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Abstract: Proper specimen collection is the most important step to ensure accurate testing for
the coronavirus disease 2019 (COVID-19) and other infectious diseases. Assessment of healthcare
workers’ upper respiratory tract specimen collection skills is needed to ensure samples of high-quality
clinical specimens for COVID-19 testing. This study explored the validity evidence for a theoretical
MCQ-test and checklists developed for nasopharyngeal (NPS) and oropharyngeal (OPS) specimen
collection skills assessment. We found good inter-item reliability (Cronbach’s alpha = 0.76) for the
items of the MCQ-test and high inter-rater reliability using the checklist for the assessment of OPS
and NPS skills on 0.86 and 0.87, respectively. The MCQ scores were significantly different between
experts (mean 98%) and novices (mean 66%), p < 0.001, and a pass/fail score of 91% was established.
We found a significant discrimination between checklist scores of experts (mean 95% score for OPS
and 89% for NPS) and novices (mean 50% score for OPS and 36% for NPS), p < 0.001, and a pass/fail
score was established of 76% for OPS and 61% for NPS. Further, the results also demonstrated
that a group of non-healthcare educated workers can perform upper respiratory tract specimen
collection comparably to experts after a short and focused simulation-based training session. This
study, therefore, provides validity evidence for the use of a theoretical and practical test for upper
respiratory specimens’ collection skills that can be used for competency-based training of the workers
in the COVID-19 test centers.

Keywords: COVID-19 testing; SARS-CoV-2 sample; upper respiratory tract specimens; skills
assessment; validation

1. Introduction

Testing for the novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
causing the coronavirus disease 2019 (COVID-19) is an essential part of the pandemic
control [1]. Millions of individuals are tested daily as a part of mass testing strategies to

Diagnostics 2021, 11, 1987. https://doi.org/10.3390/diagnostics11111987

https:/ /www.mdpi.com/journal /diagnostics


https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com
https://orcid.org/0000-0001-7059-9360
https://orcid.org/0000-0003-0698-9385
https://orcid.org/0000-0001-9197-5564
https://doi.org/10.3390/diagnostics11111987
https://doi.org/10.3390/diagnostics11111987
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/diagnostics11111987
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com/article/10.3390/diagnostics11111987?type=check_update&version=1

Diagnostics 2021, 11, 1987

20f 10

identify and isolate asymptomatic COVID-19 cases in society [2]. For initial SARS-CoV-2
infections, an upper respiratory tract specimen is recommended to be collected for molecu-
lar or antigen testing. The World Health Organization (WHO) recommends performing
oropharyngeal (OPS) and nasopharyngeal swabbing (NPS) to ensure the collection of rep-
resentative upper respiratory tract specimens for COVID-19 testing [3]. Proper specimen
collection is considered the most important step in the diagnostic work-up of COVID-19
and suboptimal technique may lead to false-negative test results [4]. The test procedures
can be technically difficult to perform, and due to the significant and unmet need for
healthcare workers at the many community-based COVID-19 test sites, non-healthcare
workers may also be used to collect upper respiratory tract specimens [5,6]. Therefore,
it is imperative to ensure that the test administrators have the necessary skills to collect
high-quality clinical specimens, and competency-based training should provide the skills
needed. A pre-requisite for competency-based training is an assessment tool with estab-
lished validity evidence for evaluating upper respiratory specimen sampling techniques at
the COVID-19 test sites.

This study aims to develop and examine the validity of theoretical and practical skills
tests for obtaining nasopharyngeal (NPS) and oropharyngeal (OPS) specimen collection for
COVID-19 testing.

2. Materials and Methods

We conducted an experimental study to assess skills in obtaining NPS and OPS
using Messick’s validity framework, which complies with the Standards for Educational
and Psychological Testing guidelines [7]. A multiple-choice test (MCQ) and checklists
following the World Health Organization (WHO) recommendations to assess NPS and
OPS performance were constructed, and experts and novices were invited to participate in
a validation study. Psychometric data from the study were used to explore five sources of
validity evidence according to Messick’s validity framework: content evidence, response
process, internal structure, relationships with other variables, and test consequences.

