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Abstract 27 

Background: Extensive testing for COVID-19 during the pandemic is an approach to contain dis- 28 

ease spreading. Rapid antigen tests are advantageous by providing quick results and seem managea- 29 

ble for self-performed testing and result interpretation. Thus, the aim of this randomized, controlled 30 

trial is to determine the reliability of self-performed sampling for rapid antigen tests compared to 31 

sampling performed by healthcare workers. Methods: This study is a non-blinded, two-arm, ran- 32 

domized, controlled trial. The participants are randomized to have specimens collected from the an- 33 

terior part of the nose and the oropharynx by either oneself or by a healthcare worker for rapid anti- 34 

gen test-ing. In addition, two samples from the same anatomical sites are collected by a healthcare 35 

worker and analyzed by RT-PCR. The sensitivity and specificity are calcu-lated and compared 36 

across the different test types, and anatomical sites. Results: In expectation, 2934 citizens are re- 37 

quired, with a 30% test positive rate, in or-der to detect a test difference of 10%. The sample size 38 

will be adjusted if the test positive rate changes. Implication: If self-performed rapid antigen tests 39 

turn out to be reliable for COVID-19 testing, this can be a future testing strategy saving time and 40 

expenses on personnel and protection equipment while enhancing disease containment. 41 
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1. Introduction 43 
 44 
Severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) and the resulting COVID‐19 pan- 45 
demic continue to be a worldwide health emergency [1]–[3] resulting in national lockdown [4]. The 46 
golden standard for correct de-tection of SARS‐CoV‐2 is by reverse transcriptase polymerase chain 47 
reaction (RT–PCR) of an upper respiratory specimen. However, this requires laboratory fa-cilities 48 
and the analysis is time-consuming and costly. Rapid antigen tests offer a simpler approach, and test 49 
results are available within minutes and can thus lead to a faster containment of infection in the so- 50 
ciety. So far, the specimens for the rapid antigen tests have primarily been collected as nasopharyn- 51 
geal swabs by trained personnel [5]. However, oropharyngeal sampling for rapid antigen tests is a 52 
possible alternative and may be preferred for detection of the Omicron variant [6], [7]. 53 
 54 
Self-performed testing improves testing access and enables testing outside the healthcare system. 55 
Furthermore, self-performed testing reduces the ex-penses for personal protective equipment, and 56 
lastly, self-performed testing has been reported to be the preferred sampling method by citizens [8]. 57 
Testing with self-collected swab material may however increase the risk of incorrect sampling as 58 
the procedure is unsupervised. For this reason, the sensitivity of self-testing compared to testing by 59 
professionals has been questioned [9]–[11] and results of the use of self-testing are varying [12], 60 
[13]. Studies on rapid antigen tests and self-collected swabs as a screening tool are sparse.  61 
The aim of the study is to compare the diagnostic accuracy between SARS-CoV-2 antigen tests 62 
used for self-performed testing to antigen tests per-formed by trained personnel. Furthermore, the 63 
diagnostic accuracy of the two sampling methods for antigen tests will be compared with a RT-PCR 64 
test on corresponding samples. In addition, we wish to compare the diagnostic accuracy of oropha- 65 
ryngeal-collected specimens versus nasal-collected specimens for both rapid antigen testing and 66 
RT-PCR analysis, respectively.  67 
 68 
In conclusion, we wish to test the SARS-CoV-2 rapid antigen tests with samples from either the an- 69 
terior part of the nose or the oropharynx including the palatine tonsils using the same test kits 70 
(Standard Q COVID-19 Ag - test, SD Biosensor INC.). The antigen tests will be performed with 71 
either self-sampling or samples taken by trained personnel. Furthermore, patients will have two 72 
healthcare-worker collected samples from the same anatomical location, the anterior part of the 73 
nose and the oropharynx, respectively, for RT-PCR analysis.  74 
 75 
Primary research question: In a cohort of individuals from a public test center, what is the diagnos- 76 
tic accuracy of self-collected nasal and throat swabs compared to healthcare worker-collected swabs 77 
in the diagnosis of SARS-CoV-2 with antigen tests? 78 
Secondary research question is whether the diagnostic accuracy will be improved by oropharyngeal 79 
sampling compared to sampling from the anterior part of the nose in the diagnosis of SARS-CoV-2 80 
using antigen tests and RT-PCR? 81 
  82 



