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Abstract

Background: Testing for SARS-CoV-2 is essential to provide early COVID-19 treatment for people at high risk of severe
illness and to limit the spread of infection in society. Proper upper respiratory specimen collection is the most critical step in the
diagnosis of the SARS-CoV-2 virus in public settings, and throat swabs were the preferred specimens used for mass testing in
many countries during the COVID-19 pandemic. However, there is still a discussion about whether throat swabs have a high
enough sensitivity for SARS-CoV-2 diagnostic testing, as previous studies have reported alarge variability in the sensitivity from
52% to 100%. Many previous studies exploring the diagnostic accuracy of throat swabs|ack adetailed description of the sampling
technique, which makes it difficult to compare the different diagnostic accuracy results. Some studies perform a throat swab by
only collecting specimens from the posterior oropharyngeal wall, while others also include a swab of the palatine tonsils for
SARS-CoV-2 testing. However, studies suggest that the palatine tonsils could have a tissue tropism for SARS-CoV-2 that may
improvethe SARS-CoV-2 detection during sampling. Thismay explain the variation of sensitivity reported, but no clinical studies
have yet explored the differencesin sensitivity and patient discomfort whether the palatine tonsils are included during the throat
swab or not.

Objective: The objective of this study isto examine the sensitivity and patient discomfort of athroat swab including the palatine
tonsils compared to only swabbing the posterior oropharyngeal wall in molecular testing for SARS-CoV-2.

Methods: We will conduct arandomized controlled study to compare the molecular detection rate of SARS-CoV-2 by athroat

swab performed from the posterior oropharyngeal wall and the palatinetonsils (intervention group) or the posterior oropharyngeal
wall only (control group). Participants will be randomized in a 1:1 ratio. All participants fill out a baseline questionnaire upon
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enrollment in thetrial, examining their reason for being tested, symptoms, and previoustonsillectomy. A follow-up questionnaire
will be sent to participants to explore the devel opment of symptoms after testing.

Results: A total of 2315 participants were enrolled in this study between November 10, 2022, and December 22, 2022. The
results from the follow-up questionnaire are expected to be completed at the beginning of 2024.

Conclusions: Thisrandomized clinical trial will provide us with information about whether throat swabs including specimens
from the pal atine tonsilswill improve the diagnostic sensitivity for SARS-CoV-2 molecular detection. Theseresults can, therefore,
be used to improve future testing recommendations and provide additional information about tissue tropism for SARS-CoV-2.

Trial Registration: ClinicalTrials.gov NCT05611203; https://clinicaltrials.gov/study/NCT05611203
International Registered Report Identifier (IRRID): DERR1-10.2196/47446

(JMIR Res Protoc 2024;13:e47446) doi: 10.2196/47446
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Introduction

Background and Rationale

Testing for SARS-CoV-2 has been essentia in limiting the
spread of infection in society during the COVID-19 pandemic,
where billions of tests have been performed worldwide [1].
Further, sensitive tests for SARS-CoV-2 are also important to
provide early COVID-19 treatment for people at high risk of
severe illness. Proper upper respiratory specimen collection is
the most critical step in diagnosing COVID-19, and standard
sample guidelines are recommended [2]. A throat swab, alone
or combined with a nasal swab, is a frequently used sample
method in many countries[3-5]. However, thereis considerable
variability in the reported diagnostic accuracy of throat swabs,
with a95% CI from 52% to 100% reported in systematic reviews
[6,7]. Several studies have found that throat swabs have
significantly lower sensitivity than other respiratory specimens
[8,9] and the Infectious Diseases Society of America, therefore,
does not recommend throat swabs for SARS-CoV-2 testing
[10]. In contrast, an experimental study with volunteers
inoculated with SARS-CoV-2 intranasally to assess virus
kinetics found that SARS-CoV-2 molecular testing of throat
swabswas positive before nasal swabs during the asymptomatic
infectious stage [11]. Many of the previous studies performing
throat swabs also lack a detailed description of the sampling
technique, which makes it difficult to compare the different
diagnostic accuracy results. Some studies perform athroat swab
by only collecting specimens from the posterior oropharyngeal
wall [12,13], while others also include a swab of the paatine
tonsilsfor SARS-CoV-2 testing [ 14,15]. However, recent studies
suggest that throat swabs, including the palatine tonsils, have
a higher sensitivity for SARS-CoV-2 detection than nasal and
nasopharyngeal swabs in asymptomatic and early infectious
stages[16,17]. SARS-CoV-2 primarily uses the tissue-specific
proteases TMPRSS2, TMPRS$4, and TMPRSS11D ascellular
entry factors via angiotensin-converting enzyme 2 channels,
which are richly expressed in the tonsil crypts [18,19]. This
may explain why SARS-CoV-2 can be detected in throat swabs
before nasal swabs, underlining timing as a crucia factor for
test results [20]. Many factors may contribute to the variation
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of sensitivity reported, but no clinical studies have explored the
clinical role of the palatine tonsils in diagnostic testing for
SARS-CoV-2 in community settings. We will, therefore,
conduct a randomized clinical trial to compare the diagnostic
sensitivity of athroat swab with or without the pal atine tonsils.

