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ARTICLE INFO ABSTRACT
Article history: Objectives: Diagnosis of COVID-19 is essential to prevent the spread of SARS-CoV-2. Nasopharyngeal
Received 1% December 2021 swabs (NPS) remain the gold standard in screening, although associated with false negative results (up to
Received in revised form 5 January 2022 30%). We developed a 3D simulator of the nasal and pharyngeal cavities for the learning and improvement
Accepted 2 February 2022

Available online 8 February 2022 of NPS collection.

Patients and methods: Simulator training sessions were carried outin 11 centers in France. A questionnaire

assessing the simulator was administered at the end of the sessions. The study population included both

healthcare workers (HCW) and volunteers from the general population.

Results: Out of 589 participants, overall satisfaction was scored 9.0 [8.9-9.1] on a scale of 0 to 10
with excellent results in the 16 evaluation items of each category (HCWs and general population, NPS
novices and experienced). The simulator was considered very realistic (95%), easy to use (97%), useful to
understand the anatomy (89%) and NPS sampling technique (93%). This educational tool was considered
essential (93%). Participants felt their future NPS would be more reliable (72%), less painful (70%), easier
to perform (88%) and that they would be carried out more serenely (90%). The mean number of NPS
conducted on the simulator to feel at ease was two; technical fluency with the simulator can thus be

acquired quickly.

Conclusion: Our simulator, whose 3D printing can be reproduced freely using a permanent open access
link, is an essential educational tool to standardize the learning and improvement of NPS collection. It

should enhance virus detection and thus contribute to better pandemic control.

1. Introduction

Testing is essential for controlling the COVID-19 pandemic since

it enables better follow-up of epidemic markers, isolation of pos-

I itive cases and where applicable contact tracing [1,2]. COVID-19
* Corresponding author. Obstetrics department, Strasbourg university hospital, testing should be performed by obtaining a specimen from the
rue Louis-Pasteur, 67300 Schiltigheim, France. upper respiratory tract [3]. Nasopharyngeal swab (NPS) collection
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Fig. 1. Nasopharyngeal swab collection simulator.

is currently the most widely used technique and represents the
gold standard in screening, being more sensitive than oropharyn-
geal swabs and more accessible than bronchoalveolar lavage [4-6].
Saliva tests represent a good alternative, but their sensitivity and
specificity remain inferior [7].

The launch of vaccines offers new hope for pandemic control [8].
The scientific community has indeed been working on their devel-
opment since January 2020 [9-11]. Nevertheless, it is still a matter
of debate whether immunization against SARS-CoV-2 will be long-
lasting, whether induced by primary infection or by vaccination
[12]. The emergence of variant strains with higher transmissibil-
ity also calls into question the efficacy of these vaccines [13,14].
Early testing for COVID-19, irrespective of the variant, thus remains
essential for controlling the pandemic [15,16].

Nasopharyngeal swabs (NPS), already used on a wide scale,
have few contraindications. Nevertheless, if poorly performed, they
can be painful and lead to false negative results, of about 30%
in current series: the resulting drop in sensitivity has potentially
major epidemiological implications [5,17]. The specimen has to be
acquired in the part of the nasopharyngeal tract where ACE2 recep-
tor expression is at its highest [18,19]. It is nevertheless not easy
for inexperienced personnel to locate and reach the nasopharynx
[20]. With an ever-expanding number of screening tests, more and
more healthcare professionals, whether or not properly trained in
this procedure, are being called on to perform these tests. Therefore,
appropriate training is not only essential to improve NPS sensitivity
but also to reduce the number of “off-track” specimens, discomfort,
turbinate injuries, and even cerebrospinal fluid leak [21-24].

Relevant educational content is available online, such as the
video by Marty et al. [21]. Practical training nevertheless remains
necessary and simulation teaching is potentially useful because
trainees can thus practice in a realistic learning environment. This
consideration led us to develop a synthetic simulator of the facial
bones (Fig. 1), based on MRI and CT scans of patients: participants
could readily train on this simulator, under completely safe condi-
tions, especially from an infectious standpoint, and as often as they
wished [25]. The simulator was produced by 3D printing and print
files are freely available online.