 

 

2. Materials and Methods 83 
 84 
2.1. Study design: We conduct a randomized controlled trial following the CONSORT guidelines.  85 
 86 
2.2. Participants: Citizens showing up for a COVID-19 test at Test Center, in the Capital Region are 87 
offered to participate in the project on a volunteer basis. In Denmark, citizens are tested for infec- 88 
tion with SARS-CoV-2 by swabs of the oropharynx performed by trained personnel, and subse- 89 
quent analysis of the specimens by a RT-PCR test [7]. The result of the test is given within 24 90 
hours. The oropharyngeal sampling procedure is to swab the palatine tonsils and the posterior wall 91 
of the pharynx and subsequently examine it by RT-PCR for SARS-CoV-2 [14]. 92 
 93 
Inclusion criteria: 94 
 Age ≥ 16 years 95 
Exclusion criteria: 96 
 Non-fluent in Danish  97 
 Impaired citizen i.e. not capable of an independent self-testing 98 
 Nasopharyngeal or oropharyngeal anomalies that do not allow for sampling using swabs in- 99 
cluding neck breathers (tracheostomy/laryngectomy patients) 100 
 101 
2.3. Interventions: In addition to the scheduled oropharyngeal swab done by healthcare personnel, 102 
sampling from the anterior part of the nose is performed subsequently both intended for RT-PCR 103 
analysis using nylon-flocked oropharyngeal and nasopharyngeal swabs (Wuxi NEST Biotechnology 104 
Co., Jiangsu, China). Afterward, two rapid antigen tests (Standard Q COVID-19 Ag-test, produced 105 
by SD Biosensor INC.) will be performed, one from the anterior part of the nose and one from the 106 
oropharynx including the palatine tonsils. Participants are randomized in a 1:1 ratio to whether hav- 107 
ing specimens for the two rapid antigen tests either self-collected or sampled by trained personnel 108 
(Figure 1).  109 
 110 

 111 
  112 
Figure 1. Flowchart of study design.  113 



 

 

Abbreviations: RT-PCR: Reverse transcriptase polymerase chain reaction; HCW: Healthcare 114 
worker 115 
The swab of the anterior part of the nose is inserted approximately 3-4 cm or until resistance in both 116 
nostrils with the same swab according to the manufacturer’s instructions [13,14]. The oropharyn- 117 
geal sampling is performed by collecting specimen from the posterior wall of the oropharynx and 118 
both palatine tonsils using the swab from the rapid antigen test kit. This sample is analyzed like the 119 
rapid antigen test from the anterior part of the nose. Participants are instructed in the self-testing by 120 
means of written instructions and have the opportunity to see a tutorial video accessed by a QR- 121 
code.  122 
The participants are registered by the Region’s test staff in a secure web database (REDCap) on-site 123 
and are questioned regarding information on their symptoms and vaccination status. 124 
All samples intended for RT-PCR analysis are sent to the test facility at the Technical University of 125 
Denmark (DTU) or to the Department of Clinical Microbiology, Rigshospitalet for SARS-CoV-2 126 
RT-PCR testing targeting two segments of the Nucleoprotein gene. Analysis results from DTU are 127 
electronically transferred to Department of Clinical Microbiology at Rigshospitalet who has person- 128 
nel responsible for the interpretation and reporting of the result to the participant. 129 
 130 
2.4. Clinical outcome: The investigators will define a participant with an RT-PCR positive result as 131 
having a COVID-19 infection and this will be the diagnostic reference standard to calculate the ac- 132 
curacy for the self-collected rapid antigen test. The criteria for a positive RT-PCR test result will be 133 
a cycle threshold (Ct) value below 34 for at least one of the two gene-targets for SARS-CoV-2. The 134 
RNase P ribozyme will be used to assess the presence of human genetic material and considered in- 135 
conclusive if RNase P Ct > 23 for nasopharyngeal swab (NPS) specimen, and > 27.4 for oropharyn- 136 
geal swab (OPS) specimen. Participant having an inconclusive RT-PCR test will be excluded from 137 
the data analysis. 138 
 139 
2.5. Sample size: Based on previous studies the sensitivity of self-testing ranges from 10% to ap- 140 
proximately 20% [9]–[11], thus the investigators assume that the sampling performed by trained 141 
personnel has a 10% higher sensitivity than self-testing [9]. The prevalence of COVID-19 in Den- 142 
mark is currently approximately 30% [15]. With this prevalence we expect that inclusion of 2794 143 
participants will provide the study with an 80% power and a 5% significance level. We anticipate 144 
that 5% of participants will be lost to follow up (e.g. missing data) thus we require a minimum of 145 
2934 participants, corresponding to including 880 participants with a positive sample. However, if 146 
the prevalence varies this will change the required sample size to provide appropriate power for as- 147 
sessing the primary outcome of comparing self-sampling to healthcare collected samples (Table 1).  148 
 149 
Table 1: Sample size calculations depending on prevalence, with 80% power and 5% significance 150 
level.  151 