2.1. Developing the Theoretical and Practical Test

A MCQ and a checklist for upper respiratory tract specimens’ collection skills (URTS)
were developed as an objective structured clinical examination (OSCE) format test with
content evidence obtained through two steps. First, we used the technical guide from the
WHO together with an additional literature review to ensure the contents of the URTS
MCQ, and the URTS checklist followed international recommendations [3,8—-16]. We then
recruited a multidisciplinary board of experts constituted by a consultant in rhinology
(CvB), a consultant in head and neck surgery (JM), a consultant in infectious disease (TB), a
microbiology specialist (NK), and a medical education scientist (MT) to review the content
of each item on the checklist. The items were revised and re-evaluated until consensus was
reached among the expert panel.

2.2. Participants

Participants without any formal healthcare education were recruited to participate in
the study as novices representing the competence level of general staff that could be hired
in public-based COVID-19 sites for mass-testing. Their performances were assessed in a
simulated setting before receiving OPS and NPS training and again afterward to measure
the effect of the training session. We invited consultants and registrars (PGY-2 or more)
in otolaryngology to participate in the study as the expert group. These were chosen as
experts due to their anatomical knowledge and experience with procedures within the
upper respiratory tract.

2.3. Test Setup

The theoretical test was constructed as MCQ questions with three possible answers,
with only one answer being correct. Some of the questions also included pictures or
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anatomical animations. Printed papers with the MCQ questions were provided to all the
participants who were not allowed to use handbooks, access web resources, or ask for help
during the MCQ test. Each correct answer gave one point, whereas incorrect answers gave
zero points.

The practical test with OPS and NPS sampling techniques was conducted using a
simulation-based context. A checklist was developed for the OPS and NPS sample as-
sessing the different sub-elements of the procedures performed correctly (one point) or
incorrectly (zero points). The oropharyngeal sampling was performed on a life-sized
airway demonstration model (Airsim Advance Crico, Trucorp, Belfast, Northern Ireland)
with a flexible endoscope (aScope 4 RhinoLaryngo, Ambu, Copenhagen, Denmark) at-
tached to visualize the oropharyngeal swab technique on a video monitor (aView, Ambu,
Copenhagen, Denmark) during the procedure (see Figure 1). The NPS was performed
on a 3D-printed simulator based on real CT scans with correct anatomic landmarks [17].
The 3D simulator model was slightly modified for the project as we added ears on the
simulator head, which is important guidance for the nasopharyngeal sample (see Figure 1).
The URTS teaching material, checklists and the 3D printed model is made freely available
on the following website: http://www.urt-sample.com (accessed on 25 October 2021).
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Figure 1. Test setup in a simulation setting. (A) Oropharyngeal sample on a life-sized airway demon-
stration model. (B). Videoendoscopic recordings of oropharyngeal sample technique. (C) Three
dimensional printed model for nasopharyngeal sampling. (D). Inside the 3D-printed model with
correct anatomic landmarks based on CT scans.

2.4. OPS and NPS Training of the Group of Novices

All the novices received a total of 30-min training by a specialist in otolaryngology—
head and neck surgery (AB). A power-point presentation demonstrated upper-airway
anatomy and the steps in the techniques for performing OPS and NPS. The novices then ob-
served a video from WHO demonstrating the technique on a real person [18]. The training
session ended with hands-on practice of OPS and NPS on the simulation models described
previously with feedback from the teacher. A post-training assessment was conducted
with a theoretical MCQ test followed by an assessment of OPS and NPS performance on
the simulators without any guidance from the teacher.

2.5. Competence Assessment

The novices answered the MCQ test and performed OPS and NPS on the simulators
before (pretest) and again after training (posttest). The expert group also answered the
MCQ and performed OPS and NPS on the same simulators, and all performances were
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video recorded for subsequent assessment with the URTS checklist. A nurse (RCE) and
resident in otolaryngology—head and neck surgery (LH) rated all the videos independently.
Prior to the rating, a 30-min rater training session was conducted. They watched four pilot
videos (not being a part of the assessment videos used in the study) and discussed any
disagreement in their URTS checklist ratings. Then, the two raters assessed all the videos
using the URTS checklist in a randomized order and blinded to who had received training.

2.6. Statistics

To evaluate internal structure of the constructed MCQ), item statistics including item
difficulty index and item discriminatory index were calculated. MCQs with appropriate
testing properties were selected to be included in the test and internal consistency reliability
was calculated as Cronbach’s alpha. Inter-rater reliability using intraclass correlation coeffi-
cients, absolute agreement definition, was used for measuring inter-rater reliability, and
Cronbach’s alpha was used to evaluate the internal structure of the final items on checklists.