At the current time, there are no data assessing this type of sim-
ulator. The objective of our study was to collate samplers’ opinions
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Table 1
Socio-demographic and professional data of the total study population (n=>589).
Total n=589
Sex
Male 195 (33.1%)
Female 393 (66.7%)
Mean age (years) 32.4[31.4-334]
Profession
Medical 244 (41.4%)
Paramedical 266 (45.2%)
Other 79 (13.4%)
Student
Yes 238 (40.4%)
No 336 (57.0%)
Not specified 15 (2.5%)
Simulation experience 318 (54.0%
NPS experience

)

270 (45.8%)
COVID-19 screening 227 (38.5%)
Screening for other infective agents 176 (29.9%)

regarding the realism and utility of this simulator for the learning
and improvement of NPS collection.

2. Material and methods
2.1. Study design and population

This was a multicenter prospective survey carried out using a
questionnaire in 11 university or general hospital test centers in
France between June 2020 and October 2020. Centers were as fol-
lows: Bichat, Cochin, Pitié-Salpétriére, and Saint-Antoine Hospitals
(run by the university hospital trust operating in Paris and its sur-
roundings [French acronym AP-HP]), the Paris Center for Training
and Skills Development [Picpus]), as well as Strasbourg, Colmar,
Haguenau, Mulhouse, Saverne, and Sélestat Hospitals. The first five
centers are located in the Tle-de-France region and the other six in
Alsace; and thereby represent the two French regions most affected
by the first wave of the epidemic. All persons in these centers who
had to collect NPS were asked whether they wished to take part
in the study. They were members of the caregivers (medical and
paramedical personnel) as well as members of the general popula-
tion.

2.2. Simulator

The nasopharyngeal swab collection (NP-SC) simulator was
designed to high-level standards by BONE 3D (Paris, France) and
is illustrated in Fig. 1 [25]. The simulator was designed to include
the main anatomic landmarks: nasal bones (including turbinates),
nasopharynx, hard palate, facial skin, and mucosa. Both parts have
magnetic contacts, so they can be readily assembled and sepa-
rated on the midline, illustrating a sagittal section through the
nasal cavity. Nasopharyngeal swab collection can be performed
via either nostril. Slots on the posterior wall of the nasophar-
ynx allow for fitting a replaceable colored pad. Since it colors the
swab tip on correct insertion, real-time feedback is provided to the
user. A video presenting the simulator is freely available online via
this link: https://landing.bone3d.com/np-swab-simulator, as well
as comprehensive 3D files for printing and full instructions for man-
ufacturing models.

2.3. Simulation procedure and data collection

A dedicated trainer in each center gave oral explanations on the
use of the simulator at the beginning of each session. A descrip-
tive video on using the simulator was also viewed by participants.
Participants were then able to train on the simulator as often as
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Table 2
Number of NPS needed to feel at ease and overall satisfaction at each center.

Infectious Diseases Now 52 (2022) 138-144

Number of NPS needed to feel at ease (mean =+ SD)

Overall satisfaction out of 10 (mean 4 SD)

Alsace (n=324) 2.0[1.8-2.2]
Colmar - RHC (n=34) 2.3[1.9-2.7]
Haguenau - RHC (n=32) 1.4[1.1-1.6]
Mulhouse - RHC (n=21) 1.8 [1.3-2.2]
Saverne - RHC (n=68) 1.6 [1.0-2.2]
Sélestat - RHC (n=17) 1.8[1.3-2.3]
Strasbourg - UHC (n=152) 2.2[2.0-2.5]

{le-de-France (n=265) 1.6[1.5-1.7]
Bichat - UHC (n=31) 23[1.8-2.7]
Cochin - UHC (n=29) 1.8[1.2-2.3]
Picpus - Training Centre (n=143) 1.4[1.3-1.5]
Pitié-Salpétriére - UHC (n=39) 1.9[1.6-2.3]
Saint-Antoine - UHC (n=23) 1.7 [1.1-2.3]

University hospitals (n=274) 2.1[1.9-2.3]

Regional hospitals (n=172) 1.8[1.5-2.0]

9.0[8.9-9.2]
8.2[7.7-8.6]
9.2[8.9-9.5]
7.6[7.0-8.3]
9.1[8.8-9.4]
9.4[8.9-9.8]
9.3[9.1-9.5]
9.0[8.9-9.1]
8.7[8.4-9.1]
8.9[8.4-9.4]
9.0[8.9-9.2]
9.6[9.4-9.8]
7.7[6.6-8.8]
9.1[9.0-9.3]
8.8[8.6-9.0]

RHC: Regional Hospital Centre; UHC: University Hospital Centre.

Assessment of realism:

The simulator seemed realistic

The simulator is easy to use

Using the simulator enabled you to better understand the anatomy of the upper airways

Using the simulator enabled you to better understand how to properly collect a nasopharyngeal swab

Using the simulator enabled you to better understand how an “off track” swab is possible during sampling

Do you think healthcare professionals should train on this simulator before collecting swabs from patients?

