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China normally makes 10 million masks per day, about 
half of the world production. During the 2019–2020 
coronavirus pandemic, 2500 factories were converted 
to step up production to 116 million daily according to 
the latest numbers released late last month by China’s 
National Development and Reform Commission.[1] Even 
this increased number is proving grossly inadequate, 
a reflection of the sheer scale and intensity of the 
pandemic.

Shortages of this vital piece of personal protective 
equipment (PPE) have contributed to the deaths of some 
of the 600 HCWs across the globe who have been known 
to have succumbed to this virus whilst caring for their 
patients. The sheer scale of the pandemic and the vast 
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“We can’t stop COVID-19 without protecting our health 
workers,” Tedros Adhanom Ghebreyesus, director-general 
of the World health Organization.

“In the pandemic economy, face masks are like bars of gold. 
Hoarders are hoarding them. Governors are bartering for 
them. Hospital workers desperately need them.“ Michael 
Schulman. New Yorker.

INTRODUCTION

A humble mask which most health‑care workers (HCWs) 
had taken for granted, or were unfamiliar with, has 
emerged at the forefront of the medical profession’s battle 
against the SARS-CoV-2 virus that causes the clinical 
syndrome of COVID-19 pneumonia.
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numbers of patients needing hospitalization have exposed 
the state of unpreparedness in hospitals across most of the 
developing world. Nursing unions and medical bodies 
have threatened to strike because their front line HCWs 
are often not supplied with N-95 masks primarily because 
of shortages.[2] Prime ministers and governments are 
embarrassed and apologize for not having the foresight to 
ensure adequate numbers for their HCWs, thus exposing 
them to unacceptable risks. Unedifying spectacles of 
countries actually fighting over them and governments 
caught off guard because of the unavailability of these 
masks are common. In an incident that hinted of “modern 
piracy” a consignment of 200,000 N-95 masks meant 
for Germany was diverted to the US as they were being 
transferred between planes in Thailand.[3]

This article aims to provide a timely review of the N-95 
mask.

WHAT IS AN N-95 AND WHAT DOES IT DO?

An N‑95 respirator  (mask) is a respiratory protective 
device designed to achieve a very close facial fit and 
efficient filtration of airborne particles. In contrast 
to surgical face masks, which provide only one-way 
protection to HCWs (by capturing their own droplets 
and protecting those around), N-95 respirators are tightly 
fitting masks that seal off the wearer’s face and work in 
a bidirectional sense, in particular for the protection of 
the wearer.[4] When properly fitted, selected, used, and 
maintained, particulate-removing respirators have been 
demonstrated to reduce the amount of aerosols that are 
inhaled.[5]

The N‑95 mask  (American classification system) is 
so-called because it can remove 95% of all particles with a 
diameter >0.3 μm, and it is comparable to a Filtering Face 
piece Respirator2 (FFP 2) mask (European classification 
system.) Table 1 enumerates the classification of respirators 
according to their filtration efficacy. However, even 
a properly fitted N-95 respirator does not completely 
eliminate the risk of contracting the disease, emphasizing 
the importance of hand-washing and additional precautions 
that can never be taken for granted by the HCW [Figures 1 
and 2] (Types of respirators).

WHY IS AN N-95 SUPERIOR TO A SURGICAL 
MASK?

