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The risk of face seal leak while using N-95 respirators is experienced by health workers and thus failing fit test are
quite common. Finding solutions to overcome face seal leaks is crucial; one of which is by sealing the N-95
respirator. The seal used in this research was Tegaderm® a transparent film dressing or a plastic tape which is
known to have the advantages of strong adhesion, high level of pore density and standardized medical grade.
This study tries to determine the effectiveness of plastic tape adhesive on the N-95 type 1860 respirator in
overcoming face seal leak qualitative fit test using Bitrex immediately after being worn and after 4 h of using it.
The study used a quantitative approach with an incidence study design conducted pre and post experimental
without comparison to see the effectiveness of plastic tape sealing. The subjects for the research were 81 health
workers in the CMH environment who were at risk of being exposed to COVID-19. The study found a significant
difference in the Bitrex fit test immediately after sealing the N-95 type 1860 respirator with plastic tape; 100%
passed the fit test immediately after sealing, and 64.2% passed the fit test after 4 h of working. The effectiveness
of sealing using plastic tape is considered to be quite good to overcome face seal leak on the N-95 type 1860

respirator. Health care workers need to be more vigilance to ensure better face seal.

1. Introduction

The COVID-19 pandemic has resulted in scarcity of personal pro-
tective equipment for health care workers (HCWs) eventhough it is
critical for their safety. Some medical procedure especially in aerosol
generating procedure, require its users the respiratory protection against
the aerosol borne diseases like COVID-19. World Health Organisation
(WHO) and Centers for Disease Control and Prevention (CDC) recom-
mend the use of N95 respirators certified by National Institute for
Occupational Safety and Health (NIOSH) for the health care workers
dealing with patient suspected with aerosol borne diseases [1]. How-
ever, according to Pilot Study by Wardhan [2] et al. approximately 30%
of HCWs fail the qualitative fit test (QLFT) for N-95, thus making them at
risk of infection transmission. The lack of seal increases exposure to
aerosolized droplets as for respirators, it enters through breaks in the
face seal, suggesting that better mask to face seal should be achieved to
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improve the efficacy of the filter medium [3].

The face seal leak problem has been the subject of research over the
past decade. Recently qualitative fit test (QLTF) of the N-95 respirators
at the University of Florida which was performed during the COVID-19
pandemic showed that 68% of HCWs who previously failed QLTF with
their first choice respirators passed the retest with 3 M N-95 respirators
type 1860 and 1860S modified with adhesive along the perimeter of the
respirator [2].

In a previous pilot study by the author, HCWs who failed the quali-
tative saccharin fit test was retested with modification of medical grade
adhesive (hypafix®) to seal the entire edge of the respirator. It was
found that 60% of HCWs who used the respirator with adhesive modi-
fication passed the retest and none of the medical grade adhesive had
been tested for sealing respirators. In this study we used Tegaderm®
(plastic tape) is because it is widely available in various health services,
is easy to use, has a stronger bond, has more density and is more water
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resistant when compared to other types of adhesives. We hypothesized
that plastic tape as an adhesive seal along the edges of a respirator will
improve its effectiveness.

This study aims to inform all health care workers about the impor-
tance to use N-95 respirators properly and correctly, as well as the
awareness of the risk of face seal leak in the use of N-95 respirators
which can endanger health workers.

2. Methods

This study try to look upon a solutions for health care worker who
previously failed respirator fit tests with 3 M N-95 respirators type 1860
by sealing N-95 respirators with medical grade transparent film dressing
(Tegaderm). A pilot study with a modification of 3 M N-95 respirators
type 1860 sealed with other medical grade adhesive (Hypafix) was done
earlier to test the efficacy of medical tape in achieving a better face seal.
This experimental study aims to analyze the effect of plastic tape to seal
respirator to face immediately after the Bitrex fit test and perform a
follow up analysis 4 h post-activity. The study was conducted at the
ENT-Head and Neck specialist clinic, Inpatient Care Building and Kiara
(COVID Care Unit) Cipto Mangunkusumo Hospital. The study started
after passing the ethical review (KET-171/UN2.F1/ETI/PPM.February
00, 2021) from the committee for Medical Research Ethics/Health
FMUI/Cipto Mangunkusumo. The study was carried out for 6 months
(February—July 2021). In this study, the sample size was observed using
non-probability sampling with consecutive sampling method.

