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Abstract
OBJECTIVES: The abrupt emergence of COVID-19 cases has raised demand for 
personal protective equipment (PPE). We compared fit factors of various masks and 
respirators available in healthcare settings in Thailand to assess suitability of sealed 
surgical mask or N95 respirator as an alternative to a surgical N95 respirator.   
MATERIALS AND METHODS: A total of 31 quantitative respirator fit tests were                               
performed among 3 masks and 5 respirators using PortaCount 8048, TSI Incorporated,                 
Minnesota, USA, following Occupational Safety and Health Administration (OSHA) protocols. 
RESULTS: Fit factors of two unsealed surgical masks were around 4 – 5. When they were 
sealed with 3M micropore tape, the fit factors increased to 33 – 38, which were below 
the OSHA criterion of 100. Fit factors of four unsealed masks and respirators were 
between 11 - 95, but after sealing, the fit factors increased to 199 and more. Two respirators 
passed the criterion of 100 without sealing.
CONCLUSIONS: Sealing of both masks and respirators improved fit factors substantively. 
Therefore, we recommend “always seal” masks and respirators particularly in the                
situation where an individual fit testing is not mandatorily required. To better protect 
healthcare workers caring for suspected or confirmed COVID-19 cases, it is advised 
that every healthcare worker should be trained on wearing an N95 respirator and go 
through a respirator fit test as part of respiratory protection program. 

Keywords: quantitative fit test, surgical mask, N95 respirator, COVID-19, respiratory 
protection program.

During the COVID-19 pandemic, there were worldwide shortages of 
personal protective equipment (PPE), especially surgical N95              
respirators and masks, including many hospitals in Thailand. The 

Thoracic Society of Thailand and US. Centers for Disease Control and              
Prevention suggested acceptable alternative personal protective equipment 
with respect to surgical masks or industrial N95 respirators.1,2 In general, a 
surgical mask protects healthcare workers against large droplets. An N95 
respirator reduces  healthcare worker exposure to particles including aerosols 
and large droplets. However, surgical masks or N95 equivalent ear-loop masks 
are a loose-fitting type, which in turn cause leakage around the edge of the 
mask when the user inhales. On the other hand, N95 respirators are                           
tight-fitting which requires a seal check each time the respirator is worn.3

	 Selection of an appropriate respirator is the first step of Respiratory 
Protection Program. Other components are training, fit testing, inspection, 
cleaning, maintenance, storage, evaluation, work area surveillance, and air 
quality improvement.4 The most critical aspect of respirator use is insufficient 
fitting. Many healthcare workers think that a seal check is a fit test, which is 
wrong. A quantitative method is required for better assessment of proper use 
of respirators.5

	 According to the Department of Disease Control, Ministry of Public 
Health Thailand on April 8, 2020, there were 55 healthcare workers who had 
work-related COVID-19 disease.6 Our study investigated the fit factor by 
QNFT PortaCount to find acceptable alternative facemasks or respirators 
when caring for patients with confirmed or suspected COVID-19 in order to 
protect healthcare workers from work-related COVID-19 disease in Thailand.
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Methods

	 A total of 31 quantitative fit tests were performed by two 
testers, male and female, on various types of masks and                   
respirators using PortaCount Model 8048, TSI Incorporated, 
Minnesota, USA, following OSHA modified ambient aerosol 
condensation nuclei counter (CNC) quantitative fit testing 
protocols.7 The first tester was a slender woman, 157 centimeters 
in height and 47 kilograms in weight. The second tester was 
a moderate size man, 175 centimeters in height and 80                
kilograms in weight.  Both testers were reviewed with OSHA 

respirator medical evaluation questionnaires before the study 
was performed.8,9

	 Testers followed the modified ambient aerosol CNC                    
protocol for filtering face piece respirators described in Table 
1. Testing environment is shown in Figure 1. To assess the 
effects of sealing, quantitative fit factors were compared                 
between unsealed and sealed surgical masks, selected N95 
masks and respirators. Sealing was done using 1 inch 3M 
micropore surgical tape around the rim of tested masks or 
respirators.  

	 The study team selected masks and respirators according 
to availability, in particular those currently being used in 
clinical practice.  Selected mask and respirators under testing 
were.  