A properly fitted N-95 will block 95% of aerosolized 
particles, down to three-tenths of a micron in diameter, 
from reaching the wearer’s face. In contrast, surgical masks, 
designed to protect patients from a surgeon’s respiratory 
droplets, are not effective at blocking particles smaller than 
100 μ. COVID-19 particles were found to measure 1–4 μ 
in diameter according to an air sampling study where 245 
surface samples were collected from 30 isolation rooms 
at the National Centre for Infectious Diseases, Singapore, 
where patients with SARS-CoV-2 were being managed.[6] 
An older, pre-SARS-CoV-2 Chinese study in 2013 had 
found that twice as many health workers (17%), contracted 
a viral respiratory illness (like influenza or rhinovirus), 
when wearing a surgical mask while treating sick patients, 
compared with 7% of those who continuously used an 
N-95.[7] Researchers from 2 hospitals in Seoul, Korea, 
instructed 4 COVID‑19  patients admitted in negative 
pressure isolation rooms to cough five times while wearing 
cloth and surgical masks. Measuring the median viral load, 
they found that swabs from the outer mask surfaces were 
positive for SARS–CoV-2 in both cloth and surgical masks. 
They concluded that surgical masks were ineffective in 
preventing the dissemination of SARS–CoV-2 from the 
coughs of patients with COVID-19 to the environment and 
external mask surface.[8]

WHY IS IT ESPECIALLY IMPORTANT DURING 
THE COVID 19 PANDEMIC?

Although earlier studies on SARS-Cov-2 highlighted the 
risk of droplet and contact transmission of the virus,[9] 
concerns regarding airborne and aerosol transmission 
have been more recently recognized. Breathing and talking 
produce smaller and more numerous particles, known as 
aerosol particles. These are carried by air currents and 
dispersed by diffusion and air turbulence.[10] In contrast 
to inhaled droplets that get deposited in the upper regions 

Table 1: Respirator filtration efficiency according to the 
American and European Classification
Type of mask Filtration efficiency (%)
American	classification	system
N-95 ≥95
N	99 ≥99

European	classification	system
FFP	1 ≥80
FFP	2 ≥94
FFP	3 ≥99

Source: Handbook of Respiratory Protection by Craig E. Colton. FFP: 
Filtering facepiece Figure 1: N‑95 Respirator
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of the respiratory tract and subsequently get expelled via 
nasal secretions or the mucociliary escalator, inhaled 
aerosols can penetrate into the depths of the lung and may 
be deposited in the alveoli. A study comparing the aerosol 
and surface stability of the SARS-CoV-2 virus showed that 
the novel coronavirus remained viable in aerosols with 
only a slight reduction in infectivity at the end of 3 h.[10] 
As we now know, the SARS-CoV-2 is carried by both 
droplets and aerosols, and hence, an N-95 is essential for 
the protection of HCWs exposed to these patients.

WHO IS IT RECOMMENDED FOR?

It is crucial to stress that N-95 masks should be reserved 
exclusively for HCWs in direct contact with patients 
and should not be used by members of the public who 
need nothing more than cloth or paper surgical masks.[11] 
HCWs are at increased risk of contracting COVID-19 for 
different reasons, including repeated exposure to many 
positive cases, increased duration of exposure because 
of lengthy shifts, and lack of appropriate administrative 
and engineering controls in wards hastily designed in 
the face of this unprecedented pandemic.[12] They are 
especially vulnerable during aerosol-generating procedures 
and treatments such as tracheal intubation, noninvasive 
ventilation, tracheostomy, cardiopulmonary resuscitation, 
manual ventilation before intubation and bronchoscopy 
and in these settings the use of N-95 masks is mandatory.[11]

For non aerosol generating procedures involving 
COVID‑19  patients, whilst WHO advocates the use 
of surgical masks, the Centres for disease control and 
Prevention  (CDC) and European CDC and Prevention 
differ in their opinion and recommend the use of N-95 
respirators even for non aerosol generating procedures. 
We would agree with the latter and advocate for the 
use of the N-95 for HCWs, exposed to and caring for 
COVID‑19 patients even where there is no direct aerosol 
generation. The absence of the masks may clearly be a 
contributing factor to the high numbers of HCWs who 
contract COVID-19 infections, currently estimated at 

11% of all infections.[13] We would also stress that simply 
delivering more respirators and PPE to the frontlines is 
not enough to solve the crisis faced by our HCWs. The 
focus should also be on training the HCWs on the right 
use of appropriate PPE in the right setting.