The target population in this study were the medical officers at Cipto
Mangunkusumo Hospital who used N-95 type 1860 respirators. Each
participant who failed the fit test with Bitrex was retested using modi-
fication of respirator with adhesive plastic tape, a transparent medical
dressing made of a thin polyurethane membrane coated with an acrylic
adhesive layer (Tegaderm; 3 M) which was adhered around the N-95
type 1860 respirator. The adhesive sealing tape was cut in 3 x 6 cm size
and sealed around gap between face and respirator. The sealing was
done by overlapping the ends of the plastic tape around the perimeter of
respirator (Fig. 1).

For the Qualitative Fit Test (QLTF), we used the Bitrex 3 M Quali-
tative Fit test Apparatus FT-3) solution aerosol protocol as described by
the Occupational Safety and Health Administration of United States of
America. When using the respirators, the participants were exposed to
the injection of aerosol solution of Bitrex under the hood and were
instructed to perform several activities such as: breathing normally,
deep breathing, turning head side to side, moving head up and down,
and reading one paragraph of a reading text (Fig. 2). Participants were
considered to pass the fit test if they did not detect a bitter taste at any
time during the test. The respirator used by the participants who passed
the fit test was considered adequate to give respiratory protection to its
users. The Bitrex fit test was repeated after the subjects had used the
sealed respirator under normal activities during their work in ward or
clinic for 4 h.

2.1. Statistical analysis

Statistical data management was performed by SPSS (Statistical
Package for Social Sciences) version 20.0 software. Continous data from
the demographic data were summarized using mean and standard de-
viation (SD), whereas the categorical data were listed using percentages.

Fig. 1. Medical grade plastic tape attached around the perimeter of N-95
tipe 1860.
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Chi-square test was performed to see the difference in proportions and
the relationship between the independent variable and the dependent
variable as well as to identify significant variables. Linear regression test
was used to determine the association of the independent variables and
to identify the most influential dependent variable.

3. Results

From a total of 92 subjects, 11 participants were excluded from the
study because the participants had passed the fit test; thus, they were not
eligible to go through the next part of the study which assess the efficacy
of modified adhesive respirator to seal the mask for health care workers
whose previously failed the fit test. Eighty one participants were retested
using N-95 respirator type 1860 sealed with plastic tape (Fig. 3). The
following list is the characteristics of the research subjects (Table 1).

All the 81 participants (100%) who failed the fit test immediately
passed the repeated fit test using the modified N95 sealed with plastic
tape adhesive (MAR). After the participants used the modified adhesive
respirator sealed with plastic tape adhesive for 4 h under normal
working condition, 52 participants (64.2%) still passed the fit test
(Table 2).

No significant correlations were found between gender, age group,
type of work and the use of modified adhesive respirators for 4 h (P =
0,056; P =0.762; P = 0.196) (Table 3). However, interestingly bivariate
analysis revealed a significant difference between workplace variations
in Kiara (COVID-care Unit) and fit test results of participant after 4 h use
of modified adhesive respirator (P = 0.001; RR = 3.81) (Table 3).

To further examine the data obtained from the results of bivariate
analysis, the variables with P value < 0.25 (gender, type of work and
workplace in Kiara) were analyzed using multivariate analysis using the
Backward LR Logistics Regression test. The results of multivariate
analysis using Logistics Regression Backward LR method found that the
workplace in Kiara had the most significant influence on the fit test
failing rate of participant using modified adhesive respirator for 4 h after
being analyzed simultaneously with other risk factors (Table 4). Par-
ticipants who work in Kiara (COVID-Care Unit) risk of failing fit test
after using the modified adhesive respirator 14.70 times the incidence of
participants in the outpatient clinic.