Research Question

Thequestion of thisresearchis, inacohort of individualstested
for COVID-19 at a public test center, what is the sensitivity of
athroat swab including the palatine tonsils compared to only
swabbing the posterior oropharyngeal wall in molecular
detection of SARS-CoV-2?

Methods

Overview

We will conduct a randomized controlled trial to compare the
molecular detection rate of SARS-CoV-2 by a throat swab
performed from the posterior oropharyngeal wall and the
palatine tonsils (intervention group) or the posterior
oropharyngeal wall only (control group).

Study Setting

Participants will be enrolled in a free public COVID-19 test
center in Valby and Hillergd, Capital Region, Denmark starting
from November 10, 2022, until December 22, 2023. All samples
will be sent for molecular testing at Statens Serum Institut and
data analysis will be performed at Rigshospital et.

Only specially trained hedlth care workers (HCWSs) at Valby
and Hillered test center will collect specimens from the
participants enrolled in the study. Before enrollment, all HWCs
will receive training and a competency-based assessment of
their skills[21] (see Multimedia Appendix 1 for details).

Follow-up data will be collected from study enrollment until 3
months post enroliment by an electronic questionnaire sent via
REDCap (Vanderbilt University).
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Eligibility Criteria

Individual swith or without symptoms of upper respiratory tract
infection, aged 18 years or older, who visit Vaby or Hillerad
test center for reverse transcriptase—polymerase chain reaction
(RT-PCR) testing for SARS-CoV-2 will be offered participation
in the study.

The exclusion criteria are individuals with a tracheostomy,
laryngectomy, or prior oropharyngeal cancer surgery that would
make the throat swab difficult. Further, individuas without a
Danish civil registration number will be excluded from
participating. Individualswho are not included in the study will
have the standard oropharyngeal swab performed in the test
center.

Hartvigsen et a

An individual will only be allowed to participate in the study
once. If a participant is enrolled in the study more than once,
only the first enrollment (or the first positive test case) will be
included. The following test results will be excluded from the
statistical analysis by the statistician who will remove any
duplicates of the civil registration numbers.

Randomization to Intervention and Control Group

After enrollment, the participants will be randomized ina 1:1
ratio either having the throat swab performed including the
posterior oropharyngeal wall and both palatine tonsils
(intervention group) or only including the posterior
oropharyngeal wall and avoiding the palatine tonsils (control
group; see Figure 1).

Figure 1. (A) Anatomic visualization of the posterior oropharyngeal wall (green) and palatine tonsils (pink). (B) Throat swab including the posterior
oropharyngeal wall and palatine tonsils. (C) Throat swab including the posterior oropharyngeal wall but avoiding the palatine tonsils. %: no swabbing

was performed from the palatine tonsils.

A block randomization list was generated by author TT using
the online randomization software Sealed Envelope [22] and
afterward uploaded to REDCap. The randomization group will
be disclosed in connection with tria registration in REDCap
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using the REDCap “randomize” function. Thethroat swab will
afterward be performed by the trained HWCs with or without
swabhbing of the palatine tonsils depending on the randomization
to either the intervention or control group, see Figure 2.
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Figure 2. Study flowchart of the randomized controlled trial study design including volunteer participants from 2 public SARS-CoV-2 test centersin
Copenhagen Municipality between November 2022 and March 2023. NRS: numerical rating scale; RT-PCR: reverse transcriptase-polymerase chain

reaction.
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The swabs will be placed in separate dry tubes and sent to the
Statens Serum Institute, Copenhagen, Denmark, for detection
of SARS-CoV-2 by single-target RT-PCR. Samples with viral
cycle threshold (Ct) values below 38 are considered positive,
38-40 inconclusive, and above 40 negative [23].

