) 1.26 (0.999) 

Platelet count 

x109 cells/litre 

Mean (SD) 270 (115.8) 216 (88.2) 244 (106.7) 



 403 

 404 

 405 

 406 

 407 

 408 

 409 

 410 

 411 

 412 

 413 

 Standard RT-PCR 

Negative 

Standard RT-PCR 

Positive 

Total 

SAMBA II SARS-CoV-2 

Negative 

116 1 117 

SAMBA II SARS-CoV-2 

Positive 

1 31 32 

Total 117 32 149 

Table 2: Accuracy of the SAMBA II SARS-CoV-2 test compared with standard lab RT-414 

PCR testing. RT-PCR- reverse transcriptase- polymerase chain reaction. 415 

 416 

 417 

 418 

 419 

 420 

 421 

 422 

 423 

 424 

 425 

 426 

 427 

 428 
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 435 

 436 

 437 

 438 

 439 

 (N) Individual patients=913/ Tests=992  

Male (%) n=857/913 

389 (44.6) 

Median age years (IQR) n=909/913 

63 (37-79) 

Duration of illness days(IQR) 2 (1-7) 

SAMBA II SARS-CoV2 result (%) 

   Positive 

   Negative 

 

42 (4.2) 

950 (95.8) 

Triage at initial assessment (%) 

   non-COVID-19 (green) 

   possible COVID-19 (amber) 

   likely COVID-19 (red) 

n=966/992 

478 (49.5) 

387 (40.0) 

101 (10.5) 

Inpatient Transfer (%) 

   Yes 

   No 

n=976/992 

20 (2.0) 

956 (98.0) 

Triage following SAMBA II SARS-CoV2 result (%) 

   non-COVID-19 (green) 

   possible COVID-19 (amber) 

   likely COVID-19 (red) 

n=756/992  

600 (79.4) 

88 (11.6) 

68 (9.0) 

Reason for SARS-CoV-2 test 

   Admission triage and placement 

   In-hospital triage and placement 

   Discharge to nursing home/carers 

   Pre-operative 

   Facilitate other investigations  

   Asymptomatic screening                                   

   Other              

n=970/992 

580 (59.8) 

94 (9.7) 

97 (10.0) 

110 (11.3) 

12 (1.2) 

37 (3.8) 

40 (4.1) 

 440 

Table 3: Clinical and demographic data of 992 tests in 913 patients who had the 441 

SAMBA II SARS-CoV-2 test in the post-implementation period. Note that some 442 



individuals had multiple admissions each with associated POC tests. N- number as 443 

indicated; IQR- interquartile range. 444 

 445 
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 448 
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 451 

 452 

 453 

 454 

STAR Methods 455 

 456 

RESEOURCE AVAILABILITY 457 

 458 
Lead Contact 459 
 460 

Further information should be directed to and will be fulfilled by the Lead Contact, Ravindra 461 

Gupta rkg20@cam.ac.uk. 462 

 463 

Materials Availability 464 
 465 

This study did not generate new unique reagents. 466 
 467 
 468 
Data and Code Availability 469 
 470 
Raw anonymised data are available from the lead contact. 471 
 472 
 473 
 474 
EXPERIMENTAL MODEL AND SUBJECT DETAILS 475 
 476 

The study was conducted in two phases; a clinical validation phase followed by an 477 

implementation phase.  478 

 479 

Clinical validation study 480 



 481 

The COVIDx Study was a prospective, comparative, real world trial of SAMBA II SARS-482 

CoV-2 point of care testing compared to the standard lab RT-PCR test in participants 483 

admitted to Cambridge University Hospitals NHS Foundation Trust (CUH) with a possible 484 

diagnosis of COVID-19 (Data S1). CUH is a 1200-bed hospital providing secondary care to a 485 

population of 580,000 people in Cambridge and the surrounding area, as well as tertiary 486 

referral services to the East of England. 487 

 488 

Recruitment started two weeks into the national lockdown implemented by the UK 489 

government in response to the pandemic. Eligible consecutive participants were recruited 490 

during 12-hour day shifts over a duration of 4 weeks from the 6th of April 2020 to the 2nd of 491 

May 2020. The prevalence of PCR positive SARS-CoV-2 infection amongst in-hospital 492 

patients in CUH decreased over the course of the study from 14.8% to 3.1% from week 1 to 493 

week 4 of the study. This reflected the background prevalence in Cambridgeshire which 494 

decreased from 17.9 per 100 000 population to 14.6 per 100 000 population in weeks 1 to 4 495 

of the study28. We recruited adults (>16 years old) presenting to the emergency department or 496 

acute medical assessment unit as a possible case of COVID-19 infection. This included 497 

participants who met the Public Heath England (PHE) definition of a possible COVID-19 498 

case: any individual requiring hospital admission and has any of: clinical or radiological 499 

evidence of pneumonia, or acute respiratory distress syndrome, or an influenza like illness 500 