Prevalence 10 15 20 25 30 35 40 

Participants 10615 6705 4749 3576 2794 2235 1816 
 152 



 

 

 153 
Test-positive rates will therefore be monitored during the study period to ensure that our sample 154 
size calculation assumptions remain correct.  155 
 156 
2.6. Randomization sequence: The randomization list is generated by a computer program 157 
(https://www.sealedenvelope.com/simple-randomiser/v1/lists). Participants are randomized at en- 158 
rollment in block sizes of 40 participants. The table with randomization numbers is operated by and 159 
only available to specified personnel at the Department of Otorhinolaryngology, Head and Neck 160 
Surgery and Audiology, Rigshospitalet. 161 
 162 
2.7. Statistics:  163 
See the Statistical Analysis Plan (SAP) in Appendix 164 
 165 
2.8. Ethical considerations:  166 
 167 
The primary outcome will be reported as:  168 

Sensitivity and specificity of the self-performed nasal and oropharyngeal swabs for rapid anti- 169 
gen test compared to healthcare worker performed rapid antigen test  170 

 171 
Secondary outcome: 172 
 The sensitivity of the RT-PCR tests of nasal and throat specimens.  173 
  174 

SARS-CoV-2 RT-PCR cycle threshold (Ct) value of nasal and throat specimens 175 
  176 

The rapid antigen test sensitivity for participants with symptoms and low RT-PCR cycle 177 
threshold (Ct) values 178 

 179 
2.9. Ethical considerations: There are no known risks associated with participation in the project. 180 
The protocol complies with the Declaration of Helsinki II. The protocol was reported to the Re- 181 
gional Ethics Committee of the Capital Region of Denmark (P-2022-47) and was considered ex- 182 
empt from further processing (protocol no. H-21059629 and 21074917). 183 
 184 
2.10. Recruitment of participants and informed consent: All patients aged 16 years or older showing 185 
up for a COVID-19 test at RegionH´s test facility in Copenhagen Airport are offered to participate 186 
in the project. Upon arrival, the participants will receive oral and written information about the pro- 187 
ject, as well as written information about subjects' rights. The right to bring a counsel to the infor- 188 
mation interview will likewise be explained. The information interview is carried out by the staff 189 
from the Capital Region. The participants are informed that they can withdraw their consent at any 190 
time without the affection of further processes or potential treatment. Only citizens who volunteer 191 
to participate and sign the informed consent form will be enrolled. Participants will be offered no 192 
financial compensation for their participation.  193 



 

 

