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ABSTRACT

N95 respirators and safety goggles are important components of personal protective equipment to reduce the spread of airborne infections,
such as COVID-19, among healthcare workers. Poor N95 respirator seal may reduce its protective effect, thereby increasing transmission.
Quantitative fit testing is an established way of assessing the N95 respirator fit, which provides a quantitative measure for seal, called the fit
factor. Duckbill N95 respirators frequently fail the fit test. We hypothesized that using safety goggles with a wraparound elastic headband will
increase their fit-factor by reinforcing the seal between the face and the upper margin of the respirator. We studied the effect of safety goggles
with a wraparound elastic headband (3M™ Chemical Splash Resistant Goggles, ID 70006982741) on the fit factor of two types of Duckbill N95
respirators (Halyard FLUIDSHIELD*3, Model 99SA070M, and ProShield® N95 Model TNO1-11) in 63 healthy volunteers in a nonrandomized,
before-and-after intervention study design. The mean fit factor increased from 69.4 to 169.1 increased from 17/63 (27%) to 46/63 (73%) after
the intervention (p <0.0001, OR 3 [95% Cl = 4.9-1223]). This is the first study to explore the impact of safety goggles on N95 respirator fit. We
conclude that the use of safety goggles with a wraparound elastic headband increases the fit factor of the tested Duckbill N95 respirators.
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INTRODUCTION

N95 respirators are an essential component of personal protective
equipment (PPE) for healthcare workers (HCW) looking after
patients with infections with a droplet or airborne transmission, like
COVID-19. However, the N95 respirator can protect the user only if
thereisan adequate seal between the respirator and the user’s face.

During the COVID pandemic, the availability of the N95
respirators has been overwhelmed by demand, particularly in
developing countries.? Poorly fitting N95 respirators offer little
or no protection to the HCW exposing themselves to potentially
high inoculum of infectious viruses while performing high-risk
procedures like endotracheal intubation.? Indeed, HCW have been
disproportionately affected by acquiring infection in their line of
work.*® The importance of a good seal between the face and the
N95 respirator in preventing the transmission of infection to the
HCW cannot be emphasized enough.

The “user seal check” is recommended by most N95 respirator
manufacturers to self-determine aleak.® The user seal check is done
by inhaling and exhaling sharply and observing for air leaks around
the nose and respirator edges. The user seal check, however, has
poor sensitivity in detecting leaks around the respirator and there
is no other widely available point-of-care test for determining the
adequate fit of the N95 respirator.®”

Fit testing, e.g., using a quantitative fit test (QnFT), is
recommended to determine the best-fitting respirator.5%° In
developing countries, however, QnFTis not commonly performed.

Duckbill N95 respirators are commonly used worldwide but may
be associated with a high failure rate during QnFT.'° A typical site
for the leakis between the nasal and maxillary region, asillustrated
in Figure 1B.M12

Eye protection (for example, goggles or a face shield) is a
mandatory component for airborne precautions in PPE.'>"13
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Safety goggles with a wraparound elastic headband, as shown
in Figures 1B and 2 are widely available. The lower margin of the
safety goggles presses the upper margin of the respirator against
the face, which may improve the seal.

Our study aims to test the hypothesis that the fit factor (FF) of
Duckbill N95 respirators, as measured by quantitative fit testing,
may be improved using safety goggles with a wraparound elastic
headband.

MATERIALS AND METHODS
Participants

All HCW were eligible to participate in the study. Men with beard
and HCW with hypersensitivity to isopropyl alcohol or nebulized
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Figs 1A and B: (A) Common site for leaks for N95 respirators; (B) Safety goggles with headband presses the respirator against the skin to seal the
gap that results in a leak. The sampling port in the respirator used for QnFt with PortaCount is also shown

Margin of eyeglasses pressed Wrap-around elastic

the N95 respirator against the face headband

Fig. 2: 3M™ chemical splash-resistant goggles (3M™ ID 70006982741
Australian standard AS/NZS 1337)

saline were excluded. Male participants were required to have
shaved on the day of testing. The participants were a convenience
sample consisting primarily of nurses and medical officers working
at the Prince of Wales Hospital in Sydney. The data were collected
between October and December 2020.