The “relations to other variables” validity evidence were explored by comparing the
MCQ and checklist scores between groups. The test scores discriminatory abilities between
experts and untrained/trained novices were explored with independent samples t-tests
and the effect of the training was determined using a paired samples t-test.

The contrasting groups” method [19] was used to explore the “test consequences’
and establish the pass/fail levels of both tests to determine who is ready for independent
practice. We examined the consequences of these criteria for both tests using the post-
course test scores to determine the proportion of newly trained non-healthcare professionals
having completed the combined theoretical and hands-on course that passed and failed
the tests, respectively.

All the statistical analysis was performed using a statistical software package (PASW,
version 27.0; SPSS Inc., Chicago, IL, USA), and two-sided significance levels of 0.05 were
used for all analyses.

7

3. Results

Twenty-four novices without any healthcare education agreed to participate in the
study and 16 experts who were registrars or consultants in otolaryngology—head and
neck surgery working either at the Department of Otorhinolaryngology, Head and Neck
Surgery at Zealand University Hospital, Kege or Rigshospitalet, Copenhagen, Denmark.
All 24 novices were both pre- and post-tested while the 16 experts only were tested once.
In total, results from 64 URTS MCQ tests and 128 videos of OPS and NPS performance
were available for assessment with the URTS checklist.

3.1. Content Evidence

The URTS MCQ and the URTS checklist items were based on the WHO recommenda-
tions and revised based on content matter expert reviews. Based on the comments by the
expert review, nine of the fourteen MCQ questions were revised, and one new item was
added. Item analysis showed that 12 out of 15 items had acceptable item discriminatory
indices of 0.18 or above, whereas the remaining three had indices below 0.04 and were
removed from the final test. Five of the 17 URTS checklist items for OPS and NPS perfor-
mance were revised to the final version approved by all the experts and used for the study
(see Appendix A).

3.2. Response Process

All MCQ tests were administered in a standardized fashion without allowing the
participants any guidance. After completing a half-hour rater training, the raters were able
to conduct assessments using both OPS and NPS checklists without any missing values.
The two raters reported no difficulty in performing ratings in the simulated context despite
dissimilarities between the simulated and clinical procedure (e.g., no head movements
during insertion of swabs or interaction with the patient).
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3.3. Internal Structure

The internal consistency reliability of the MCQ test was 0.76. The URTS checklist score
demonstrated good inter-rater reliability for OPS and NPS skills assessment of 0.86 and 0.87,
respectively. Internal consistency reliabilities for both instruments were high, Cronbach’s
alpha 0.92 and 0.93, respectively.

3.4. Relations to Other Variables

The URTS MCQ-test score was significant higher for the group of experts compared
to the group of novices without training, p < 0.001 (see Table 1 and Figure 2). The
novices scored higher after training (p < 0.001) but still significantly lower than the experts
(p =0.008).

Table 1. The URTS MCQ-test and checklist scores.

Novice Group Group of Trained Expert Group T
(n=24) Novices (n = 24) (n=16) Pass-Fail Score
MCQ score%,
mean (SD) 66 (18) 93 (8) 98 (3) 91
OPS-checklist,
Mean (SD) 50 (18) 91 (6.9) 95 (11) 76
NDPS-checklist,
Mean (SD) 36 (10) 86 (1) 89 (12) 61
A Novice ;l;zav]lce(i Experts
o ' '
o bl (]
B C D

s NS :

Figure 2. Boxplots and standard setting. (A). Boxplot with the mean MCQ (red), OPS checklist (blue)
and NPS checklist (green) URTS scores at the Y-axis (percent of total number of possible correct
answers) for the different groups. The central bar in the box represents the median, the box represents
the interquartile range, and the whiskers represent the range. Outliers are plotted as individual
points (*). (B-D). Standard setting with the contrasting groups’ method and normally distributed
curves representing the score of the novice (blue), and expert (yellow) groups. The black dotted
vertical line represents the pass/fail cut-off score for the MCQ test (B), OPS checklist score (C) and
NPS score (D).
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The URTS checklist score was significantly higher for the group of experts compared
to the group of novices without training, p < 0.001 for both OPS and NPS (see Table 1). The
novices scored higher after both NPS and OPS training (p < 0.001) but not significantly
lower than the experts when the OPS score (p = 0.14) and the NPS score (p = 0.49) were
compared (see Table 1 and Figure 2).