 194 
 195 
2.11. Side effects, risks, and disadvantages for patients: In total, sampling is performed four times 196 
from each patient; twice from the nose and twice from the oropharynx. Besides the potential dis- 197 
comfort associated with the sampling procedure itself, there will be a minor inconvenience for the 198 
patients in terms of the time spent on the examination [16].  199 
 200 
2.12. Clinical information from patient records: Age of the participants, the reason for testing for 201 
COVID-19, as well as the results from the PCR test and the rapid antigen test will be registered for 202 
all trial participants.  203 
 204 
2.13. Funding: This is an investigator-initiated clinical trial. No members of the research group be- 205 
hind the project have financial interests in the execution or results of the project. The test staff who 206 
are to carry out the swabs for RT-PCT testing are part of Test center Danmark's staff and are paid 207 
from here. A grant from the Novo Nordisk Foundation (Grant number: NNF21SA0069151) covered 208 
the salary for the research staff involved in the project. The rapid antigen tests and the expenses of 209 
the RT-PCR analyses are made available without payment by the distributor (Copenhagen Medical 210 
A/S, Copenhagen, Denmark), however they have no role in the study design, data interpretation or 211 
writing of the manuscript. 212 
 213 
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3. Perspectives 215 
 216 
If the sensitivity of the self-performed rapid antigen tests turns out to be reliable, this may lead to a 217 
more widespread use of the rapid antigen tests in detection of COVID-19 infection as well as other 218 
upper respiratory tract infec-tions. As the response time is significantly faster for rapid antigen tests 219 
than for PCR testing, it can potentially lead to a quicker containment of infection, and thus a better 220 
opportunity to bring COVID-19 infection under control. In addition, home-testing for COVID-19 221 
with rapid antigen tests can increase testing fre-quency and number of people being tested as well as 222 
save the time and expenses of health care personnel performing the sampling. 223 
As the COVID-19 pandemic develop to an epidemic, the self-performed rapid antigen tests could 224 
prove useful for quick implementation of citizen screening as well as testing for COVID-19 infec- 225 
tion prior to contact with the health care system. Also, rapid antigen tests could be useful for gen- 226 
eral prac-titioners to contain infection in a subpopulation rapidly.  227 
A secondary outcome of the study is to examine the usefulness of oro-pharyngeal sampling for 228 
rapid antigen tests. This, in order to find the most sensitive sampling method for future home-test- 229 
ing. 230 
  231 
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Statistical Analysis Plan 280 

 281 

Statistical Analysis Plan (SAP) 282 
 283 
Title: Diagnostic accuracy of SARS-CoV-2 rapid antigen tests with self-collected vs healthcare-col- 284 
lected nasal and throat swabs – a multicenter, randomized clinical trial. 285 
 286 
Senior statistician: Professor Annette Kjær Ersbøll, PhD 287 
Chief investigators: Associate Professor Tobias Todsen, MD, PhD and Kathrine Kronberg Jakobsen, 288 
MD 289 
 290 
This SAP follows the reporting recommendation from “Guidelines for the Content of Statistical 291 
Analysis Plans in Clinical Trials.” by Gamble C, Krishan A, Stocken D, Lewis S, Juszczak E, Doré 292 
C, et al. published in JAMA 2017;318:2337-43. 293 

 294 

Introduction 295 
 296 
1.1 Background and rationale 297 
Rapid antigen testing is critical to identify cases of coronavirus disease 2019 (COVID-19). It re- 298 
mains unclear whether a self- or healthcare worker (HCW) collected nasal, throat swab or a combi- 299 
nation is the most sensitive sampling method to detect severe acute respiratory syndrome corona- 300 
virus 2 (SARS-CoV-2). 301 
 302 
1.2 Objectives 303 

The main objective is to compare the diagnostic accuracy of rapid antigen testing for SARS-CoV-2 304 

using self- vs healthcare worker (HCW) collected nasal and throat swabs. 305 

Study Methods 306 
 307 
2.1 Trial design 308 
A randomized, controlled multicenter trial will be conducted with participants being randomized to 309 
either self or HCW nasal and throat swabbing for rapid antigen testing. Reverse transcriptase poly- 310 
merase chain reaction (RT–PCR) testing of HCW-collected nasal and throat swabs will be used as 311 
the reference standard to calculate the sensitivity and specificity of rapid antigen testing. A study 312 
participant will be considered positive if SARS-CoV-2 was detected in at least one upper respira- 313 
tory specimen by RT-PCR (gold standard). 314 



 

 