Assessment of utility:

YYou will be more confident

You will be able to collect swabs more easily

You will cause patients less discomfort

Your swabs will be more reliable

Assessment of the study population who had al

Would you have liked to practice on this simulator before collecting your first swab from a patient?

The training you received before collecting your first swabs was inadequate

The simulator enabled you to improve your sampling technique

Individuals who have already

yngeal swab {
simulator to improve their technique

dy performed NPS collection:

from patients should train with this
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Fig. 2. Assessment of the simulator’s realism and utility in the total study population (n=589) and in those who had already performed NPS collection (n=270).

they thought necessary. At the end of the session, all participants
were invited to independently complete an original 16-item ques-
tionnaire in French assessing the simulator, either by free-field
responses or using a 5-point Likert scale. We developed this ques-
tionnaire in a multidisciplinary way, which was then tested at the
Strasbourg test center for validation. These questions focused on
the number of specimens needed before feeling comfortable with
the technique, feelings about the quality of future NPS, and overall
satisfaction. The questionnaire also requested socio-demographic

and professional data (age, profession, student status) and asked
about previous experience in simulation and possible prior experi-
ence with collecting NPS.

Collated data were processed anonymously, and the question-
naire included a form in which participants had to state that they
had no objection to data collection. The study was registered with
the French Data Protection Authority (French acronym CNIL, No.
2221408).The study was structured in accordance with the Helsinki
Declaration principles.
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Table 3
Assessment of the simulator based on professional categories, professional experience, and NPS collection experience.
Medical Paramedical P-value Medical and Medical and P-value NPS novices Persons with P-value
(n=244) (n=266) paramedical paramedical (n=319) NPS experience
students seniors (n=268)
(n=225) (n=272)
Mean age 28.5 34.7 <0.0001 23.6 38.5 <0.0001 31.8 33.1 <0.001
[27.2-29.8] [33.2-36.2] [22.9-24.2] [37.2-39.9] [30.4-33.3] [31.8-34.5]
Student
Yes 73% 18% <0.0001 NA NA 47% 33% <0.01
No 27% 77% NA NA 51% 64%
Simulation experience
Yes 68% 48% <0.001 67% 52% <0.001 47% 62% <0.001
No 30% 44% 29% 43% 47% 32%
NPS experience (COVID-19 or other infective
agents)
Yes 48% 56% 0.08 39% 63% <0.0001 NA NA
No 52% 44% 61% 37% NA NA
The simulator n=244 n=266 n=225 n=272 n=319 n=268
Seemed realistic 4.6 [4.5-4.7] 4.5 [4.4-4.6] 0.25 4.6 [4.5-4.7] 4.5 [4.4-4.6] 0.71 4.6 [4.5-4.6] 4.5 [4.4-4.6] 0.39
Was easy to use 4.7 [4.6-4.7] 4.6 [4.6-4.7] 0.90 4.7 [4.6-4.7] 4.7 [4.6-4.7} 0.72 4.7 [4.6-4.7] 4.6 [4.5-4.7] 0.50
Enabled you to better understand the 4.4 [4.3-4.5] 4.6 [4.5-4.6] 0.005 4.5 [4.4-4.6] 4.4 [4.3-4.5] 0.69 4.6 [4.6-4.7] 4.3 [4.2-44] <0.0001
anatomy of the upper airways
Enabled you to better understand how to 4.6 [4.5-4.7] 4.7 [4.6-4.7] 0.11 4.7 [4.6-4.8] 4.6 [4.5-4.7] 0.18 4.8 [4.7-4.8] 4.5[4.4-4.6] <0.0001
properly collect NPS
Enabled you to better understand how an 4.4 [4.3-4.5] 4.5 [4.4-4.6] 0.52 4.5 [4.4-4.6] 4.4[4.3-4.5] 0.21 4.6 [4.6-4.7] 4.3 [4.2-4.4] <0.0001
“off track” swab is possible during sampling
Do you think it necessary to train with this 4.5 [4.4-4.6] 4.6 [4.5-4.7] 0.002 4.6 [4.5-4.7] 4.5 [4.4-4.6] 0.71 4.8 [4.7-4.8] 4.4 [4.3-4.5] <0.0001
simulator before collecting NPS in patients?
When collecting swabs in the future, do you n=244 n=266 n=225 n=272 n=319 n=268
think that thanks to this simulator
You will be more confident? 4.4 [4.3-4.5] 4.4 [4.3-4.5] 0.08 4.5 [4.4-4.5] 4.4 [4.3-4.5] 0.75 4.6 [4.5-4.6] 4.3 [4.1-44] <0.0001
You will be able to collect swabs more 4.3 [4.2-4.4] 4.4 [4.3-4.5] 0.08 4.4 [4.3-4.5] 4.3 [4.2-4.4] 0.78 4.5 [4.4-4.5] 4.2 [4.1-4.3] <0.01
easily?
You will cause patients less discomfort? 3.9[3.7-4.0] 4.0[3.9-4.1] 0.05 4.0[3.9-4.1] 3.9[3.7-4.0] 0.12 42[41-4.2] 3.8[3.6-3.9] <0.0001
Your swabs will be more reliable? 4.3 [4.2-4.4] 4.4 [4.3-4.5] 0.22 4.4 [4.4-4.5] 4.3 [4.2-4.4] 0.16 4.5 [4.4-4.6] 4.2 [4.1-4.3] <0.01
If you have already performed NPS collection n=118 n=149 n=87 n=172 n=268
Would you have liked to practice on this 4.6 [4.5-4.8] 4.7 [4.6-4.8] 0.39 4.7 [4.5-4.8] 4.6 [4.5-4.7] 0.62 NA 4.6 [4.6-4.7] NA
simulator before collecting your first NPS from
a patient?
The training you received before collecting 3.4[3.2-3.6] 3.9[3.7-4.1] <0.001 3.4[3.1-3.7] 3.8[3.6-4.0] 0.02 NA 3.7 [3.5-3.8] NA
your first NPS was inadequate
The simulator enabled you to improve your 4.1[3.9-4.2] 4.3 [4.1-4.4] 0.11 4.1 [3.9-4.4] 4.2 [4.1-4.4] 0.27 NA 4.2 [4.0-4.3] NA
sampling technique
Individuals who have already collected NPS 4.4 [4.2-4.5] 4.5 [4.3-4.6] 0.52 4.3 [4.1-4.5] 4.4 [4.3-4.6] 0.17 NA 4.4 [4.3-4.5] NA
from patients should train on this simulator to
improve their technique.
How many times did you need to collect a 2.1[1.9-2.2] 1.7 [1.5-1.9] <0.0001 2.0[1.8-2.2] 1.8[1.6-2.0] 0.03 1.9[1.8-2.1] 1.7 [1.6-1.8] 0.02
simulated NPS on the manikin before feeling at
ease?
Overall satisfaction (mean/10) 9.0 [8.9-9.2] 9.0 [8.8-9.1] 0.87 9.1[9.0-9.3] 8.9[8.7-9.1] 0.03 9.2[9.1-9.3] 8.8 [8.6-9.0] <0.01