•	 3M Surgical mask 
•	 Venus N95 V4400 respirator
•	 3M R95 8247 respirator
•	 3M N95 Vflex 9105 respirator
•	 NASK Nanofiber Smart Mask 
•	 Koken Hi-luck 350 N95 respirator
•	 3M surgical N95 1870+ respirator
•	 An online purchased KN95 mask 

Results 

	 Putting together test results, it appeared that sealing a 
surgical mask with one-inch micropore improved performance 
by seven to eight times, from 4 to 33 by tester 1 and from 5 to 
38 by tester 2.  Sealing also had profound effects on                            
performance of N95 respirators.  The study team found it                 
difficult to seal cup-shaped N95 respirators because of the 
solid frame.  Sealing these respirators had less effect than body 
size (and face size) of testers.  Cup-shaped N95 under testing 
fitted tester 2 (moderate size male) better than tester 1 (slender 

Exercises Exercise procedure Measurement procedure Duration (seconds)
Bending Over

Talking 

Head Side-to-Side 

Head Up-and-Down

The test subject shall bend at the waist, as if 
going to touch his/her toes for 50 seconds and 
inhale 2 times at the bottom.
The test subject shall talk out loud slowly and 
loud enough so as to be heard clearly by the 
test conductor for 30 seconds. He/she will either 
read from a prepared text such as the Rainbow 
Passage, count backward from 100, or recite a 
memorized poem or song.
The test subject shall stand in place, slowly 
turning his/her head from side to side for 30 
seconds and inhale 2 times at each extreme.
The test subject shall stand in place, slowly 
moving his/her head up and down for 39 
seconds and inhale 2 times at each extreme.
	 Total duration

A 20 second ambient sample, 
followed by a 30 second mask 
sample.
A 30 second mask sample.

A 30 second mask sample.

A 30 second mask sample 
followed by a 9 second ambient 
sample.

50

30

30

39

2 min 29 sec

Table 1: OSHA Modified ambient aerosol CNC quantitative fit testing (PortaCount) protocol for filtering face piece respirators.8

Figure 1: Tester 1 and testing environment.

female). One type of standard supplied N95 respirator                       
performed well even when not sealed while another type of 
online supplied N95 mask did not pass the tests even when it 
was sealed with one inch micropore.  

Quantitative Fit Tests of Selected Respirators for Healthcare Workers Caring for Patients
 with Confirmed or Suspected COVID-19  
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	 Surgical masks are designed to prevent the spreading of               
droplets from wearers whilst respirators are designed to protect 
the wearers from a contaminated environment.  In the situation 
of COVID-19 pandemic, the preferred “half face” protective 
device for healthcare workers caring for suspected or                      

Discussion 

	 We assessed fit factors of selected masks and respirators 
that are currently or are candidates for use by healthcare               
workers caring for patients with confirmed or suspected              
COVID-19 in a private hospital in Thailand. The results 
showed that, among N95 respirators, the fold-type respirators 
passed fit factors without sealing. This could be due to the 

Tested masks and respirators Tester 1 Tester 2
3M Surgical mask 
3M Surgical mask - sealed
Venus N95 V4400 respirator
Venus N95 V4400 respirator - sealed
3M R95 8247 respirator
3M N95 Vflex 9105 respirator
3M N95 Vflex 9105 respirator - sealed
NASK Nanofiber Smart Mask
NASK Nanofiber Smart Mask - sealed
Koken Hi-luck 350 N95 respirator
Koken Hi-luck 350 N95 respirator - sealed
3M surgical N95 1870+ respirator
An online purchased SSF KN95 mask
An online purchased SSF KN95 mask - sealed

4
33
68

200+
11
95

200+
3

200+
80

199
200+

3
15

5
38
56

200+
164

-
-
-
-
-
-
-
-
-

Table 2: Quantitative fit factors by testers and types of masks and respirators

confirmed COVID-19 cases should perform, at least as good 
as OSHA standard i.e. by a minimum fit factor pass level of 
at least 100.  We  report  the performance of masks and respirators 
in our study in Figure 2.  

Figure 2: Summarized quantitative fit test results with interpretation

Respirator Fit test @ BHQ 9 April 2020

characteristic of a more freely flexible nosepiece of the fold-type 
than the cup-type. The cup-type respirators might depend on 
the face size of testers or sealing to pass the fit test. Therefore, 
a proper size selection of cup-type respirators should be                    
considered in the first instance.10

Ekpreechakul T, et al.
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	 The study was conducted when supply of masks and               
respirators were limited. As a result, only a small number of 
masks and respirators were available for both tester 1 and 2. 

	 Our assessment complied with US-CDC recommendations 
to perform fit testing during emerging infectious disease             
outbreaks because we found significant improvement after 
sealing tested respirators with one inch micropore tape.  In the 
situation where individual fit testing is not available for every 
healthcare worker, the practice of “always seal” is recom-
mended.  

	 Our findings revealed moderate level of protection of 
sealed surgical masks (fit factor = 33 - 38).  Although                           
significantly increased from non-sealed (fit factor = 4-5), use 
of surgical masks in high risk situations should be cautioned.  