Study Design

We used a before-and-after study design. QnFT was done before
and after the application of safety goggles. The study method
is outlined in Flowchart 1. Once both QnFT were complete, the
participants completed a survey about the physical discomfort with
the N95 respirators and the addition of safety goggles.

Choice of Respirators

Participants were tested with one of two Duckbill N95 respirators,
which are in common use in the healthcare setting: Halyard
FLUIDSHIELD* 3 N95 Duckbill respirator (model number 99SA070M,
CDC approval number 84A-3348) or the ProShield® N95 Duckbill
respirator (BSN Medical Australia, model number TNO1-11, CDC
approval number 84A-3348).'° The allocation of masks was not
randomized. Participants were given the respirators based on the
availability in the area in the hospital where they worked.
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Flowchart 1: Study pathway

‘ Respirator donned by participant ‘

v

I Satisfactory user seal check ‘

v

QnFT OSHA 29 CFR
1910.134 protocol

v

Safety goggles with elastic
handband applied

Participant allowed to readjust
respirator if required

QnFT repeated

Comfort survey

Choice of Safety Goggles

In this study, 3M™ Chemical Splash-Resistant Goggles (3M™
ID 70006982741 Australian standard AS/NZS 1337), as shown in
Figure 2, were used. These safety goggles have a soft circumferential
lip around the eyeglasses, pressing the N95 respirator against
the face. There is a wide elastic wraparound headband, which
keeps the safety goggles pressed against the respirator and face.

Quantitative Fit Test Equipment

The QnFT was done using PortaCount Respirator Fit Tester 8048
(TSI Incorporated, Shoreview, Minnesota, USA 55126), as shown
in Figure 3. It uses a continuous flow condensation nuclei counter
technology to count the number of particles detected outside and
inside the respirator. The air is pumped across a filter saturated
with isopropyl alcohol. As the aerosolized particles pass through,
they increase in size due to the condensation of isopropyl alcohol
on the surface. The particles scatter light when it passes through a
focused beam of laser. The number of particles is determined by a
photodiode by counting the flashes of scattered light. The particles
may be any aerosol in ambient air, larger than approximately
0.015 microns. The respirator is probed using a special metallic
tube to sample the air inside the respirator, as shown in Figure 1B,




Fit Factor Change of Duckbill N95 Respirators with the Use of Safety Goggles

Alcohol
cartridge

Twin-tube
sampling hose

Fig. 3: PortaCount Respiratory Fit Tester 8048 condensation nuclei
counter unit. Published with permission from airmet.com.au (Air-Met
Scientific Pty Ltd. Nunawading, Victoria 3131, Australia)

Box 1: OHSA 29 CFR 1910.134 Quantitative fit-test protocol

1. ff1: normal breathing 60 seconds

2. ff2: deep breathing 60 seconds

3. ff3: move head from side to side 60 seconds
4. ff4: move head up and down 60 seconds

5. ff5: read the “rainbow passage” 60 seconds
6. ff6: bend forward 60 seconds

7. ff7: normal breathing 60 seconds

panel B. Since the microscopic particles in the air cannot pass
through the material of the N95 respirators, it is assumed that the
particles measured inside the respirator must have reached there
due to the leak.” If the ambient air particle count was below the
threshold for N95 respirator fit testing, TSI Model 8026 particle
generator was used. The OSHA 29 CFR 1910.134 QnFT protocol was
used for testing.'”® According to the protocol, the participants
performed a series of activities for 60 seconds each, as outlined
in Box 1. Dividing the number of particles measured outside
the respirator by the number of particles measured inside the
respirator yielded the FF for each activity. Once all the activities
were complete, overall FF was calculated for the respirator using
the equation as shown in Equation 1."° Higher FF indicates a low
concentration of particles inside the respirator and, therefore, a
better seal. An overall FF >100 is considered an adequate seal for
the N95 respirators.2°

FF >100 was categorized as “pass” and FF <100 was categorized
as “fail.” If FF was more than 200, the PortaCount assigned an FF
of >200, i.e., and higher values were truncated.