4. Discussions

The risk of facial seal leakage in the use of Personal Protective
Equipment (PPE), especially in the use of N-95 respirators, should be
known and anticipated in the current COVID-19 pandemic era. The in-
compatibility of the shape of the respirator to the user’s face will
significantly affect the incidence of leakage of the respirator use [4,5].
The existence of a fit test procedure will be extremely helpful in
detecting any leaks in the use of the respirator in question before being
used in an infectious environment. In this study, we used the N-95
respirator type 1860 because this type of respirator was the only type of
N-95 respirator with medical grade standards by NIOSH which was
widely available in the Cipto Mangunkusumo General Hospital envi-
ronment. This respirator has a layer to protect the wearer to prevent
transmission of infection through droplets and splashes of blood or other
liquid substances. In addition, it also serves to reduce aerosol exposure
when the Aerosol Generating Procedure (AGP) is carried out. The aim of
this study is to find a solution to meet the standard safety requirements
for health workers, especially at the Cipto Mangunkusumo General
Hospital environment to ensure the health care workers feel safer at
work, particularly in the current pandemic era.

Every year many health workers failed the qualitative fit test, making
them more vulnerable to the risk of face seal leakage. In N-95 respira-
tors, most of the particles enter through the gap between the respirator
and the face, this indicates that the importance of the density of the use
of the respirator to the face is as important as increasing the effective-
ness of the respirator’s filtration [6].
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Fig. 2. Fit test Procedure.
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Fig. 3. Flow diagram of sample recruitment.

The research participants were 92 health workers who agreed to
perform a Bitrex Qualitative Fit test. It was found that from the total of
92 participants, 81 participants failed the test using the chosen N-95
respirator (3 M 1860 respirator). All the participants who failed the fit
test was retested using a modified adhesive respirator (3 M, 1860
respirator sealed with Tegaderm® film dressing) and evaluated after 4 h
of use under normal working condition. The sex distribution of the
subjects in this study were mostly female as many as 68 subjects and
male as many as 13 subjects. This was also found in a previous study by
Wardhan et al. [2] who stated that in their study using a modified
method of attaching N-95 respirators to the face using two-sided adhe-
sive adhesives, 89% of the study population were women. This also
supports the propose risk of facial seal leak in women due to the use of
cosmetics and a lot of talking. The age grouping of health workers who
became the research subjects was divided into 2 groups based on

Table 1
Characteristics of subjects based on gender, age group, age, type of work,
workplace, and symptoms of Ageusia.

Characteristics of Subjects Fail Fit Test Percentage
Gender
Male 13 16
Female 68 84
Age group
21-40 years 68 83,9
41-55 years 13 16,1
Type of work
Nurse 69 85,2
Intern 1 1,2
Doctor 11 13,6
Workplace
ENT Specialist Clinic 9 11,1
Inpatient Care Unit 46 56,8
Kiara (COVID-care unit) 26 32,1
Ageusia symptom
Ageusia 0 0
Non-ageusia 81 100
Table 2
Modified adhesive respirator (MAR) fit test results (n = 81).
Fit Test Results Frequency Percentage
Immediately after using MAR
Fail 0 0,0
Pass 81 100,0
4 h using MAR
Fail 29 35,8
Pass 52 64,2

Reksodiputro M.H [7] who stated that changes in skin structure at the
age of 40 years are mainly due to hormonal changes, thus underlie the
division of age groups into age groups 20-40 years and 41-55 years.
The next variable is the type of work which was dominated by 69
nurses, 11 doctors and 1 student. This is in accordance with Al Thobaity
A and Alshammari F33, who explained that the majority of health
workers consisted of nurses who were sent to emergency hospitals
during the COVID-19 pandemic. The workplace is dominated by subjects
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Table 3
Bivariate Analysis of Risk Factors and Fit Test Results of Participant using
Modified Respirator with Plastic Tape Seal after 4 Hours.

