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Abbreviations for Supplemental Digital Content 1 
BFE 			Bacterial filtration efficiency 
CDC			Centers for Disease Control and Prevention
FDA 			Federal Drug Administration 
FFR			Filtering facepiece respirator
MPPS			Most penetrating particle size
NIOSH		National Institute for Occupational Safety and Health 
OSHA			Occupational Safety and Health Administration
SARS-CoV-2		Severe acute respiratory syndrome coronavirus 2

Filtering Facepiece Respirator (FFR) Classification, Filter Function, Construction and Testing

FFR Classification and Filter Function
N95 FFR are certified for non-medical or medical use in the US,1 with separate requirements. A surgical, or medical N95, is an FFR that provides superior splash protection to a non-surgical FFR (to protect against contaminated fluids or blood).2 In normal times the Center for Disease Control and Prevention (CDC) guidance advises single patient contact use.3  Reuse indicates multiple donnings and doffings of an individual mask.4 Non-medical N95 FFR are regulated by National Institute for Occupational Safety and Health (NIOSH) and intended for use in environments with dust, particles, or oily aerosols.1,5 Some allow exhalation through one-way valves, bypassing the filter.  Valves minimize humidity buildup and resistance to exhalation but others are no longer protected from the wearer’s potential contaminants.1  The Federal Drug Administration (FDA) and NIOSH regulate surgical or medical FFR as Class II devices, therefore manufacturers must apply for FDA approval prior to marketing.2 
All regulated FFR are tested for particle filtration,2 provided by 4 mechanisms: impaction, interception, diffusion and electrostatic forces.6  Particles  >0.3 μm are most efficiently captured by impaction and interception while those <0.5 μm are better captured by diffusion and electrostatic forces.7  During manufacture an electrostatic charge is added to create a quasi-permanent magnet called an electret that traps particles without increasing airflow resistance.5,6,7  Loss of electret properties will unacceptably decrease filtration, particularly of smaller particles.5  For each model there is a particle size range that is least filtered - the most penetrating particle size (MPPS).  Testing filtration with particles of the MPPS is ideal, as the tested efficiency would represent a worst-case scenario (both larger and smaller particles are better filtered). Protection from microorganisms is derived from particle filtering.5  
NIOSH certification testing of filtration is performed using liquid aerosol of oil or saline particles with a median aerodynamic diameter of 0.3 μm.  A 95 rating means that >95% of 0.3 μm particles are captured during testing.6  A higher number signifies greater filtration efficiency regarding identically sized particles – higher protection. Typical ratings are 95%, 99% and 99.97% (labeled “100”).  NIOSH testing also evaluates airflow resistance, flammability, biocompatibility, and the effects of temperature, humidity, and particle loading. Because laboratory testing is done at airflow rates that far exceed nearly all user conditions, the efficiency during most use is expected to be higher.2,7 
A letter preceding the filtration efficiency number specifies FFR series.  N-series are tested with saline aerosol (Not rated for oil aerosols), and includes all masks designated for healthcare. FFR for healthcare are also tested for protection from water-based liquid splashes (surrogates for mucus or blood). Aerosolized oil is used to test FFR designated for non-healthcare use. R-series are oil Resistant, and approved for one work shift. P-series are oil-Proof, and have unrestricted wearing time.1  The vast majority of FFR used in the US during normal times are non-healthcare N95. 
Aerosolized viral particle sizes vary and change rapidly based upon water content.8  Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has a reported size of 0.06-0.14 μm with a mean aerosol size of 0.1 μm.5  NIOSH certification protocols do not assess filtration of particles <0.3 μm or particles containing live organisms.6,9  Multiple investigators reported N95 FFR MPPS of 0.02-0.20 μm.6,10,11,12  Using multiple N95 models Shaffer et al demonstrated up to 10% penetration of particles 0.04-0.10 μm.6  Respirators with filter efficiency ratings >95%, including P100 FFR and elastomeric masks, are far more effective in filtering 10-400 nm particles, and therefore provide superior protection.3,14,15,16 
The American Society for Testing and Materials, an international standards organization, F2101 testing for bacterial filtration efficiency (BFE) uses nebulized Staphylococcus aureus particles with a mean particle size of 3.0 μm to challenge medical masks for penetration of infectious particles at a gas flow rate of 28.3 L/m.16  BFE is felt to be a relevant test for viral particle penetration as expected viral particle size is equivalent due to water content.  When compared, NIOSH saline particle testing is better able to identify poorly performing devices and more precise than BFE testing.17  A useful table comparing multiple filtration test methods is included in a report by Rengasamy et al.17  Although respiratory particles may be <3.0 μm, the consensus is that neither BFE nor measures of viable particle filtration efficiency would improve NIOSH standards-setting protocols.18,19  Harnish et al demonstrated rated or superior protection from NIOSH-approved N95 respirators tested with H1N1-containing particles as small as 0.01 μm and no difference in filtration of infectious vs. noninfectious particles of equivalent size.18,19
In the context of SARS-CoV-2, there is active discussion, debate, and emerging research regarding the importance and infectivity of virus-containing particles <0.3 μm. 20,21,22,23,24,25 Although such small particles have not traditionally been considered a primary source of airborne viral transmission, concerns exist regarding SARS-CoV-2, as it is more durable in aerosol form than severe acute respiratory syndrome coronavirus 1 or Middle East respiratory syndrome coronavirus.25  Viable aerosols have been isolated in air from COVID-19 patients’ ward hospital rooms in the absence of aerosol generating procedures.26  Current evidence indicates the majority of airborne transmissions of SARS-CoV-2 are likely via larger, droplet particles yet the possibility of infection from tiny aerosolized particles remains. Answers to these questions are vital to optimally inform public health policy and guidance for health care workers, who remain at high risk.  