3.5. Test Consequences

The contrasting groups’” method established an MCQ-test pass/fail score of 91%
and a checklist pass/fail score of the 76% for OPS and 61% for NPS, see Figure 2. The
consequences of the standard setting were that thirteen of the trained novices failed MCQ-
test while only one failed the competency-based assessment with the URTS checklist (see
Figure 2 and Table 1).

4. Discussion

This study provided validity evidence supporting the use of the developed URTS
MCQ and checklist for the assessment of OPS and NPS skills. We found a high inter-test
and inter-rater reliability, a significant discrimination between experts and novices” URTS
scores, and established pass/fail scores for URTS MCQ and checklists.

Sources of validity evidence were explored in this study following Messick’s validity
framework. The content of the checklist was based on literature review and multi-speciality
expert consensus. The response process was ensured by controlled testing environments,
rater training, and the anatomical correct simulators used in the testing setup. A high
inter-rater and inter-item reliability supported the internal structure validity evidence for
both the MCQ-test and checklists. Relations to other variables were supported by the URTS
MCQ and checklist ability to differentiate between novice and expert experience levels and
the ability to measure an effect from 30 min training of the novices. The consequences of
the test were explored by a standard setting establishing a meaningful pass/fail score. The
finding that a group of trained novices did not obtain a significant lower URTS checklist
score to compare to a group of experts may be surprising at first. However, previous studies
have shown that experts often do not adhere strictly to detailed checklists compared with
trained intermediate learners [20] although they are better at providing accurate overall
diagnoses. However, COVID-testing is a relatively simple procedure requiring limited and
relatively elementary knowledge and skills, which may indicate a short learning curve
that combined with the standardized simulated model may have resulted in some level of
ceiling effects. The good effect of a short simulation-based URTS training is also comparable
to other studies with similar findings [21,22]. This indicates that URTS is a well-defined
procedure where non-healthcare educated workers can perform URT samples comparably
to experts if they receive focused and standardized training [23].

In this study, we assessed both OPS and NPS performance as WHO recommends
combining both samples for each case to increase the diagnostic sensitivity [3]. In contrast,
CDC primarily recommends a single NPS sample while other studies have questioned
the OPS sensitivity [4,24,25]. If a single NPS specimen is used for testing purpose, the
NPS checklist can just be used, and the OPS checklist can instead be omitted. The URTS
assessment was developed in relation to the urgent need during the COVID-19 pandemic,
but its use is not limited to coronavirus diagnostic but can also be used for other upper
respiratory infectious diseases.

We found a high inter-rater reliability between the nurse and otolaryngologist checklist
ratings, supporting the use of nurses instead of physicians for the practical testing and
training of the large groups of workers involved in mass testing. Therefore, we believe the
URTS MCQ-test and checklists can be used as part of training of new health-care workers
at the outpatient COVID-19 testing sites and at the hospital. Further, it can also be used
for training of laypersons needed in mass-testing strategies where the limitation of health
workers during a pandemic will not be able to cover the test needs. The checklist was made
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in an OSCE format and could also be used as a part of clinical skills assessment at medical
and nursing schools.

The findings of the study should be interpreted in accordance with the following
limitations. The study was performed in a simulation-based setting, and we cannot
know if the skills are directly transferable to how they would collect URT-specimens in
an outpatient test site. However, a large body of existing literature supports the use of
simulation-based assessment and training of clinical skills, and numerous studies have
shown good correlations between performances in the simulated and clinical setting [26,27].
Moreover, in a clinical setting it will not be possible for the rater to see the intraoral OPS
sampling technique which we instead could visualize with a video endoscope in the
simulated setting for more complete assessment of sample technique (see Figure 1). A
critical part of the NPS specimen collection is whether the swab reach the nasopharyngeal
wall which require an insertion length between 8-11 cm [9]. However, the rater could not
directly visualize if the swab reached the nasopharyngeal wall during the test participants
performance on the NPS simulator model. Nevertheless, as the model has known realistic
anatomy proportions it could be seen if the swab was inserted to high and trapped before
at the midturbinates instead, see Figure 1 [9,17].