All participants are required to fill out abaseline survey on site
about their reason for being tested, prior COVID-19 infections,
vaccination status, symptoms, and if any prior tonsillectomy
has been performed (Multimedia Appendix 1).

All HCWs participating in the data collection have been given
a unique ID that will be registered for each throat swab
performed in the study. Further, the HCW will also be asked to
rate the Mallampati score of the participants included in the
study (Multimedia Appendix 1). All data will be documented
on site in a secure web database (REDCap; Multimedia
Appendix 1).

Outcomes

The primary outcome will be reported as SARS-CoV-2 RNA
by RT-PCR test result (positive, negative, and inconclusive).
The secondary outcome will be reported as (1) SARS-CoV-2
RT-PCR Ct value, (2) test discomfort on an 11-point numerical
rating scale (NRS), (3) development of COVID-19 disease after
testing, (4) SARS-CoV-2 detection rate for each HCW, and (5)
Mallampati score of participants being tested.

Sample Size

Based on a SARS-CoV-2 test positive proportion of 13% inthe
Danish capital region in the last week of October 2022, we
expected the proportion of positive tests to increase to about
20% during the following study period [24]. The power
calculation was based on an expected improvement in diagnostic
accuracy of 25% by including the palatine tonsils in the throat
swab compared to a sample without the tonsils. Using the
ClinCalc [25] sample size calculator, we, therefore, estimated
that a sample of 2188 participants would provide the trial with
80% power at a 5% significance level with an expected
test-positive proportion of 20% equal to 438 individuals positive
for SARS-CoV-2 among the participants tested. As we expect
about 219 (10%) participants missing dueto dropout and missing
data, we aim to include 2407 participants in the study. All
individuals entering the testing facility who meet the eligibility
criteria are offered to participate in the study. We expect about
300-700 tests performed at both COVID-19 test centers each
day and an assumed participation of 10%-30%. We, therefore,
expect to complete the enrollment within 3 months.
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Statistical Analysis

A study participant is considered to have a SARS-CoV-2
infection if the throat swab is RT-PCR positive (reference
standard). Participants with an inconclusive RT-PCR test result
will be included in the analyses as a negative test result
following an intention-to-diagnose approach [26]. Differences
in the proportion of SARS-CoV-2—positive tests between the
intervention and the control group will be compared using binary
logistic regression using the test center as a fixed effect and a
generalized estimating equation to adjust for clustering of data
within the HCWs performing the sample (see the statistical
analysis plan in Multimedia Appendix 1 for further details).
The difference in SARS-CoV-2 detection rate between HCWs
will aso be reported separately to estimate the potential
difference in sampling efficacy. The Ct values from positive
RT-PCR samples and the NRS discomfort scores will be
compared using ageneral linear model with mixed effects (Ct)
and generalized estimating eguation (GEE) models (NRS
discomfort). The 95% CI will be presented. Categorical data
will be summarized with numbers and percentages, while
continuous data will be summarized by mean and SD. We will
not perform tests of statistical significance for baseline
characteristics. A significance level of 5% was applied.
Statistical analysis software (version 9.4; SAS Institute) will be
used for the statistical analyses.

Planned Subgroup Analyses

We planned to do a sensitivity analysisusing alower Ct<30 for
positive SARS-CoV-2 definition to explore the consequences
of a higher test specificity for the SARS-CoV-2 detection rate
between specimen types. Further, we plan to do subgroup
analyses exploring the distribution of positive test results for
participants stratified by symptoms, age, sex, tonsillectomy,
chronic diseases or conditions, smokers, previous COVID-19
infection, vaccination status, prior tonsillectomy, and Mal lampati
score. To explore a potential bias from the distribution of the
inconclusive test results, we excluded the inconclusive results
in the subgroup analyses.