7
1 1 1 1 1 1 1
— ettt —+—+—
ff1 ff2 ff3 ffa ff5 ffo ff7

Overall FF =

Eq. 1: Overall fit factor (FF) calculation using Quantitative Fit Test.
ff1—fit factor normal breathing, ff2—deep breathing, ff3—head
side to side, ffA—head up and down, ff5—reading aloud, ff6—
bending over, and ff7—normal breathing again
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Table 1: Characteristics of the participants

Parameters Results
Number of participants 63
Number of male (%) 26 (41%)
Median age in years (IQR) 31.0(9.2)
BMI (SD) 24.7 (3.8)
Number of participants with BMI >30 8 (13%)

IQR, interquartile range; BMI, body mass index; PPE,
personal protective equipment

Quantitative Fit Test Procedure

For this study, the N95 respirator was prepared for QnFT by inserting
an adapter for the PortaCount sampling port as shown in Figure 1B.
The study participants donned the respirator and then performed
a USCas per the manufacturers’ recommendation. The PortaCount
adapter was occluded while the participant did the user seal
check. The PortaCount sampling port was then attached to the
NO95 respirator, and the QnFT was completed as per the protocol
outlined above. The participant then donned the safety goggles.
The participants could adjust the respirator before applying
the safety goggles. QnFT was then repeated, and overall FF was
calculated again.

Statistical Analysis

Our null hypothesis is that the use of safety goggles does not
improve the number of participants who pass the QnFT.

With PortaCount 8048, the numerical data on FF are truncated
at the upper bound of 200 (for example, if the FF is greater
than 200 in a subject, say 350, it is still reported as 200). The FF
is therefore reported as mean + standard error (not standard
deviation). As the FF upper limit is truncated, Tobit regression?’
with an upper bound correction (upper limit = 200) was used to
analyze this data.

FF >100 was categorized as pass and <100 as a fail result on QnFT.
The pass/fail result is, therefore, “before-and-after intervention”
categorical data, which was analyzed using McNemar's test.

Ethical Considerations

The study protocol was approved by the South Eastern Sydney
Local Health District Human Research and Ethics Committee. All
participants received a participant information sheet and written
informed consent was obtained from all participants.

REesuLTs

Participant Characteristics

Sixty-three volunteer HCW participated in the study. The features
of the participants are outlined in Table 1. Thirty-five participants
were tested using the Halyard FLUIDSHIELD* 3 Duckbill mask and
28 using the ProShield® Duckbill Mask.

Fit factor, before and after Application of Safety
Goggles

After the application of safety goggles, the FF increased from 69.4
(SE 8.4) to 169.1 (SE = 14.0). The mean FF increased by 99.7 (SE 14.6)
after the application of safety goggles.

An increase in FF was observed in 76.2% of the participants.
In 20.6% of the participants, it decreased, while it remained the
same in 3.2%.
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Table 2: Fit factor, before and after intervention

FF

FF Postintervention (with

Preintervention safety goggles) Change in FF p value
All participants 69.4 (SE=28.4) 169.1 (SE = 14.0) 99.7 (SE = 14.6) p <0.0005
FLUIDSHIELD 3 62.7 (SE=9.7) 1344 (SE=17.9) 71.7 (SE=17.69) p <0.0005
ProShield® 77.7 (SE=14.5) 2155 (SE=18.9) 137.8 (SE =22.5) p <0.0005

Table 3: QnFT pass and FF results for all participants, participants using ProShield® N95 respirators, and
participants using Halyard FLUIDSHIELD* 3 N95 respirators

Postintervention-
Preintervention with safety goggles
QnFT pass (i.e., FF >100) n (%) n (%) Differencen (%)  Significance
All participants (n = 63) 17 (27) 46 (73) 29 (46) p <0.0001
ProShield® (n = 28) 9(32) 26 (93) 17 (61) p <0.0001
Halyard FLUIDSHIELD* 3 (n = 35) 8(23) 20 (57) 12 (34) p=0.0018