2.2 Randomization  315 
Enrolled participants were randomized in a 1:1 ratio either to self-collect, or to have HCW-collected 316 
nasal and throat specimens for RDT. Block randomization was performed prior to the enrollment 317 
using an online randomization program1 and the type of  intervention was disclosed in connection 318 
with trial registration in Redcap. 319 
Sample size 320 
We expect to find a 10% difference in the rate of SARS-CoV-2 detection for self vs HCW-collected 321 
swabs (13) and a prevalence of SARS-CoV-2 infection of 30%. With a beta of 0.8 and alpha of 0.05 322 
we plan to enroll a total of 2,794 participants. 323 
  324 
Framework  325 
Our hypothesis is that HCW swabbing is superior to self-collected nasal and throat swabs.  326 
 327 
2.5 Statistical interim analysis and stopping guidance 328 
All the statistical analyses will be conducted after the number of participants enrolled reaches 2,794 329 
participants and no statistical interim analysis will be conducted.  330 
 331 
2.6 Timing of final analysis 332 
All outcomes from the trial were analyzed at the same time after the study ended. 333 
 334 
Statistical principles 335 
 336 
3.1 Confidence intervals and P values 337 
The level of statistical significance will be p < 0.05 and 95% confidence interval will be reported.  338 
 339 
3.2 Adherence and Protocol deviations 340 
 341 
Definition of adherence to the intervention 342 
Adherence is defined as participants who has a full registration of identification number (CPR num- 343 
ber), test center site for collection of specimen and randomization to control or intervention group. 344 
Further, the participants need to have valid test results from all the nasal and throat RT-PCR and 345 
rapid antigen tests to be included in the final data analysis. Compliance is assessed based on the 346 
number and percentage of subjects who have correct registration information and valid test results.  347 
 348 
Description of adherence 349 
The adherence to the intervention will be summarized in the study flowchart. 350 
 351 
Definition of protocol deviations for the trial 352 
The participants will be excluded from final analysis if one or more of the following deviations 353 
from the testing protocol was found: 354 
 355 



 

 

Missing identification number (CPR number), no registered test center sites or no randomization 356 
(intervention or control) registered. 357 
 358 
Age below 17 359 
 360 
Participants included more than once only contribute with samples from the first test date 361 
 362 
Missing or invalid rapid antigen tests results 363 
 364 
Missing RT-PCR tests results 365 
 366 
Description of which protocol deviations will be summarized 367 
 368 
The number and type of protocol deviation will be registered, and the number of participants re- 369 
moved will be summarized in the CONSORT flow diagram.  370 
 371 
3.3 Analysis populations 372 
A complete case analysis strategy will be used to select the participants included in the final statisti- 373 
cal analysis.  374 
 375 
Trial Population 376 
 377 
4.1 Screening data 378 
We aim to invite individuals from Kastrup and Valby Covid-19 test centers to represent citizens 379 
from two urban areas in Copenhagen, Denmark to participate in the study.  380 
 381 
4.2 Eligibility 382 
All individuals being 18 years or older will be invited to participate in the trial. The same individual 383 
will only be allowed to participate in the study once. 384 
 385 
The exclusion criteria were individuals with a tracheostomy, laryngectomy, or prior oropharyngeal 386 
cancer surgery and individuals without a Danish civil registration number (CPR). 387 
 388 
4.3 Recruitment 389 
A CONSORT flow diagram will be used to summarize the number of included participants with in- 390 
formation about: 391 
Total number of Covid-19 tested individuals during the study period  392 
Number of participants lost to identify / registrar  393 
Number of participants excluded from final analyses due missing test results  394 
4.4 Withdrawal/Follow-up 395 



 

 

The level of withdrawal and the missing final RT-PCR and rapid antigen test results during the 396 
study will be tabulated.  397 
 398 
4.5 Baseline patient characteristics 399 
List of baseline characteristics for participants: 400 
 401 
Measure Outcome Description 
Demographic data  Age and gender Data from the Danish Civil 

Registration System 
Test center Kastrup or Valby Covid-19 

test center  
Registration of the test center 
where the participants were 
enrolled 

Questionnaire Test reason, symptom de-
scription and length, vac-
cination status  

Questionnaire registered in 
RedCap 

 402 
Categorical data will be summarized with number and percentage while continuous data will be 403 
summarized by mean and standard deviation or median and interquartile range (Q1, Q3). We will 404 
not perform tests of statistical significance for baseline characteristics.  405 