Quality Assurance

All the HCWSs, who will be including participantsin this study,
will be trained and have at least 3 months prior experience
performing throat swabs. Further, they will complete a special
standardized training and certification program taught by a
board-certified otorhinolaryngologist to ensure al HCWs
perform the same technique on the participants in the
intervention and control group [21]. A 2-hour long training
session will cover the theoretical and practical part of throat
swab sample techniques and the study design with the elements
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(1) awalk-through of the practical study setup, how participants
are enrolled, and how diagnostic interventions are performed;
(2) theory on throat swabbing including upper airway anatomy,
anatomical variations, and Mallampati score; and (3) practical
exercisesin throat swab technique with and without tonsils.

Checklists outlining the 2 different sampling techniques for
throat swabs with and without palatine tonsils, respectively,
will be used to assess the swab performance of al the HCWs
by a board-certified otolaryngologist or specially trained nurse
before study enrollment (see Multimedia Appendix 1). An
on-site health care professional (NTG) will be in charge of
internal daily quality assurance.

Thetest center in Denmark’s PCR laboratory at Statens Serum
Ingtitut, which performs the PCR analyses for this study, is
ISO/IEC 17025 accredited.

Follow-Up

The participants enrolled in the study will receive an online
guestionnaire 3 months after enrollment to follow up on the
number and length of symptoms after they were tested (see
Multimedia Appendix 1).

Ethical Considerations

Thistrial wasreported to the Regional Ethics Committee of the
Capital Region of Denmark which considered it exempted from
further processing (H-22022937). All participantsreceived oral
and written information (Multimedia Appendix 1) beforesigning
a consent form (Multimedia Appendix 1) upon enrollment in
thetrial, and no financial compensation was madeto participants
in the study. All data have been collected, anonymized,
analyzed, and stored in accordance with Danish General Data
Protection Regulation legidlation. Thistrial is approved by the
data responsible institute in the Capital Region of Denmark
(P-2022-803). The protocol was registered with the
ClinicalTrials.gov database (NCT05611203). No generative
artificial intelligence was used in any portion of the paper
writing. Participation is voluntary and participants are required
to provide oral and written consent to participate before entering
the study (Multimedia Appendix 1).

Results

A total of 2315 participants were enrolled in the study between
November 10, 2022, and December 22, 2022. By March 22,
2023, follow-up data collection was completed. The research
groupiscurrently finalizing the statistical analysesand preparing
the paper for publication aiming to publish primo 2024.

Discussion

Principal Findings

Thisrandomized clinical trial will provide uswith information
about whether throat swabs including specimens from the
palatine tonsils will improve the diagnostic sensitivity for
SARS-CoV-2 molecular detection. Theseresults can, therefore,
be used to improve future testing recommendations, as well as
it will provide additional information about the tissue tropism
for SARS-CoV-2.
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Study Design

The scope of our study is to compare the diagnostic accuracy
of 2 different techniques for throat swabs—with or without
swabhbing the palatine tonsils. We, therefore, aimed to conduct
the study in a way that SARS-CoV-2 testing is currently
performedin clinical practicewith aslittle as possible of change.
The HCW performing the throat swab was, therefore, instructed
to do asusual and only focus on performing the swab including
the posterior oropharyngeal wall and both palatine tonsils
(intervention group) or only including the posterior
oropharyngeal wall (control group), depending on randomization
(see Figure 1). This setup has severa strengths. First, the
participant only needs 1 swab which is expected to make
enrollment easier. Second, the HCW performing the test hasto
make only minimal changesto their usual routine. Thisensures
ahigh degree of familiarity with the test setting minimizing the
risk of human error and optimizing time consumption. Finally,
all samplesinthe study are handled the same way asany normal
sample which ensures that our test analyses are comparable to
those not participating in the study.

However, another study design where each participant was
swabbed twice from thetonsil and posterior oropharyngeal wall,
respectively, could have provided a more direct comparison of
the presence of SARS-CoV-2 detection from each anatomical
location. However, such a design would also have several
drawbacks. First, recruiting participants would likely prove
more difficult as throat swabs are associated with discomfort
and more people would volunteer to participate if only asingle
swab was performed. Next, this setup would require
considerably moretime per participant, which would bedifficult
to prioritize in a busy test center. Finaly, it would also double
the cost of swabs and molecular tests, increasing the overall
cost of the study substantially.