Table 4: 2 x 2 contingency table for analysis of categorical pass—fail
data for all participants

QnFT result: postintervention

(with safety goggles)
Pass Fail Column total
QnFT result: Pass 16 1 17
preintervention  Fgj| 30 16 46
Row
total 46 17 63

Of the 126 total FF measurements, the FF was >200 on 32
occasions. These observations were reported as FF = 200. This
is the reason for reporting the standard error with the mean
instead of standard deviation. Tobit regression analysis showed
that the increase in FF with the application of safety goggles
was significant, with a mean increase in FF of 99.7 (SE = 14.6),
p <0.0005.

The FF improved for both the FLUIDSHIELD* 3 and the
ProShield® respirators, as shown in Table 2.

Overall Respirator Fit—Pass/Fail on QnFT

The number of participants who passed QnFT (i.e., had FF >100)
increased from 27-73% with the application of safety goggles. In
other words, 2.7 times more participants got pass results on QnFT
when safety goggles were used. The QnFT results before and after
the application of safety goggles are presented in Table 3.

A 2 x 2 contingency table was constructed, as shown in
Table 4. Analysis of this binary (pass/fail) data with McNemar's test
suggests that the null hypothesis is rejected, and the difference
between the two groups is significant, in favor of safety goggles
[x2 (1, N =63) = 27.13, p <0.0001, OR = 3 (95% Cl = 4.9-1223)]. The
result remained significant, in favor of safety goggles, when either
mask was analyzed separately—ProShield® (n = 28, p <0.0001) and
Halyard FLUIDSHIELD* 3 (n = 25, p = 0.0018).

Comfort Survey

Theresults of the comfort survey are displayed in Figure 4. A higher
percentage of participants selected Likert scale 4 and 5 responses
for almost all questions on the comfort scale when wearing the
N95 respirator and safety goggles, indicating that the addition of
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goggles to the respirator was less comfortable. When asked how
likely they would be to adjust PPE, more participants responded
with 4 or 5 when wearing the N95 respirator without goggles.
Most importantly, however, when the participants were asked if
they would be prepared to wear the respirator and safety goggles
together, assuming that the addition of goggles improved fitting of
therespirator, and 73% replied: “yes,” 22% replied: “maybe” and only
3% of participants replied: “no” (one participant did not respond).

Discussion

Our study found that the FF of Duckbill N95 respirators increased
with the application of safety goggles. In addition, a higher
proportion of users passed the QnFT after the addition of safety
goggles. We propose that the safety goggles improve the seal of
the N95 respirator.

To our knowledge, this is the first study to investigate the impact
of safety goggles on the FF of Duckbill N95 respirators.

During the COVID-19 pandemic, HCW have faced a severe
shortage of N95 respirators, particularly in developing countries.'
When supply is limited, HCW may not have access to respirators
that fit them well. Limited manpower limits the availability of
buddies to help with donning and doffing." In studies where HCW
have been formally fit-tested with the respirators available at their
workplace, pass rates are highly variable.?? Any intervention that
enhances the safety of the HCW should be thoroughly evaluated
and implemented if found useful >

The Duckbill N95 respirators are widely available, but several
studies have reported a high failure rate on fit testing, like our
study.'®?* Modification of the respirator has been evaluated in some
studies. Wardhan et al. conducted the fit test on 26 participants with
3M 1860 and 1860S respirators that had been modified by applying
double-sided adhesive tape to the edges of the respirator.2* Sixty-
five percent of participants passed with the modified adhesive
respirator. In this study, however, qualitative fit testing was used,
which relies on the participant’s ability to taste a solution nebulized
in the vicinity of the respirator. Qualitative fit testing has a lower
sensitivity for the detection of the leak when compared to QnFT.” We
believe that the use of adhesive tape damages the skin, particularly
inthe infraorbital region, where itis very delicate. It may also increase
the risk of user contamination during doffing of the respirator.