The aim of this URTS skills assessment is to ensure URT-specimens collection perfor-
mance performed with correct infection control precautions. However, the URTS-skills
assessment do not cover the full infection prevention and control competencies needed
for health workers within infectious diseases and it should be covered by focused training
and competency assessment within this area [28]. Further, the URTS-checklist focuses on
the skills assessment needed for collecting specimens for SARS-CoV-2 molecular testing.
Therefore, the NPS checklist should be combined with assessment of the on-site handling
of the lateral flow immunoassay if it is used as a part of competency-based training in
antigen testing [29].

The use of assessment instruments with established validity evidence is a cornerstone
in the provision of competency-based URT-specimen collecting training of healthcare work-
ers during the pandemic. However, until now the training and assessment of personnel
performing URT-specimen collecting have received limited attention despite its importance
for overall diagnostic accuracy of the tests used. A study found that NPS simulation
training significantly can improve healthcare workers’ confidence, but the change perfor-
mance was not assessed [30]. There has been a large emphasis on comparing the diagnostic
accuracy of different test types (e.g., antigen vs. molecular tests) and different sampling
sites (e.g., nasopharyngeal vs. oropharyngeal vs. saliva), and more focus should also be on
the URT-specimen collecting technique and training [31,32]. Future research and practice
must incorporate descriptions of how the sampling procedure is performed and the test
personnel are assessed and trained to ensure standardization and reproducibility of test
design. This also applies to self-collected URT samples which can be an effective method
for mass testing in future [33,34].

5. Conclusions

We established validity evidence supporting the use of a theoretical and practical
test for upper respiratory specimens’ collection skills based on the recommendations by
the WHO. Further, the results indicate that non-healthcare educated workers can perform
URT samples comparably to experts after a short and focused simulation-based training
session. This is the first step to enable competency-based training of the workers in the
COVID-19 test centers as well as for health-care workers performing URT samples for other
infectious diseases.

Author Contributions: Conceptualization, T.T.; methodology, T.T. and M.T.; formal analysis, T.T.,
L.K. and M.T,; simulator developer, M.B.S.S,, data curation, T.T., A.B.,, LH.H., R.C.E,, TB.,, NK,, LK,
C.v.B., J M., M.T,; writing—original draft preparation, T.T. and M.T.; writing—review and editing, all;
funding acquisition, T.T. All authors have read and agreed to the published version of the manuscript.
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Appendix A

The final URTS MCQ and Checklist.

Not

Name Correctly Correctly Not
Performed Relevant
Performed
1 The swab is performed with correct use of personal
protective equipment.
2 The swab is performed in compliance with proper infection
prevention and control principles
3 The swab is performed at a height where a good visualization
of the oropharyngeal wall is ensured.
4 The swab is held correctly between the thumb and the first

and second finger.
The patient is instructed in saying “ahhh” or to take a breath
5 so the soft palate will rise. Tongue depressor is used if
relevant to improve visualization.
The swab is inserted and withdrawn without touching the

o0 dagg
o0 dagg
o0 dagg

6
tongue or cheeks.
” The swab collects sufficient material from the oropharyngeal
wall and both tonsils with a rotating or painting movement.
The swab is placed in the vial and managed in accordance
8 . P
with the local guidelines.
Number correct
General Assesement bad unacceptable acceptable good excellent
Correctly Not Not
Name Cerrectly
Performed Relevant
Performed
The swab is performed with correct use of personal
1 protective equipment. |:| |:| |:|
The swab is performed in compliance with proper infection
2 prevention and control principles I:| I:| I:|
The patient is instructed in leaning the head slightly back
3 throughout the procedure. I:| I:| I:|
The tip of the swab enters the nasal cavity correctly
4 (depending on how much the head is leaned back) |:| |:| |:|
The swab is inserted in the midline following the floor of the
5 nose (pointing downwards toward the ear). I:| I:| I:|
The swab is inserted until resistance is met by the posterior
6 oropharyngeal wall (8-11 cm) I:| I:| I:|
7 The swab is left in place for a second and rotate it three times. I:‘ I:‘ I:‘
8 The swab is withdrawn slowly while being rotated. |:| |:| |:|
The swab is placed in the vial and managed in accordance
? with the local guidelines. I:| I:| I:|
Number correct
General Assesement bad unacceptable acceptable good excellent
References