However, another study design where each participant was
swabbed twice from thetonsil and posterior oropharyngeal wall,
respectively, could have provided a more direct comparison of
the presence of SARS-CoV-2 detection from each anatomical
location. Furthermore, this way of testing is not comparable to
the way tests are performed in the test centers, and results,
therefore, would not bedirectly transferrableto clinical practice.

Study Setting

We chose to enroll participants from public COVID-19 test
centers, asit gave usthe opportunity to enroll a high volume of
participants in a standardized test setting with HCWs specially
trained for the research project. By recruiting 2 test centers
geographically separated from one another and with different
staff teams, we ensure abroader spectrum of HCWs performing
the tests, improving the generalizability of our study results.

Limitations

As we will enroll participants from public COVID-19 test
centers during amass-testing strategy, many of our participants
will be tested for screening and not diagnostic purposes.
Therefore, our study population will not be the same as the
typical patientsrequiring a SARS-CoV-2 for diagnostic reasons
in afuture postpandemic period. However, in our study, wewill
both include participants being tested for diagnostic and
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screening reasons and we will, therefore, also have a unique
insight into the virus detection during the asymptotic infectious
phase.

Conclusions

In conclusion, this study will be the first study to explore the
role of collecting apalatine tonsil specimen in throat swabbing

Hartvigsen et d

for SARS-CoV-2 molecular testing. As SARS-CoV-2 continues
to infect people around the globe it seems relevant to have a
deeper understanding of how to improvetesting for this disease.
Furthermore, the generalizability of performing a throat swab
to test for upper respiratory virus may mean that the results of
this study can be applied in test settings regarding other upper
respiratory viruses.

Acknowledgments

A grant wasreceived from the Novo Nordisk Foundation (NNF21SA 0069151) without influence on study design, data collection,
data analysis, writing of the report, and the decision to submit the results for publication.

Data Availability

The data generated during this study are not publicly available but are available from the corresponding author upon reasonable
request.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Training and competency-based assessment of the skills of health care workers.
[DOCX File, 462 KB-Multimedia Appendix 1]

References

1.

2.

10.

11.

12.

https://www.researchprotocol s.org/2024/1/e47446

Mathieu E, RitchieH, Rodés-Guirao L, Appel C, Giattino C, Hasell J, et a. Coronavirus pandemic (COVID-19). Our World
in Data. 2020. URL : https://ourworldindata.org/coronavirustcitation [accessed 2024-04-18]

Interim guidelines for collecting and handling of clinical specimens for COVID-19 testing. Centers for Disease Control
and Prevention. 2022. URL : https://www.cdc.gov/coronavirus/2019-ncov/lalb/guidelines-clinical -specimens.html [accessed
2023-03-18]

He X, Lau EHY, Wu P, Deng X, Wang J, Hao X, et a. Temporal dynamicsin viral shedding and transmissihility of
COVID-19. Nat Med. 2020;26(5):672-675. [FREE Full text] [doi: 10.1038/s41591-020-0869-5] [Medline: 32296168]
Therchilsen JH, von Buchwald C, Koch A, Nielsen SD, Rasmussen DB, Thudium RF, et al. Self-collected versus healthcare
worker-collected swabs in the diagnosis of severe acute respiratory syndrome coronavirus 2. Diagnostics (Basel).
2020;10(9):678. [FREE Full text] [doi: 10.3390/diagnostics10090678] [Medline: 32916801]

Todsen T, Kirkby N, Lippert F, Benfield T, von Buchwald C. Methods for collecting upper respiratory tract specimens for
COVID-19 diagnostics. Ugeskr Laeger. 2021;183(33):V03210265. [FREE Full text] [Medline: 34477099]

Tsang NNY, So HC, Ip DKM. Is oropharyngeal sampling areliable test to detect SARS-CoV-2?—Authors reply. Lancet
Infect Dis. 2021;21(10):1348-1349. [EREE Full text] [doi: 10.1016/S1473-3099(21)00402-3] [Medline: 34363770]