Two-tailed Mann-Whitney-Wilcoxon test. x2 test with Yates correction.
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2.4. Statistical analysis

Data were initially analyzed descriptively as a percentage or
mean estimation with 95% confidence interval. Statistical analyses
were then carried out using the R statistics program version 4.0.3.
To compare qualitative variables, we carried out two-tailed x? tests
with Yates’ correction (or Fisher’s exact tests for small size sam-
ples). To compare quantitative variables, we applied a two-tailed
Mann-Whitney-Wilcoxon test. The difference was considered sig-
nificant if P<0.05.

3. Results

During the study period, a total of 589 participants tested
the simulator and answered the questionnaire. The study pop-
ulation consisted of 244 (41.4%) medical caregivers (physicians
and medical students, midwives), 266 (45.2%) paramedical care-
givers (nurses, auxiliary nurses, paramedics, medical regulatory
assistants, psychologists, physical therapists, firemen, rescuers,
laboratory technicians and students in all these different cate-
gories), and 79 (13.4%) persons not belonging to these professional
categories (Table 1). There were 238 (40.4%) students. Lastly, 318
(54.0%) persons already had some experience in simulation and 270
(45.8%) prior experience with NPS collection.

The mean number of NPS conducted on the simulator for the
operator to feel at ease was 1.8 [1.7-1.9]. Overall satisfaction was
9.0 [8.9-9.1] using a 0-10 scale. These results were similar in all
study centers (Table 2).