1.  Wiersinga, W.J.; Rhodes, A.; Cheng, A.C.; Peacock, S.J.; Prescott, H.C. Pathophysiology, Transmission, Diagnosis, and Treatment
of Coronavirus Disease 2019 (COVID-19): A Review. JAMA 2020, 324, 782-793. [CrossRef]

2. Mercer, T.R,; Salit, M. Testing at scale during the COVID-19 pandemic. Nat. Rev. Genet. 2021, 22, 415-426. [CrossRef] [PubMed]

3. Diagnostic Testing for SARS-CoV-2-Interim Guidance. World Health Organization: Geneva, Switzerland. WHO. Available online:
https:/ /apps.who.int/iris/handle /10665 /334254?locale-attribute=en (accessed on 25 October 2021).

4. Prevention CfDCa. Availabe online: https://www.cdc.gov/coronavirus/2019-ncov/lab/guidelines-clinical-specimens.html
(accessed on 25 August 2021).

5. Higgins, T.S.; Wu, AW.,; Ting, ].Y. SARS-CoV-2 Nasopharyngeal Swab Testing-False-Negative Results From a Pervasive Anatomi-
cal Misconception. JAMA Otolaryngol-Head Neck Surg. 2020, 146, 993-994. [CrossRef] [PubMed]


http://doi.org/10.1001/jama.2020.12839
http://doi.org/10.1038/s41576-021-00360-w
http://www.ncbi.nlm.nih.gov/pubmed/33948037
https://apps.who.int/iris/handle/10665/334254?locale-attribute=en
https://www.cdc.gov/coronavirus/2019-ncov/lab/guidelines-clinical-specimens.html
http://doi.org/10.1001/jamaoto.2020.2946
http://www.ncbi.nlm.nih.gov/pubmed/32940647

Diagnostics 2021, 11, 1987 90of 10

*®

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

West, C.P.; Montori, V.M.; Sampathkumar, P. COVID-19 Testing: The Threat of False-Negative Results. Mayo Clin. Proc. 2020, 95,
1127-1129. [CrossRef]

Downing, S.M.; Yudkowsky, R. Assessment in Health Professions Education; Routledge: Oxfordshire, UK, 2009; 336p.
Zedtwitz-Liebenstein, K. Correctly performed nasal swabs. Infection 2021, 49, 763-764. [CrossRef] [PubMed]

Callesen, R.E; Kiel, C.M.; Hovgaard, L.H.; Jakobsen, K.K.; Papesch, M.; von Buchwald, C.; Todsen, T. Optimal Insertion Depth for
Nasal Mid-Turbinate and Nasopharyngeal Swabs. Diagnostics 2021, 11, 1257. [CrossRef]

Pondaven-Letourmy, S.; Alvin, E; Boumghit, Y.; Simon, F. How to perform a nasopharyngeal swab in adults and children in the
COVID-19 era. Eur. Ann. Otorhinolaryngol. Head Neck Dis. 2020, 137, 325-327. [CrossRef] [PubMed]

Petruzzi, G.; De Virgilio, A.; Pichi, B.; Mazzola, F; Zocchi, J.; Mercante, G.; Spriano, G.; Pellini, R. COVID-19: Nasal and
oropharyngeal swab. Head Neck 2020, 42, 1303-1304. [CrossRef] [PubMed]

Marty, EM.; Chen, K.; Verrill, K.A. How to Obtain a Nasopharyngeal Swab Specimen. N. Engl. |. Med. 2020, 382, €76. [CrossRef]
Kaufman, A.C.; Brewster, R.; Rajasekaran, K. How to Perform a Nasopharyngeal Swab-An Otolaryngology Perspective. Am. |.
Med. 2020, 133, 1280-1282. [CrossRef] [PubMed]

Fazio, E.; Abousiam, M.; Caselli, A.; Accorona, R.; Nebiaj, A.; Ermoli, I.; Erckert, B.; Calabrese, L.; Gazzini, L. Proper Procedures
for Performing Nasopharyngeal and Oropharyngeal Swabs for COVID-19. ATS Sch. 2020, 1, 495-497. [CrossRef]

Di Maio, P; Iocca, O.; Cavallero, A.; Giudice, M. Performing the nasopharyngeal and oropharyngeal swab for 2019-novel
coronavirus (SARS-CoV-2) safely: How to dress, undress, and technical notes. Head Neck 2020, 42, 1548-1551. [CrossRef]
[PubMed]

Todsen, T. Collecting of upper respiratory specimens for COVID-19 Testing. Ugeskr Laeger 2021, 183, V03210265.