FFR Construction
N95 FFR vary in construction however the key filtration layer is typically a fine mesh fabric created by extruding melted polypropylene through tiny nozzles alongside blown gas (meltblown). Surgical models usually have 4-5 layers including an outer hydrophobic layer. Layered fabric is folded or molded and given the electrostatic charge. Other common materials include stapled elastic straps to maintain a tight fit, polyurethane or polyester nose padding, and flexible metal nose strips.27 

Fit Testing
FFR can only protect the wearer from environmental particles or pathogens and visa versa if a tight seal with the face is maintained to force air through the filter fabric during breathing.4,29,30  The Occupational Safety and Health Administration (OSHA) requires each wearer to undergo OSHA-approved fit testing by a trained individual before initial use to determine the optimum available style, model, and size.2,28 The user is to subsequently wear identical respirators. Comfort, facial fit, and seal are verified under multiple conditions including inspiration, exhalation, talking, facial expressions, activities, and body positions.  In addition, one of multiple established qualitative or quantitative assessments of filtering function is performed.2,5,28  Facial hair or stubble usually prevents adequate fit and therefore effective FFR use.30,31  A requirement to repeat the fit test annually is supported by a study finding a risk of unacceptable fit of 10% after 1 year, 20% after 5 years and 25% after 3 years or following weight loss >20 lbs.32  This requirement is suspended during the SARS-CoV-2 pandemic.7  Users are to verify the seal - a fit check - each and every time a respirator is donned.33  A recent review compares the value of qualitative fit testing, quantitative fit testing, and fit checking by N95 respirator users.34 Quantitative fit testing is superior to qualitative fit testing. A fit check is not a substitute for a fit test.34
Results from a 2015 study of 6 N95 models indicate that fit declines after as few as 2-5 donnings and doffings, with large variation between models.27 Attention to donning technique may be especially important.35  Two 2020 studies reported a loss of N95 FFR fit following extended use and reuse by hospital workers,36,37 as observed in laboratory research.27,35  

International FFR Regulations
International terminologies and regulations for FFR with a filtering efficiency similar to N95 are listed in Supplemental Table 1, below.38,40  Although most international standards are similar to NIOSH ratings, they are not consistent. European Union Filtering Face Piece 2 (FFP2) respirators have a rated filtering efficiency >94%, the European standard most resembling N95. They are not tested for oil aerosol filtration or under extreme filter loaded conditions, however.39,40 Nor are there separate categories designated for medical or non-medical use.  (See Supplemental Digital Content, Table 1)
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Supplemental Table 1.  

International Classifications of FFR that are Functionally Similar to N9538,39
Country	Classification		Regulation		
United States 	N95 			NIOSH-42CFR84  
Australia / New Zealand 	P2 				AS/NZA 1716:2012 
Brazil 	PFF2 			ABNT/NBR 13698:2011
People’s Republic of China 	KN95 			GB2626-2006; GB 2626-2019  
European Union / Great Britain	FFP2 			EN 149-2001 
Japan 	DS2 			JMHLW-Notification 214, 2018
Mexico	P95			NOM-116-2009
Russia 	FFP2			GOST R 12.4.191-2011 
Republic of Korea 	KF94 (1st Class)		KMOEL - 2017-64  
Taiwan	D2 				CNS 14755

Abbreviations for Supplemental Table 1:
FFR: Filtering Facepiece Respirator
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