Indian Journal of Critical Care Medicine, Volume 25 Issue 9 (September 2021)
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Fig. 4: Results of Likert scale comfort survey: percentage of respondents choosing 4 or 5 on Likert scale for respirator alone (blue) and respirator

and safety goggles with headband (red)

Our study has a number of strengths. To our knowledge,
this is the first study to investigate the role of safety goggles to
improve the N95 respirator fit. We used QnFT that employed a
protocol approved by the United States Department of Labor
Occupational Safety and Health Administration (OSHA 1919.130
protocol).’”® We tested respirators that are widely available and in
use in Australia and internationally. Eye protection with goggles
is already a part of airborne PPE and is recommended by many
institutions like Australiaand New Zealand Intensive Care Society.?
Our intervention serves a dual purpose: providing eye protection
and improving the fit of the Duckbill N95 respirator. Finally, our
study served an important purpose at the time of the COVID-19
pandemic, which was to complete QnFT with N95 respirators for
the staff of our intensive care unit.

We have identified several weaknesses to address. Firstly, our
use of a convenience sample, which may limit the external validity
of our study. Our participants were relatively young (median age
31 years), majority female (59%); mostly had BMIs in the healthy
range (mean BMI 24.7, 13% with BMI >30). Second, we tested only
Duckbill respirators. Therefore, the results cannot be extrapolated
to any other type of respirator. Third, the same N95 respirator was
used for before-and-after intervention testing. The fitting of the
respirator may have been altered during the course of the first
test. And finally, the assignment of the participants to the two
types of Duckbill N95 respirators was not randomized. This was
largely due to the availability of the respirators to the investigators.
Whilst nonrandomization increases the risk of selection bias, the
investigators had little control over which respirator participants
were randomized to, as participants were tested with the respirator
available in their area of work. Arguably, this reflects a common
scenario during the COVID-19 pandemic.

Our results require external validation in users that belong
to other demographics, for example, high or low BMI, different
races (e.g., Asians), or facial features. Similarly, these results cannot
be extrapolated to other mask types, for example, cup-shaped
(like 3M 1860) or flat-fold three-panel (like 3M 1870) respirators.
A variety of safety goggles are available commercially, some with
advanced features like antifog coating. Any deviation from our
study group, mask selection, and safety goggle choice requires
further evaluation.

Indian Journal of Critical Care Medicine, Volume 25 Issue 9 (September 2021)

Safety goggles with a wraparound elastic headband are
widely available and can be thermally disinfected. Eye protection
constitutes a mandatory component of airborne PPE.?> In these
times, incorporation of safety goggles to the usual PPE may: (a) result
in an increase in the number of employees able to be protected by
the available range of N95 respirators, (b) increase the safe use of
N5 respirators that are widely available but underutilized due to the
fit test failure, and (c) increase the degree of protection for all HCW.

CoNcLUSION
We conclude that the use of safety goggles improves the FF of

Duckbill N95 respirators and increases the proportion of users
who pass the QnFT.

ACKNOWLEDGMENT
The authors acknowledge the help and advice of Mr. Ricardo
Maldonado, of Power Stats (West Ryde, New South Wales 2114,
Australia. www.powerstats.com.au), in doing the statistics for this
study.

Dr. Sumesh Arora is the Director of Quiz Time in Critical Care Pty
Ltd (ACN 614 368 973), Sydney, Australia; which operates as www.
gotheextramile.com - MCQ in Critical Care. Dr. Arora does not draw
any payment for his work with Go the Extra Mile.