Sananes, N.; Lodi, M.; Koch, A ; Lecointre, L.; Sananes, A.; Lefebvre, N.; Debry, C. 3D-printed simulator for nasopharyngeal swab
collection for COVID-19. Eur. Arch. Oto-Rhino-Laryngol. 2020, 278, 2649-2651. [CrossRef]

Collecting of upper respiratory specimens for COVID-19 Testing. Availabe online: www.urt-sample.com (accessed on 25
October 2021).

Jorgensen, M.; Konge, L.; Subhi, Y. Contrasting groups’ standard setting for consequences analysis in validity studies: Reporting
considerations. Adv. Simul. 2018, 3, 5. [CrossRef] [PubMed]

Hodges, B.; Regehr, G.; McNaughton, N.; Tiberius, R.; Hanson, M. OSCE checklists do not capture increasing levels of expertise.
Acad. Med. 1999, 74, 1129-1134. [CrossRef]

Abud, B.T,; Hajnas, N.M.; Redleaf, M.; Kerolus, ].L.; Lee, V. Assessing the Impact of a Training Initiative for Nasopharyngeal and
Oropharyngeal Swabbing for COVID-19 Testing. OTO Open 2020, 4, 2473974X20953094. [CrossRef] [PubMed]

Mathews, S.S.; Varghese, L.; Trupthi, M.C.; Naomi, N.; Varghese, A.M. Covid 19 Pandemic-Training of Healthcare Workers in
Obtaining a Nasopharyngeal Swab: Our Experience. Indian ]. Otolaryngol. Head Neck Surg. 2021. [CrossRef] [PubMed]

Liu, M.; Roychowdhury, P; Ito, C.J. Role of the otolaryngologist in nasopharyngeal swab training: A case report and review of
the literature. Otolaryngol. Case Rep. 2021, 20, 100316. [CrossRef]

Todsen, T.; Kirkby, N.; Benfield, T. Is oropharyngeal sampling a reliable test to detect SARS-CoV-2? Lancet Infect. Dis. 2021,
21, 1348. [CrossRef]

Tsang, N.N.Y,; So, H.C.; Ng, K.Y.; Cowling, B.J.; Leung, G.M.; Ip, D.K.M. Diagnostic performance of different sampling approaches
for SARS-CoV-2 RT-PCR testing: A systematic review and meta-analysis. Lancet Infect. Dis. 2021, 21, 1233-1245. [CrossRef]
Todsen, T.; Henriksen, M.V.; Kromann, C.B.; Konge, L.; Eldrup, J.; Ringsted, C. Short- and long-term transfer of urethral
catheterization skills from simulation training to performance on patients. BMIC Med. Educ. 2013, 13, 29. [CrossRef]

Melchiors, J.; Todsen, T.; Nilsson, P.; Wennervaldt, K.; Charabi, B.; Bottger, M.; Konge, L.; von Buchwald, C. Preparing for
emergency: A valid, reliable assessment tool for emergency cricothyroidotomy skills. Otolaryngol. Head Neck Surg. 2015, 152,
260-265. [CrossRef]

UHL WIPaC. Core Competencies for Infection Prevention and Control Professionals; World Health Organization: Geneva, Switzerland,
2020; p. 69.