Lee RA, Herigon JC, Benedetti A, Pollock NR, Denkinger CM. Performance of saliva, oropharyngeal swabs, and nasal
swabsfor SARS-CoV-2 molecular detection: asystematic review and meta-analysis. JClin Microbiol. 2021;59(5):e02881-20.
[EREE Full text] [doi: 10.1128/JCM.02881-20] [Medline: 33504593]

Tsang NNY, So HC, Ng KY, Cowling BJ, Leung GM, Ip DKM. Diagnostic performance of different sampling approaches
for SARS-CoV-2 RT-PCR testing: asystematic review and meta-analysis. Lancet Infect Dis. 2021;21(9):1233-1245. [FREE
Full text] [doi: 10.1016/S1473-3099(21)00146-8] [Medline: 33857405]

Khiabani K, Amirzade-Iranaq MH. Are saliva and deep throat sputum as reliable as common respiratory specimens for
SARS-CoV-2 detection? A systematic review and meta-analysis. Am JInfect Control. 2021;49(9):1165-1176. [ FREE Full
text] [doi: 10.1016/j.8jic.2021.03.008] [Medline: 33774101]

Hanson KE, Caliendo AM, Arias CA, Hayden MK, Englund JA, Lee MJ, et al. The Infectious Diseases Society of America
guidelines on the diagnosis of COVID-19: molecular diagnostic testing. Clin Infect Dis. 2021:ciab048. [FREE Full text]
[doi: 10.1093/cid/ciab048] [Medline: 33480973]

Killingley B, Mann AJ, KalinovaM, Boyers A, Goonawardane N, Zhou J, et al. Safety, tolerability and viral kineticsduring
SARS-CoV-2 human challenge in young adults. Nat Med. 2022;28(5):1031-1041. [FREE Full text] [doi:
10.1038/s41591-022-01780-9] [Medline: 35361992]

Fazio E, Abousiam M, Caselli A, AccoronaR, Nebiagj A, Ermoali I, et al. Proper procedures for performing nasopharyngeal
and oropharyngeal swabsfor COVID-19. ATS Sch. 2020;1(4):495-497. [EREE Full text] [doi:
10.34197/ats-scholar.2020-0109V O] [Medline: 33870315]

JMIR Res Protoc 2024 | vol. 13 | e47446 | p. 6
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v13i1e47446_app1.docx&filename=068f4c7e3a9dc2111995e176ce36cc92.docx
https://jmir.org/api/download?alt_name=resprot_v13i1e47446_app1.docx&filename=068f4c7e3a9dc2111995e176ce36cc92.docx
https://ourworldindata.org/coronavirus#citation
https://www.cdc.gov/coronavirus/2019-ncov/lab/guidelines-clinical-specimens.html
https://www.nature.com/articles/s41591-020-0869-5
http://dx.doi.org/10.1038/s41591-020-0869-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32296168&dopt=Abstract
https://www.mdpi.com/resolver?pii=diagnostics10090678
http://dx.doi.org/10.3390/diagnostics10090678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32916801&dopt=Abstract
https://ugeskriftet.dk/videnskab/V03210265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34477099&dopt=Abstract
https://europepmc.org/abstract/MED/34363770
http://dx.doi.org/10.1016/S1473-3099(21)00402-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34363770&dopt=Abstract
https://journals.asm.org/doi/abs/10.1128/JCM.02881-20?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1128/JCM.02881-20
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33504593&dopt=Abstract
https://europepmc.org/abstract/MED/33857405
https://europepmc.org/abstract/MED/33857405
http://dx.doi.org/10.1016/S1473-3099(21)00146-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33857405&dopt=Abstract
https://europepmc.org/abstract/MED/33774101
https://europepmc.org/abstract/MED/33774101
http://dx.doi.org/10.1016/j.ajic.2021.03.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33774101&dopt=Abstract
https://europepmc.org/abstract/MED/33480973
http://dx.doi.org/10.1093/cid/ciab048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33480973&dopt=Abstract
https://www.nature.com/articles/s41591-022-01780-9
http://dx.doi.org/10.1038/s41591-022-01780-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35361992&dopt=Abstract
https://europepmc.org/abstract/MED/33870315
http://dx.doi.org/10.34197/ats-scholar.2020-0109VO
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33870315&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Hartvigsen et &

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.
26.