ORciID

Moira Johns ® https://orcid.org/0000-0001-5532-1723

Sandy Kyaw ©® https://orcid.org/0000-0003-4750-652X

Rimen Lim © https://orcid.org/0000-0002-3552-1856

Warren C Stewart ® https://orcid.org/0000-0003-3048-9516
Solomon R Thambiraj ® https://orcid.org/0000-0001-5107-9060

Yahya Shehabi ® https://orcid.org/0000-0003-4707-7462
David W Collins © https://orcid.org/0000-0002-9522-7501
Claudia M Whyte © https://orcid.org/0000-0002-2531-9435

Sumesh Arora ® https://orcid.org/0000-0002-2065-3522
REFERENCES

1. HajiJY, Subramaniam A, Kumar P, Ramanathan K, Rajamani A. State
of personal protective equipment practice in Indian intensive care

985


https://orcid.org/0000-0001-5532-1723
https://orcid.org/0000-0003-4750-652X
https://orcid.org/0000-0002-3552-1856
https://orcid.org/0000-0003-3048-9516
https://orcid.org/0000-0001-5107-9060
https://orcid.org/0000-0003-4707-7462
https://orcid.org/0000-0002-9522-7501
https://orcid.org/0000-0002-2531-9435
https://orcid.org/0000-0002-2065-3522

Fit Factor Change of Duckbill N95 Respirators with the Use of Safety Goggles

1.

986

units amidst COVID-19 pandemic: a nationwide survey. Indian J Crit
Care Med 2020;24(9):809-816.DOI: 10.5005/jp-journals-10071-23550.
Chawla G, Abrol N, Kakkar K. Personal protective equipment: a
Pandora’s box. Indian J Crit Care Med 2020;24(5):371-372. DOl
10.5005/jp-journals-10071-23443.

Pande RK, Bhalla A, Myatra SN, Yaddanpuddi LN, Gupta S, Sahoo TK,
et al. Procedures in COVID-19 patients: part-Il. Indian J Crit Care
Med 2020;24(Suppl. 5):5272-5279.DOI: 10.5005/jp-journals-10071-23604.
Patel MP, Kute VB, Goswami J, Balwani MR. Hospitals may become
“Disease Hotspots” for COVID-19 amid shortage of personal
protective equipment. Indian J Crit Care Med 2020;24(11):1145-1146.
DOI: 10.5005/jp-journals-10071-23645.

Ramasubban S. COVID collateral: “Don’t Forget the Diligent
Healthcare Worker”. Indian J Crit Care Med 2020;24(8):613-614. DOI:
10.5005/jp-journals-10071-23542.

Lam SC, Lee JK, Yau SY, Charm CY. Sensitivity and specificity of the
user-seal-checkin determining the fit of N95 respirators. J Hosp Infect
2011;77(3):252-256. DOI: 10.1016/j.jhin.2010.09.034.

Derrick JL, Chan YF, Gomersall CD, Lui SF. Predictive value of the
user seal check in determining half-face respirator fit. J Hosp Infect
2005;59(2):152-155. DOI: 10.1016/j.jhin.2004.09.009.

Regli A, Sommerfield A, von Ungern-Sternberg BS. The role of
fit testing N95/FFP2/FFP3 masks: a narrative review. Anaesthesia
2021;76(1):91-100. DOI: 10.1111/anae.15261.

Hon CY, Danyluk Q, Bryce E, Janssen B, Neudorf M, Yassi A, et al.
Comparison of qualitative and quantitative fit-testing results for three
commonly used respirators in the healthcare sector.J Occup Environ
Hyg 2017;14(3):175-179. DOI: 10.1080/15459624.2016.1237030.
Degesys NF, Wang RC, Kwan E, Fahimi J, Noble JA, Raven MC.
Correlation between N95 extended use and reuse and fit failure in
an emergency department. JAMA 2020;324(1):94-96.DOI: 10.1001/
jama.2020.9843.

Roberge RJ, Monaghan WD, Palmiero AJ, Shaffer R, Bergman MS.
Infrared imaging for leak detection of N95 filtering facepiece
respirators: a pilot study. Am J Ind Med 2011;54(8):628-636. DOI:
10.1002/ajim.20970.

. Harber P, Su J, Badilla AD, Rahimian R, Lansey KR. Potential role of

infrared imaging for detecting facial seal leaks in filtering facepiece
respirator users. J Occup Environ Hyg 2015;12(6):369-375. DOI:
10.1080/15459624.2015.1006636.