Risk factors Fit Test Result p RR 95% CI
Fail Pass Low High
Gender 0,056 1,99 1,05 3,78
Male 8 5
Female 21 47
Age group 0,762 0,84 0,35 1,64
21-40 years 25 43
41-54 years 4 9
Type of job *) 0,196 2,35 0,77 7.17
Nurse 27 42
Intern/Doctor 2 10
workplace *)
Kiara (COVID-care unit) 22 4
Inpatient Care Unit 5 41 0,001** 3,81 1,79 8,09
ENT Specialist clinic*** 2 7 0,321 0,49 0,11 2,19

Chi Square *) Fisher Exact **) p < 0,05. ***) Reference.

Table 4
Risk Factors Affecting Fit Test Failure of Participant using Modified Adhesive
Respirator for 4 h.

Risk Variabile Beta P Value OR 95% CI
Low High
Kiara ward 2,69 0,000 14,70 4,77 45,33
Konstanta —4,14
Table 5

Probability of Failing Fit Test using Modified Adhesive Respi-
rator for 4 h.

Site Probabilities
ENT Specialist clinic 1,57%
Inpatient Care Unit 19,00%
Kiara (Covid-care Unit) 77,56%

It can be seen from Table 5, that the probability of failing fit test
after using the of the modified adhesive respirator for 4 h ac-
cording to workplace (ENT Specialist clinic, Inpatient Care
Unit, and Kiara (COVID-Care Unit) are 1.57%, 19,00%, and
77.56%, respectively.

who worked in the Inpatient Building A as many as 46 subjects, Kiara 26
subjects and the Outpatient clinic as many as 9 subjects. This is done to
maintain the safety of researchers and subjects, namely in the green zone
where health workers used the N-95 type 1860 respirator in accordance
with the recommendations issued by the Hospital Infection Prevention
and Control Program at the CMGH.

All research subjects showed excellent results by showing a 100%
success rate when evaluating the fit test was evaluated immediately after
sealing. Subjects who had been declared not leaking, continued with the
use of respirators that had been sealed for 4 h with daily work activities.
This is based on the recommendation from WHO [8], which states that
the use of an N-95 respirator for more than 4 h will cause discomfort to
the user and should be avoided. The observation of the fit test after 4 h of
use resulted in the majority of the subjects having no leakage (64.2%).
This is similar to the outcome of a research by Wardhan et al. [2] which
stated that the modified N-95 respirator with double-sided adhesive on
the inner side of the respirator resulted in observations of 68% of sub-
jects not leaking on the fit test shortly after gluing. Although respirators
generally adhere strongly to the face, after using them for a while the
attachment can be disrupted. Several factors, including physical activ-
ity, breathing rate, and body and head movements can affect the entry of
particles through the gap between the respirator and the face [5]. Some
studies also show that N-95 respirators fail to protect health workers
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when undergoing strenuous activities such as lifting heavy weights,
running, and performing cardiopulmonary compression [9,10].

In Table 3, bivariate analysis of risk factors and N-95 respirator
leakage after 4 h of sealing in Kiara was 3.81 times more compared to
the leakage at outpatient clinic with a p value of 0.001. This is because
when the researcher made the observations, the conditions of the room
at Kiara were filled with COVID-19 patients with variations ranging
from moderate to severe symptoms compared to working conditions at
the outpatient clinic where the patient had milder symptom. In addition,
researchers observed that the clothes worn can affect health workers at
Kiara. These health workers wore hazmats made of synthetic materials
with waterproof film-coated fabrics starting from levels 2 and 3, this can
affect the health workers to sweat more than the health workers in ward
Building A and outpatient clinic who wore hospital uniforms for nurses.
and added cloth robes for doctors so that there is less sweat formation.
Also, the temperature at Kiara’s ward ranges from 17 to 25° Celsius with
a humidity of 45-71%. The temperature in the Inpatient Room Building
A ranged from 23 to 27° Celsius with a humidity of 35-57%. The tem-
perature in the outpatient clinic ranged from 23 to 27° celsius with a
humidity of 55-62%; thus it can affect a person’s sweat production [11].