Caame A, Mazzal, Renzoni A, Kaiser L, Schibler M. Sensitivity of nasopharyngeal, oropharyngeal, and nasal wash
specimens for SARS-CoV-2 detection in the setting of sampling device shortage. Eur J Clin Microbiol Infect Dis.
2021;40(2):441-445. [FREE Full text] [doi: 10.1007/s10096-020-04039-8] [Medline: 32939576]

Larsen KD, Jensen MM, Homge AS, Arndal E, Samuelsen GB, Koch A, et al. Head-to-head comparison of nasopharyngeal,
oropharyngeal and nasal swabsfor SARS-CoV-2 molecular testing. Diagnostics (Basel). 2023;13(2):283. [FREE Full text]
[doi: 10.3390/diagnostics13020283] [Medline: 36673094]

Wehrhahn MC, Robson J, Brown S, Bursle E, Byrne S, New D, et al. Self-collection: an appropriate alternative during the
SARS-CoV-2 pandemic. J Clin Virol. 2020;128:104417. [FREE Full text] [doi: 10.1016/j.jcv.2020.104417] [Medline:
32403007]

Todsen T, Jakobsen KK, Grgnlund MP, Callesen RE, Folke F, Larsen H, et al. COVID-19 rapid antigen tests with
self-collected vs health care worker-collected nasal and throat swab specimens: arandomized clinical trial. JAMA Netw
Open. 2023;6(12):€2344295. [FREE Full text] [doi: 10.1001/jamanetworkopen.2023.44295] [Medline: 38055280]
Todsen T, Tolsgaard MG, Benfield T, Folke F, Jakobsen KK, Gredal NT, et a. Higher SARS-CoV-2 detection of
oropharyngeal compared with nasopharyngeal or saliva specimen for molecular testing: amulticentre randomised comparative
accuracy study. Thorax. 2023;78(10):1028-1034. [FREE Full text] [doi: 10.1136/thorax-2022-219599] [Medline: 37208187]
Huang N, Pérez P, Kato T, Mikami Y, Okuda K, Gilmore RC, et a. SARS-CoV-2 infection of the oral cavity and saliva.
Nat Med. 2021;27(5):892-903. [FREE Full text] [doi: 10.1038/s41591-021-01296-8] [Medline: 33767405]

Drozdzik A, Drozdzik M. Oral pathology in COVID-19 and SARS-CoV-2 infection-molecul ar aspects. Int JMol Sci.
2022;23(3):1431. [FREE Full text] [doi: 10.3390/ijms23031431] [Medline: 35163355]

Winnett AV, Akana R, Shelby N, Davich H, Caldera S, Yamada T, et al. Extreme differencesin SARS-CoV-2 viral loads
among respiratory specimen types during presumed pre-infectious and infectious periods. PNAS Nexus. 2023;2(3):pgad033.
[EREE Full text] [doi: 10.1093/pnasnexus/pgad033] [Medline: 36926220]

Todsen T, Bohr A, Hovgaard LH, Eid RC, Benfield T, Svendsen MBS, et a. Valid and reliable assessment of upper
respiratory tract specimen collection skills during the COVID-19 pandemic. Diagnostics (Basal). 2021;11(11):1987. [FREE
Full text] [doi: 10.3390/diagnostics11111987] [Medline: 34829333]

Randomisation and online databases for clinical trails. sealed envel ope. 2024. URL : https:.//seal edenvel ope.com/ [accessed
2024-05-09]

Lyngse FP, Mglbak K, Franck KT, Nielsen C, Skov RL, Voldstedlund M, et al. Association between SARS-CoV-2
transmissibility, viral load, and age in households. medRxiv. Preprint posted online on June 04 2021. [FREE Full text] [doi:
10.1101/2021.02.28.21252608]

Historiske COVID-19-opggrel ser. Statens Serum Institut. 2022. URL: https.//covid19.ssi.dk/overvagningsdata/

downl oad-fil-med-overvaagningdata [accessed 2024-04-18]

Sample size calculator. ClinCalc.com. URL: https://clincal c.com/stats/samplesize.aspx [accessed 2024-05-09]