. ChuDK, AkIEA, Dudas, Solo K, Yaacoub S, Schunemann HJ. Physical

distancing, face masks, and eye protection to prevent person-to-
person transmission of SARS-CoV-2 and COVID-19: a systematic

15.

19.

20.

21.

22.

23.

24,

25.

review and meta-analysis. Lancet 2020;395(10242):1973-1987. DOI:
10.1016/50140-6736(20)31142-9.

Sharma J, Nasa P, Reddy KS, Kuragayala SD, Sahi S, Gopal P, et al.
Infection prevention and control for ICU during COVID-19 pandemic:
position paper of the Indian Society of Critical Care Medicine.
Indian J Crit Care Med 2020;24(Suppl. 5):5280-5289. DOI: 10.5005/
jp-journals-10071-23607.

Pande RK, Bhalla A, Myatra SN, Yaddanpuddi LN, Gupta S,
Sahoo TK, et al. Procedures in COVID-19 patients: part-I. Indian
J Crit Care Med 2020;24(Suppl. 5):5263-S271. DOI: 10.5005/
jp-journals-10071-23597.

NIOSH-approved N95 particulate filtering facepiece respirators:
National Institute for Occupational Safety and Health; 2020. Available
from: https://www.cdc.gov/niosh/npptl/topics/respirators/disp_
part/N95list1-h.html.

Incorporated T.PORTACOUNT® PRO 8030 AND PORTACOUNT® PRO+
8038 RESPIRATOR FIT TESTERS Revision P ed. TSI Incorporated/500
Cardigan Road/Shoreview, MN 55126/USA; 2015. p. 87-89.

OSHA. Major requirement of OSHA's respiratory protection standard
29 CFR 1910.134. 2006.

PORTACOUNT RESPIRATOR FIT TESTER 8048. 2021. Available from:
https://www.tsi.com/products/respirator-fit-testers/portacount-
respirator-fit-tester-8048/.

Clayton M, Vaughan N. Fit for purpose? The role of fit testing in
respiratory protection. Ann Occup Hyg 2005;49(7):545-548. DOI:
10.1093/annhyg/mei046.

Amemiya T. Tobit models: a survey. J Econom 1984;24(1):3-61. DOI:
10.1016/0304-4076(84)90074-5.

Lee K, Slavcev A, Nicas M. Respiratory protection against
Mycobacterium tuberculosis: quantitative fit test outcomes for
five type N95 filtering-facepiece respirators. J Occup Environ Hyg
2004;1(1):22-28. DOI: 10.1080/15459620490250026.

Ciotti C, Pellissier G, Rabaud C, Lucet JC, Abiteboul D, Bouvet E.
Effectiveness of respirator masks for healthcare workers, in
France. Med Mal Infect 2012;42(6):264-269. DOI: 10.1016/
j.medmal.2012.05.001.

Wardhan R, Brennan MM, Brown HL, Creech TB. Does a modified
adhesive respirator improve the face seal for health care workers
who previously failed a fit test?: a pilot study during the coronavirus
disease 2019 pandemic. A A Pract 2020;14(8):e01264. DOI: 10.1213/
XAA.0000000000001264.

Australian and New Zealand Intensive Care Society (2020) ANZICS
COVID-19 guidelines. Melbourne: ANZICS; 2021.

Indian Journal of Critical Care Medicine, Volume 25 Issue 9 (September 2021)



	Fit Factor Change on Quantitative Fit Testing of Duckbill N95 Respirators with the Use of Safety Gog
	Abstract
	Introduction
	Methods
	Participants
	Study Design 
	Choice of Respirators 
	Choice of Safety Goggles 
	Quantitative Fit Test Equipment 
	Quantitative Fit Test Procedure 
	Statistical Analysis 
	Ethical Considerations 

	Results
	Participant Characteristics 
	Fit factor, before and after Application of Safety Goggles 
	Overall Respirator Fit-Pass/Fail on QnFT 
	Comfort Survey 

	Discussion 
	Conclusion
	Acknowledgement 
	Orcid
	References