WHY IS QUALITY CONTROL SO IMPORTANT?

The US regulators recently reported that significant 
numbers of imported and Chinese manufactured N-95 
masks were being pushed into the market without 
meeting National Institute for Occupational Safety and 
Health  (NIOSH) standards. Recent tests performed by 
NIOSH on a batch of 67 different imported masks found 
that as many as 60% did not meet standards. Some filtered 
out as few as 35% of particles only, far short of the 95% 
it advertised. Many were found to have ear loops to 
secure them to the head instead of the headbands, which 
are essential to ensure a tighter fit. Thus millions of 
substandard and sometimes counterfeit masks are flooding 
the market, adding to the risks posed to HCWs.[14]

WHAT IS THE CORRECT PROCEDURE FOR 
DONNING AND DOFFING?

Incorrect use of an N-95 mask and other PPE poses a dual 
risk. An incorrectly worn mask fails to protect the doctor 
from the risk of infection. Besides, it can also give the 
HCW a false sense of security, which puts their lives and 
the lives of their patients at stake. All HCWs caring for 
COVID‑19 patients should be trained in how to put on, 
remove, and dispose of an N-95. The correct sequence of 
donning and doffing is outlined in Table 2.

WHAT IS A FIT TEST AND HOW IS IT 
PERFORMED?

The protection offered by a respirator or a mask is 
dependent not just on its filter capacity but even more 
crucially on the fit factor. A  fit test is a way to assess 
if an N-95 has been correctly applied and fitted. Those 
individuals who passed a fit test have been shown to 
have a better protection factor. The highest percentage of 
subjects passing FFP fit testing was for FFP 1 and FFP 2. 
Subjects donning FFP3 respirators did not have the highest 
fit testing pass rates, which indicates that respirators with 
the highest filtration efficiencies are not necessarily the 
ones with the best fit and protection factors. No subjects 
passed fit testing with a surgical mask. The FFP respirators 
provided about 11.5–15.9 times better protection than the 
surgical masks, suggesting that surgical masks are not a 
good substitute for FFP respirators when concerns exist 
about the airborne transmission of bacterial and viral 
pathogens.[15] Fit tests are of two types:

Qualitative fit testing
It is a pass/fail test method that uses one’s sense of taste 
or smell or reaction to an irritant to detect leakage into 

Figure 2: Filtering facepiece respirator
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the respirator facepiece. Qualitative fit testing does not 
measure the actual amount of leakage. Whether the 
respirator passes or fails, the test is based simply on us 
detecting leakage of the test substance into the face-piece. 
There are four qualitative fit test methods accepted by 
the Occupational Safety and Health Act. These include 
isoamyl acetate (banana smell), saccharin (sweet taste), 
bitrex (bitter taste), and irritant smoke, which can cause 
coughing.

Quantitative fit tests
This uses a machine to measure the actual amount of 
leakage into the facepiece and does not rely upon an 
individual’s response to stimuli. The respirators used 
during this type of fit testing will have a probe attached 
to the facepiece that is connected to the machine by a 
hose. Quantitative fit testing can be used for any type of 
tight-fitting respirator.

WHAT ARE THE MEASURES FOR 
PROLONGING USE DURING THE CRISIS?

Because of shortages of N-95 masks experienced by almost 
all hospitals, every attempt to prolong their life and use 
without compromising safety should be explored. Three 
measures that allow more prolonged use of N-95 respirators 
have been looked at.
a. Extended use refers to the concept of wearing the 

same respirator for repeated close contact encounters 
with several patients, without removing the respirator 
between patient encounters. WHO recommends 
extended use of PPE, if necessary in the current crisis 
of acute shortage of PPE[11]