Jakobsen, K.K,; Jensen, ].S.; Todsen, T.; Tolsgaard, M.G.; Kirkby, N.; Lippert, F.; Vangsted, A.M.; Martel, C.].; Klokker, M.; von
Buchwald, C. Accuracy and cost description of rapid antigen test compared with reverse transcriptase-polymerase chain reaction
for SARS-CoV-2 detection. Dan. Med. |. 2021, 68, A03210217. [PubMed]

Mark, M.E.; LoSavio, P.; Husain, I.; Papagiannopoulos, P.; Batra, P.S.; Tajudeen, B.A. Effect of Implementing Simulation Education
on Health Care Worker Comfort With Nasopharyngeal Swabbing for COVID-19. Otolaryngol. Head Neck Surg. 2020, 163, 271-274.
[CrossRef] [PubMed]

Hiebert, N.M.; Chen, B.A.; Sowerby, L.J. Variability in instructions for performance of nasopharyngeal swabs across Canada in
the era of COVID-19-what type of swab is actually being performed? J. Otolaryngol. Head Neck Surg. 2021, 50, 5. [CrossRef]
Todsen, T.; Tolsgaard, M.; Folke, F.; Jakobsen, K.K.; Ersboll, A K.; Benfield, T.; von Buchwald, C.; Kirkby, N. SARS-CoV-2 in saliva,
oropharyngeal and nasopharyngeal specimens. Dan. Med. |. 2021, 68, A01210087.


http://doi.org/10.1016/j.mayocp.2020.04.004
http://doi.org/10.1007/s15010-021-01607-8
http://www.ncbi.nlm.nih.gov/pubmed/33770388
http://doi.org/10.3390/diagnostics11071257
http://doi.org/10.1016/j.anorl.2020.06.001
http://www.ncbi.nlm.nih.gov/pubmed/32646750
http://doi.org/10.1002/hed.26212
http://www.ncbi.nlm.nih.gov/pubmed/32352180
http://doi.org/10.1056/NEJMvcm2010260
http://doi.org/10.1016/j.amjmed.2020.05.004
http://www.ncbi.nlm.nih.gov/pubmed/32492374
http://doi.org/10.34197/ats-scholar.2020-0109VO
http://doi.org/10.1002/hed.26230
http://www.ncbi.nlm.nih.gov/pubmed/32357377
http://doi.org/10.1007/s00405-020-06454-1
www.urt-sample.com
http://doi.org/10.1186/s41077-018-0064-7
http://www.ncbi.nlm.nih.gov/pubmed/29556423
http://doi.org/10.1097/00001888-199910000-00017
http://doi.org/10.1177/2473974X20953094
http://www.ncbi.nlm.nih.gov/pubmed/32864547
http://doi.org/10.1007/s12070-021-02849-6
http://www.ncbi.nlm.nih.gov/pubmed/34540649
http://doi.org/10.1016/j.xocr.2021.100316
http://doi.org/10.1016/S1473-3099(21)00395-9
http://doi.org/10.1016/S1473-3099(21)00146-8
http://doi.org/10.1186/1472-6920-13-29
http://doi.org/10.1177/0194599814556722
http://www.ncbi.nlm.nih.gov/pubmed/34169830
http://doi.org/10.1177/0194599820933168
http://www.ncbi.nlm.nih.gov/pubmed/32482155
http://doi.org/10.1186/s40463-020-00490-x

Diagnostics 2021, 11, 1987 10 of 10

33. Bundgaard, J.S.; Raaschou-Pedersen, D.T.; Todsen, T.; Ringgaard, A.; Torp-Pedersen, C.; Von Buchwald, C.; Iversen, K.; Bundgaard,
H. Danish citizens’” preferences for at-home oropharyngeal /nasal SARS-CoV-2 specimen collection. Int. J. Infect. Dis. 2021, 109,
195-198. [CrossRef]

34. Therchilsen, ].H.; von Buchwald, C.; Koch, A.; Dam Nielsen, S.; Rasmussen, D.B.; Thudium, R.F.; Kirkby, N.S.; Raaschou-Pedersen,
D.E.T,; Bundgaard, ].S.; Iversen, K.; et al. Self-Collected versus Healthcare Worker-Collected Swabs in the Diagnosis of Severe
Acute Respiratory Syndrome Coronavirus 2. Diagnostics 2020, 10, 678. [CrossRef]


http://doi.org/10.1016/j.ijid.2021.06.060
http://doi.org/10.3390/diagnostics10090678

	Introduction 
	Materials and Methods 
	Developing the Theoretical and Practical Test 
	Participants 
	Test Setup 
	OPS and NPS Training of the Group of Novices 
	Competence Assessment 
	Statistics 

	Results 
	Content Evidence 
	Response Process 
	Internal Structure 
	Relations to Other Variables 
	Test Consequences 

	Discussion 
	Conclusions 
	
	References