The use of plastic tape in this study has never been used in other
studies, but in the preliminary study used another type of adhesive made
from non-woven polyester (hypafix®). In the study, it was said that out
of 100 subjects, there were 86 subjects who had leaks in the saccharin fit
test with various types of N-95 respirators. Furthermore, sealing using
hypafix around the N-95 respirator was carried out and a re-fit test was
performed which resulted in a success rate of overcoming the leak up to
67%.

This study has added benefit for the health woven which can be seen
from the success rate of sealing the N-95 type 1860 respirator in subjects
who experienced a leak through a fit test which reached 100%. In
addition, it can also be used as a solution to overcome leakage in 4 h of
use in a workplace that was humid, such as the Outpatient clinic and
Ward Building A. Especially for the use at Kiara, this type of adhesive
could still be used with a note that the subject should pay more attention
to the adhesiveness of this plastic tape seal so that it can still prevent
leakage from the use of the N-95 respirator used.

The most important limitation in this study is none of the sealing
technique for respirators had been standardized and validated before.
No studies have tested the prototypes of modified mask with any ad-
hesives. The modifications made may not be adequate to protect its user
because these respirators and adhesives have not gone through a series
of vigorous tests as a comercial respirator would. Several respirators
have used new technologies to overcome face seal leak problem such as
Novel FitsSeal adhesion technology by Wein Products (Los Angeles, CA)
and FaceSeal Technologies (Toronto, Canada) which have products
available in the market. Another limitation is that this study only uses a
qualitative fit test Bitrex solutions; therefore, it can only detect the
presence or absence of the subject’s bitter taste ability and cannot
distinguish if the subject has abnormalities in taste buds such as hypo-
geusia. Given the relatively small number of health care workers
recruited due to scarcity of resources, caution must be exercised.

Respirator fit test is important for the safety of health care worker.
Respirator only can provide respiratory protection to its user when used
properly, which means no face-seal leakage is detected while using it
under the fit test. The face-seal leakage largely contributes to the
penetration of particles through respirator and could provide protection.
Education about the importance of fit test and routine inspections needs
to be carried out to identify and anticipate face-seal leaks, thus, could
overcome the face-seal leak problem in the use of N-95 respirators. This
would hopefully prevent transmission of COVID-19 to the health care
workers. Frequent checks are required to ensure that the adhesives and
respirators are still intact, especially in workplace with high workload
and places where there is a higher occurrence of sweating. Further
studies need to be conducted to determine the effectiveness of the use of
plastic tape seals around the N-95 respirator to seal respirator to face
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when healthcare workers use it for more than 4 h in outpatient clinic or
ward which was identified in this study as the place with less face-seal
leakage incidents. Further works will need to be performed on what
factors can affect respirator modification success in those working
environment.

Further investigations need to be carried out to find suitable type of
N-95 respirator and other forms of adhesive to overcome face seal leak
problem in health care workers who works more than 4 h in an envi-
ronment that was identified in this study as place with higher incident of
face-seal leak. It is necessary for the hospital to encourage the respira-
tory protection program to provide a place to conduct fit test on a reg-
ular basis in high-risk places.

5. Conclusions

Although there is a need for sealing techniques for respirators had
been standardized and validated before, the plastic tape had consider-
able effectiveness in sealing to overcome face seal leak on the N-95 type
1860 respirator.
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