(history of fever and at least one of the following respiratory symptoms, which must be of 501 

acute onset- persistent cough (with or without sputum), hoarseness, nasal discharge or 502 

congestion, shortness of breath, sore throat, wheezing, sneezing. This definition was later 503 

expanded to include any adult requiring hospital admission and who was symptomatic of 504 

SARS-nCOV2 infection, demonstrated by clinical or radiological findings. This was done 505 

due to the changing landscape of the COVID-19 epidemic and emergence of new symptoms 506 

such as anosmia and diarrhoea. This protocol amendment was applied after 77% of 507 

participants had been enrolled. The inclusion criteria were later expanded to include any adult 508 

requiring hospital admission and who was symptomatic of SARS-CoV-2 infection, 509 

demonstrated by clinical or radiological findings. This was done due to the changing 510 

landscape of the COVID-19 epidemic and emergence of new symptoms such as anosmia and 511 

diarrhoea. Exclusion criteria included not having the standard lab RT-PCR test applied within 512 

an 18-hour window of SAMBA II SARS-CoV-2 test and those unwilling or unable to comply 513 

with study swabbing procedures.  514 



 515 

Clinical Implementation Study 516 

 517 

Following the completion of the COVIDx validation study (May 1st 2020) and demonstration 518 

of performance equivalent to the reference standard test, the hospital switched from standard 519 

lab RT-PCR testing to use of SAMBA II for in-hospital testing due to its shorter turnaround 520 

time. There were no changes in the testing criteria over the implementation study. Twenty 521 

SAMBA II machines were operationalised by the CUH POC testing team, each machine 522 

capable of performing around 10-15 tests per day. To evaluate the real-world impact of 523 

SAMBA on clinical care, we retrospectively gathered data on clinically relevant endpoints 524 

from electronic patient records over a ten-day period before and after introduction of the 525 

SAMBA test for all patients who underwent COVID-19 testing. 526 

 527 

All patients who underwent COVID-19 testing in a 10 day period before and after 528 

introduction of the SAMBA II SARS-CoV-2 test were included. Participants were identified 529 

from testing reports from the EPIC electronic hospital records system. Clinical and hospital 530 

activity data were obtained from the same source. The determination of whether the SAMBA 531 

II SARS-CoV-2 test was of benefit or not was made by a clinician who reviewed each 532 

participants’ clinical notes. The test was deemed to be of benefit if the result facilitated a 533 

clinical decision which would otherwise have been delayed had a rapid test not been 534 

available. 535 

 536 

 537 

METHOD DETAILS 538 
 539 

Test methods 540 

 541 

Participants in the COVIDx trial were tested using SAMBA II SARS-CoV-2 on a combined 542 

nasal/throat swab within 18 hours of a similar swab for the standard lab RT-PCR test. The 543 

index test is the SAMBA II SARS-CoV-2 test - a nucleic acid amplification test (NAAT) 544 

which uses nucleic acid sequence based amplification to detect SARS-CoV-2 RNA from 545 

throat and nose swab specimens collected by dry sterile swab and inactivated in a proprietary 546 

inactivation buffer prior to analyses. This obviates the need for a BSL3 laboratory for 547 

specimen handling or viral extraction. The SAMBA II SARS-CoV-2 targets 2 genes- Orf1 548 



and the E genes. The limit of detection (LoD) of the SAMBA II SARS-CoV-2 Test is 250 549 

copies/ml21. The SAMBA II instrument system consists of the SAMBA II Assay Module 550 

(P/N I19-0006-AM) and the SAMBA II Tablet Module (P/N I19-0006-TM). The assay 551 

module sits on a bench top at room temperature and has an approximate size of 552 

20cmx20cmx20cm. The SAMBA II SARS-CoV- 2 test contains all materials required for 553 

extraction of viral nucleic acid from the specimen, amplification of the nucleic acid target and 554 

the detection of the amplification products. All cartridges required to test one sample using 555 

SAMBA II SARS-CoV-2 test are packaged in a One Test Set bag. The assay module is able 556 

to process one sample at a time and takes 90 minutes to run. One assay module is able to 557 

perform 10-15 tests in a 24-hour period.  558 

 559 

There is currently no gold standard for the diagnosis of COVID-19. In lieu of a gold standard 560 

the reference standard used for this study is an in-house RT- PCR test developed in the public 561 

health England (PHE) laboratory at CUH with a LOD of 320 copies/ml. This test was 562 

performed on the Qiagen Roto gene platform which gives a result in 3 hours and able to 563 

perform 100 samples at a time. Specimens were handled in at BSL 3 laboratory and batch 564 

run, both of which contributed to increased TAT (test turnaround time). 565 

 566 

Indeterminate SAMBA II SARS-CoV-2 tests occurred if the positive control line was absent 567 

on the test strip and were repeated with a 1:2 dilution of sample to inactivation buffer 568 

according to manufacturer standard operating procedures until a valid result was obtained.  569 