 406 

Analysis 407 
 408 
5.1 Outcome definitions 409 
The primary outcome: 410 
The sensitivity and specificity of rapid antigen tests of self- and HCW-collected nasal and throat 411 
specimens. 412 
 413 
The secondary outcome: 414 
The sensitivity of the RT-PCR tests of nasal and throat specimens.  415 
SARS-CoV-2 RT-PCR cycle threshold (Ct) value of nasal and throat specimens. 416 
 417 
5.2 Analysis methods 418 
Analysis method and treatment effects 419 
Differences in the proportion of SARS-CoV-2 positive rapid antigen test (among participations with 420 
a positive RT-PCR test) between the collection methods (self- vs HCW-collected) will be compared 421 
using binary logistic regression including test center as a fixed effect stratified by specimen. Differ- 422 
ences in the proportion of SARS-CoV-2 positive rapid antigen test between the specimen types will 423 
be compared using binary logistic regression and a generalized estimating equation to adjust for 424 
clustering of observations within participant (nasal and throat swabs). Test center will be included 425 
as a fixed effect. The Ct values from positive RT–PCR samples will be compared using a general 426 



 

 

linear mixed model with a random effect of participant. Ct values will be logarithmic transformed to 427 
account for a skewed distribution if necessary. 428 
The 95% confidence intervals (CI) will be presented. The level of statistical significance will be de- 429 
fined as p < 0.05. 430 
 431 
Adjustment for covariates 432 
The regression analyses will be adjusted for the effect of the test centers.  433 
 434 
Methods used for assumptions to be checked for statistical methods 435 
Assumptions for the logistic regression analysis included a binary outcome, independent observa- 436 
tions, and linearity in logit for continuous variables. To account for lack of independent observa- 437 
tions, a generalized estimating equation approach and mixed models will be applied. No continuous 438 
variables will be included. 439 
 440 
Assumptions for the linear regression analysis included a normal distribution, independent observa- 441 
tions, equal variation (homoscedasticity) and linearity for continuous variables. Normally distrib- 442 
uted outcomes and homoscedasticity will be evaluated visually by plots of the residuals. To account 443 
for lack of independent observations, a generalized estimating equation approach and mixed effect 444 
models will be applied. No continuous variables will be included. 445 
 446 
 447 
Details of alternative methods to be used if distributional assumptions do not hold, e.g., nor- 448 
mality, proportional hazards, etc. 449 
If the assumption of a normal distribution of the outcome in the linear regression model is not ful- 450 
filled, a transformation of the outcome will be applied (e.g., logarithmic or rank transformations). 451 
 452 
Planned sensitivity analyses for each outcome 453 
We planned to do sensitivity analyses using two N-gene segments (with cycle threshold (Ct) < 30) 454 
to define the true positive SARS-CoV-2 infections in our study. This was done to explore the conse- 455 
quences of using a higher test specificity on the overall diagnostic results compared to the per proto- 456 
col definition of positive for SARS-CoV-2 infection using cycle threshold (Ct) < 34 for at least 457 
one N-gene segment. Further, we also planned to test the robustness of our findings by per- 458 
forming the statistical analysis with definition of the inconclusive rapid antigen tests as negative 459 
to explore a potential bias from the distribution of the inconclusive result. Further we did also per- 460 
form a Bayesian latent class analysis for accounting for an imperfect reference standard and esti- 461 
mate the sensitivity and specificity for RT-PCR of nasal and throat specimens. 462 
 463 
Planned subgroup analyses 464 
Further, we planned to do subgroup analyses exploring the distribution of positive test results for 465 
participants stratified by symptoms and molecular laboratory performing the RT-PCR tests.  466 
 467 



 

 

5.3 Missing data 468 
Participants who will not adhere to the intervention definition (see SAP) will be reported as missing 469 
data and excluded from final analysis. Participants with missing data for the baseline characteristics 470 
from the questionnaire will be included in the statistical analysis of primary outcome and secondary 471 
outcomes. A table with baseline characteristics will be presented as raw data.  472 
 473 
5.4 Additional analyses 474 
Not applicable. 475 
 476 
5.5 Harms 477 
Any adverse events during or after the collection of respiratory specimens for the trial will be noted 478 
and categorized into acute bleeding or foreign body in upper airway.  479 
 480 
5.6 Statistical software 481 
SAS statistical software suite ver. 9.4 (SAS Institute, North Carolina, U.S.) and R. 482 