Schuetz GM, Schlattmann P, Dewey M. Use of 3x2 tables with an intention to diagnose approach to assess clinical
performance of diagnostic tests: meta-analytical evaluation of coronary CT angiography studies. BMJ. 2012;345:e6717.
[FREE Full text] [doi: 10.1136/bmj.e6717] [Medline: 23097549]

Abbreviations

Ct: cyclethreshold

GEE: generalized estimating equation

HCW: health care worker

NRS: numerical rating scale

RT-PCR: reverse transcriptase—polymerase chain reaction

Edited by A Mavragani; submitted 21.03.23; peer-reviewed by R Boyapati, RP Shaik, T Kjaargaard, A Kindo, M Lopez-Perez, comments
to author 02.01.24; revised version received 22.01.24; accepted 23.01.24; published 12.06.24

Please cite as.

Hartvigsen B, Jakobsen KK, Benfield T, Gredal NT, Ersball AK, Grenlund MW, Bundgaard H, Andersen MP, Seenhard N, von
Buchwald C, Todsen T

Molecular Detection of SARS-CoV-2 From Throat Swabs Performed With or Without Specimen Collection From the Tonsils: Protocol
for a Multicenter Randomized Controlled Trial

JMIR Res Protoc 2024;13:e47446

URL: https.//www.researchprotocols.org/2024/1/e47446

doi: 10.2196/47446

PMID: 38865190

https://www.researchprotocols.org/2024/1/e47446 JMIR Res Protoc 2024 | vol. 13 | e47446 | p. 7

RenderX

(page number not for citation purposes)


https://europepmc.org/abstract/MED/32939576
http://dx.doi.org/10.1007/s10096-020-04039-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32939576&dopt=Abstract
https://www.mdpi.com/resolver?pii=diagnostics13020283
http://dx.doi.org/10.3390/diagnostics13020283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36673094&dopt=Abstract
https://europepmc.org/abstract/MED/32403007
http://dx.doi.org/10.1016/j.jcv.2020.104417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32403007&dopt=Abstract
https://europepmc.org/abstract/MED/38055280
http://dx.doi.org/10.1001/jamanetworkopen.2023.44295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38055280&dopt=Abstract
https://europepmc.org/abstract/MED/37208187
http://dx.doi.org/10.1136/thorax-2022-219599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37208187&dopt=Abstract
https://europepmc.org/abstract/MED/33767405
http://dx.doi.org/10.1038/s41591-021-01296-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33767405&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijms23031431
http://dx.doi.org/10.3390/ijms23031431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35163355&dopt=Abstract
https://europepmc.org/abstract/MED/36926220
http://dx.doi.org/10.1093/pnasnexus/pgad033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36926220&dopt=Abstract
https://www.mdpi.com/resolver?pii=diagnostics11111987
https://www.mdpi.com/resolver?pii=diagnostics11111987
http://dx.doi.org/10.3390/diagnostics11111987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34829333&dopt=Abstract
https://sealedenvelope.com/
https://www.medrxiv.org/content/10.1101/2021.02.28.21252608v2
http://dx.doi.org/10.1101/2021.02.28.21252608
https://covid19.ssi.dk/overvagningsdata/download-fil-med-overvaagningdata
https://covid19.ssi.dk/overvagningsdata/download-fil-med-overvaagningdata
https://clincalc.com/stats/samplesize.aspx
https://europepmc.org/abstract/MED/23097549
http://dx.doi.org/10.1136/bmj.e6717
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23097549&dopt=Abstract
https://www.researchprotocols.org/2024/1/e47446
http://dx.doi.org/10.2196/47446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38865190&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Hartvigsen et &

©Benedikte Hartvigsen, Kathrine Kronberg Jakobsen, Thomas Benfield, Niels Tobias Gredal, Annette Kjaa Ersball, Mathias
Waldemar Grgnlund, Henning Bundgaard, Mikkel Porsborg Andersen, Nina Steenhard, Christian von Buchwald, Tobias Todsen.
Originally published in IMIR Research Protocol s (https://www.researchprotocol s.org), 12.06.2024. Thisis an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR
Research Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
https://www.researchprotocols.org, as well as this copyright and license information must be included.

https://www.researchprotocols.org/2024/1/e47446 JMIR Res Protoc 2024 | vol. 13 | e47446 | p. 8

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