Of the entire study population (Fig. 2), 95% (n=558) agreed
or strongly agreed that the simulator was realistic, 97% (n=573)
that it was easy to use, 89% (n=527) that it led to a better under-
standing of the upper airway anatomy, 93% (n=550) to a better
understanding of proper NPS collection, 88% (n=516) to a better
understanding of the risk of going “off track”, and 93% (n=547)
that it was necessary to train with this simulator before collect-
ing NPS in patients. Furthermore, 90% (n=529) agreed or strongly
agreed that the simulator made them more confident, 88% (n=521)
that future NPS would be easier, 70% (n=415) that they would be
less painful for patients and 72% (n=516) that they would be more
reliable.

Of those participants who had performed NPS in the past
(n=270), 89% (n=239) agreed or strongly agreed that they would
have benefited from training on this simulator before collecting
their first NPS, 59% (n=158) that their initial training had been
inadequate, 73% (n=198) that the simulator improved the sampling
technique, and 82% (n=221) that training was necessary even for
those who had already collected NPS.

Table 3 compares results between medical and paramedical
staff, between students and seniors, and between NPS novices and
more experienced participants. Satisfaction scores were high in all
groups, irrespective of the category.

4. Discussion

Our study shows that the NPS simulator was rated as being very
realistic and easy to use by users. Most of the study population
thought that the simulator was beneficial as a teaching aid. Sat-
isfaction scores were high in all categories, whether users were
members of the medical or paramedical staff, students or senior,
NPS novices or more experienced.

[llustrations and videos have been published with the aim of
training people to perform NPS collection [20,21]. Use of simu-
lation has also engaged other teams. Chee et al. [26] assessed an
NPS simulator manufactured as a 3D reconstruction of the nose. All
23 participants felt more confident after the exercise but reckoned
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that the simulator did not allow for a good understanding of the
nasopharynx position (only 38% of participants reported being sat-
isfied, whereas 89% were satisfied with our simulator). Mark et al.
[27] also tested the utility of learning sessions on a Laerdal Airway
Management Trainer® manikin with 46 nurses. NPS were collected
under the supervision of an ENT specialist who explained to the
nurses how to angle the swab and reach the optimal depth. Self-
assessment scores on sample quality were boosted by 1.4 points
(95% CI, 1.1-1.7), rising from 3.1 to 4.5 (P<0.0001) on a five-item
Likert scale. Nevertheless, checking that the swab was anatomi-
cally in the right place was not possible. Boscolo Nata et al. [28] had
accordingly suggested that it could be beneficial to use a simulator
which could be opened on the midline, thus enabling better visu-
alization of the anatomy of the nasopharynx and targeting zone to
be reached: this is precisely what our simulator allows [25]. More-
over, coloration of the swab by the blotting paper positioned in the
nasopharynx even provides immediate feedback to users on the
specimen quality.

Use of anasal fiberscope for precise collection of nasopharyngeal
secretions has also been suggested [29]. Although highly precise,
nasal fiberscopy comes with significant constraints in terms of
allotted cost, time, and means. Our simulator, for which 3D print
files are available free of charge online, was devised in two ver-
sions so that it could be readily and freely shared worldwide: a
very realistic multi-material model and a mono-material model.
The first model, as evaluated above, is more realistic as it is com-
posed of several materials which enable the flexibility of different
landmarks and tissues to be mimicked. The second model, currently
under evaluation, is less costly as it is made from a single type of
plastic and printed at a lower resolution. It can be manufactured
on a non-professional 3D printer using FDM technology or even at
home [25].

The strength of our study is its large, multicenter study pop-
ulation which also includes various subpopulations of interest.
The questionnaire also enables several aspects of the simula-
tor to be assessed both in terms of realism and of teaching
utility.

This questionnaire nonetheless remains subjective and does
not provide real assessment of the clinical impact of the simula-
tor. Moreover, we did not assess the number of samples properly
collected using the color pad. Instead, participants were asked to
answer the question about the number of swabs needed to feel at
ease with the procedure. A study comparing the sensitivity of NPS
collected, along with the incidence of pain and/or inferior turbinate
injuries before and after simulator training is desirable. It should
also be noted that the simulator reproduces a normal anatomy
and is therefore less adapted for individuals with a deviated nasal
septum or hypertrophied inferior turbinate.

Three studies also showed the utility of anterior self-collected
specimens (tongue, nose, or middle turbinate) in the diagnosis of
COVID-19 [30-32]. Our simulator could also be used by patients
wishing to learn how to self-collect.

5. Conclusion

To improve the sensitivity of NPS collection performed in the
context of COVID-19, we developed a 3D nasopharyngeal simulator
which is realistic, educational, and easy to use. It should enhance
virus detection and thus contribute to a better pandemic control.
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