	 Performance of loose-fitting masks with high quality 
materials (e.g. N95, FFP2, KN95, KF94 levels) could be  
improved by sealing.  Our findings showed improved fit                 
factor (from 3 to 200+) equivalent to standard N95 respirators.   
This adaptation should be accompanied with fluid protective 
device; such as face shields or covering on top with surgical 
masks as acceptable alternative PPE (personal protective 
equipment).  

	 With rapid use and high demand for PPE, including                   
surgical masks and respirators, quality control must not be 
compromised.  Regulatory bodies at the national and local 

level have to ensure inspection of each supply lot particularly 
when procured online.  

	 Our study primarily revealed fit factors, which                                    
represented a ratio of particles between the outside and inside 
of a mask or respirator. Environmental factors often determine 
protective outcomes. In high-risk situations such as                      
emergency rooms, intensive care units, or any respiratory 
aerosol generating procedures, high performance PPE might 
not be sufficient.  Other work place controls, such as engineering, 
administrative and safe work practices, must be concurrently 
implemented.11 

Conclusions

	 Sealed surgical mask and sealed NASK nanofiber smart 
mask could be reliable alternative PPE for healthcare workers 
during the COVID-19 pandemic. In the situation where PPE 
supply is limited, we suggest “always seal” available masks 
and N95 respirators when respirator fit testing could not be 
performed. Respirator fit testing as part of respiratory protection 
program is strongly recommended for better protection of 
healthcare workers in emerging infectious disease outbreaks.

Conflict of interest

	 The authors have no conflict of interest with products, 
materials or equipment tested and used in this study.

References

1.	 Recommendation Regarding the Use of Cloth Face Coverings 
in COVID-19 situation. Thoracic Society of Thailand under 
Royal Patronage: Jiarakul N, 2020 (Accessed April 8, 2020, 
at https://www.thoracicsocietythai.org/2020/03/05/fabric-
mask-use-covid-19/.)

2.	 Using Personal Protective Equipment (PPE). National Center 
for Immunization and Respiratory Diseases (NCIRD):                      
Division of Viral Diseases, 2020 (Accessed April 8, 2020, at 
https://www.cdc.gov/coronavirus/2019-ncov/hcp/using-ppe.
html.)

3.	 Understanding the Difference between Surgical Mask and 
N95 Respirator. National Institute for Occupational Safety 
and Health: Centers for Disease Control and Prevention, 2020 
(Accessed April 8, 2020: https://www.cdc.gov/niosh/npptl/
pdfs/UnderstandDifferenceInfographic-508.pdf.)

4.	 Respiratory Protection - OSHA 3079 (Revised). Occupational 
Safety and Health Administration (OSHA), 2002 (Accessed 
20 May, 2020: https://www.osha.gov/Publications/osha3079.
pdf )

5.	 Noti JD, Lindsley WG, Blachere FM, et al. Detection of          
infectious influenza virus in cough aerosols generated in a 
simulated patient examination room. Clin Infect Dis 
2012;54(11):1569-77.

6.	 Press release of Corona Virus Disease (COVID-19). Ministry 
of Public Health: Department of Disease control, 2020                  
(Accessed April 8, 2020 at https://ddc.moph.go.th/viralpneu-
monia/eng/news.php.)

7.	 PORTACOUNT® model 8040 and 8048 Respirator fit testers. 
TSI Incorporated: 2019 (Accessed April 8, 2020 at https://tsi.
com/products/respirator-fit-testers/portacount-respirator-              
fit-tester-8048-kit/.)

8.	 Fit Testing Procedures (Mandatory), 1910.134 App A. Sect. 
Subpart I Personal Protective Equipment (2020).

9.	 OSHA Respirator Medical Evaluation Questionnaire                          
(Mandatory), 1910.134 App C. Sect. Subpart I Personal             
Protective Equipment (2020).

10.	Lee S, Kim H, Lim T, et al. Simulated workplace protection 
factors for respirators with N95 or higher filters for healthcare 
providers in an emergency medical centre: A randomized 
crossover study. Hong Kong J Emer Med 2017;24(6):282-9.

11.	Strategies for Optimizing the Supply of N95 Respirators. 
National Center for Immunization and Respiratory Diseases 
(NCIRD): Division of Viral Diseases, 2020 (Accessed April 
8, 2020 at https://www.cdc.gov/coronavirus/2019-ncov/hcp/
respirators-strategy/index.html.)

Quantitative Fit Tests of Selected Respirators for Health Care Workers Caring for Patients
 with Confirmed or Suspected COVID-19  