For lab RT-PCR, a dilution of the MS2 bacteriophage was added to all samples prior to the 570 

extraction step to act as an internal/inhibition control. In the result of internal control failure, 571 

the result was classed as "invalid". The results of the SAMBA II SARS-CoV-2 was not 572 

known to the assessors of the standard lab RT-PCR. 573 

 574 

Data Collection 575 

 576 

Demographic and clinical data were obtained at presentation from the hospital’s electronic 577 

patient records (EPIC) and entered into anonymised case report forms on the MACRO 578 

electronic database. Biological specimens from a combined nose and throat swab were 579 

collected and stored by research nurses. Results were not made available to clinical teams 580 

during the study. The primary outcome measures were time to result, concordance with the 581 

standard lab RT-PCR test and sensitivity/specificity of the SAMBA II SARS-CoV-2 test.  582 



 583 

Ethical approval 584 

 585 

The protocol was approved by the East of England - Essex Research Ethics Committee. HRA 586 

and Health and Care Research Wales (HCRW) approval was received. Verbal informed 587 

consent was obtained from all participants or in the case of participants without capacity, 588 

from a consultant nominee who was involved in their clinical care but independent from the 589 

research team. The implementation study was registered as a service evaluation with 590 

Cambridge University Hospitals NHS Foundation Trust.  591 

 592 

Patients or the public were not involved in the design, or conduct, or reporting, or 593 

dissemination plans of our research. There are no plans to directly feedback the results to 594 

participants. 595 

 596 

 597 
QUANTIFICATION AND STATISTICAL ANALYSIS 598 
 599 

Clinical Validation Study 600 

 601 

We assumed a target sensitivity of 0.95 and disease prevalence of 15%. Using a 5% 602 

significance level and allowing for an error of 10% gave a required sample size of 122. 603 

Participants with missing SAMBA II SARS-CoV-2 or standard lab RT-PCR tests result were 604 

excluded from the analyses. Descriptive analyses of clinical and demographic data are 605 

presented as median and interquartile range (IQR) when continuous and as frequency and 606 

proportion (%) when categorical. The difference in continuous and categorical data were 607 

tested using Wilcoxon rank sum and Chi-square test respectively. Agreement between the 608 

two tests was assessed using Cohen's kappa, a correlation-like measure which accounts for 609 

agreement by chance alone, in which case κ = 0, while κ = 1 and κ = -1 correspond to perfect 610 

agreement and completely discordant pairs respectively. Sensitivity and specificity of 611 

SAMBA II SARS-CoV-2 test were presented with exact Clopper-Pearson 95% confidence 612 

intervals due to estimates being near 1. Kaplan Meier survival analysis was used to compare 613 

time to result for the two tests, with log rank testing. Analysis was done using R and STATA 614 

version 13.  615 

 616 



Clinical Implementation Study 617 

 618 

The main study outcomes in the implementation study were the indication for SAMBA II 619 

SARS-CoV-2 test and perceived impact. Secondary outcomes were time to definitive patient 620 

triage from the emergency department (ED), time spent on COVID-19 holding wards, bay 621 

closures avoided, proportions of patients in isolation rooms following test and proportions of 622 

patients able to be moved to COVID-19 negative open wards following test. 623 

 624 

Descriptive analyses of clinical and demographic data are presented as median (IQR) when 625 

continuous and frequency (%) when categorical. Difference in continuous variables between 626 

the pre and post implementation groups were assessed using the Wilcoxon rank sum tests and 627 

difference in categories and proportion were assessed using the Chi-square test or test of 628 

proportions. Kaplan Meier survival analysis was used to compare time to result and time to 629 

definitive bed placement from admission for the two tests, with log rank testing. Cox 630 

proportional hazards regression was used to estimate the hazard ratio (HR) of the associations 631 

between time to definitive bed placement and participant clinical and demographic factors. In 632 

the final multivariable model, mutually adjusted estimates of the HRs were determined by 633 

including those factors with evidence of an association in the univariable analysis and a p-634 

value of < 0.1. Although gender was not significantly associated with time to definitive bed 635 

placement in the univariable analysis, it was kept in the final model as it was an a priori 636 

specified confounder. Analysis was done using STATA version 13.  637 

 638 

ADDITIONAL RESOURCES  639 
 640 

COVIDx was registered with the ClinicalTrials.gov Identifier NCT04326387.  641 
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Highlights and eTOC Blurb 
 
ETOC  

Collier et al report testing and implementation of an accurate SARS-CoV-2 point of 

care nucleic acid amplification test that leads to faster time to definitive bed 

placement from the ER, release of isolation rooms, avoidance of bed closures, and 

expedited discharges to care homes and access to hospital 

investigations/procedures.  

 
 
Highlights 
 

• Point of care (POC) test highly sensitive and specific against RT-PCR  

• Time to result 2.6hrs for POC v 26.4hrs for standard lab RT-PCR. 

• SARS-CoV-2 POC test reduces median time-to-bed placement by 

approximately six hours 

• SARS-CoV-2 POC improves indices of hospital functioning and patient care 
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