b. Reuse refers to the practice of using the same N-95 
respirator for multiple encounters with patients but 
removing it  (“doffing”) after each encounter. The 
respirator is stored in between encounters to be later put 
on again (“donned”) prior to the next patient encounter. 
CDC recommends that even if it is disposable, the same 
respirator can be reused by the same HCW provided, it 
maintains its fit and function and used in accordance with 
the local infection control policies. Limited reuse may 
also be considered as an option for conserving respirators 

in hospitals where they are in short supply during this 
pandemic. Extended use is preferred over reuse as it 
involves less risk of contact transmission.[16] Some practical 
points to be considered with regards to extended/limited 
reuse of respirators are outlined in Table 3

c. Decontamination to increase the life may compromise the 
fit, filtration efficiency, and breathability of disposable 
respirators as a result of changes to the filtering material, 
straps, nose bridge material, or strap attachments. 
Decontamination and reuse are not recommended as the 
standard of care but may be considered at times of crisis.
[17] An ideal decontamination method must remove the 
viral threat, not affect laboratory performance (filter 
aerosol penetration and filter airflow resistance), 
should not compromise the fit or integrity of the various 
elements of the respirator, be harmless to the user. There 
is a lack of current data supporting the effectiveness 
of these decontamination methods specifically against 
SARS-CoV-2; hence, these respirators must be carefully 
handled even after decontamination. The three most 
promising decontamination methods are:

Ultraviolet germicidal irradiation (UVGI)
Has a promising role in inactivating human respiratory 
viruses, including coronaviruses, on various models 
of N-95s. It has been shown to keep the antimicrobial 
efficacy  >99.99%  (for influenza, SARS‑CoV‑1 and 2 
and MERS-CoV) without compromising on fit even after 
3 cycles of decontamination with UVGI.[17] The levels of 
UVGI used to inactivate the virus is well below that which 
adversely affects the fit and filtration characteristics of 
N-95 masks;[18] UVGI exposures of 1 J/cm2 are effective 
in decontaminating influenza virus on these masks 
and exposures as low as of 2–5  mJ/cm2 are capable of 
inactivating coronaviruses on surfaces. One study by 
Lowe et al. has used UVGI at a dose of 300 mJ/cm2, the 
dose being several folds the amount of exposure needed to 
inactivate SARS-CoV-2, thus providing a wide margin of 
safety against the virus. UVGI can be safely administered 
when appropriate safeguards are in place.[19,20] There is 
uncertainty regarding how long a UVGI treated N-95 
maintains properties to achieve an adequate fit, requiring 
health care providers to carefully inspect them before and 
after each reuse for any visible damage.

Table 2: Steps for donning and doffing
Donning Doffing
Perform	20	s	hand	hygiene	with	an	alcohol-based	detergent	or	rub Perform	hand	hygiene,	using	rub/soap	and	water
Carefully	place	the	mask	on	the	face,	cover	the	nose	and	mouth	to	minimize	the	
space	between	the	face	and	mask

Avoid	contact	with	the	front	surface	of	mask	which	is	potentially	
contaminated

Secure	the	two	ties/elastic	bands	tightly,	(the	upper	band	above	the	ears,	at	the	
crown	of	the	head	and	lower	band	below	the	ear	at	the	base	of	the	skull	around	
the	neck)

Grasp	the	bottom	tie/elastic	band	of	the	respirator,	bringing	this	to	front

Fit	and	mold	the	flexible	band	to	the	nose	bridge,	ensure	it	fits	snugly	around	the	
nose,	face	and	chin	with	an	adequate	seal

Repeat	the	process	with	the	top	tie	and	remove	the	mask	from	the	front	
holding	the	two	ties	without	touching	the	mask	itself

Exhale	firmly	into	the	N-95	once	fitted	and	ensure	there	is	no	leak	of	air	from	
the	top,	sides,	or	bottom

After	removal	or	when	inadvertently	touching	a	used	mask,	clean	your	
hands	using	an	alcohol-based	cleaner	or	wash	your	hands	using	soap	and	
water	if	visibly	soiled

Once	the	respirator	is	on	the	face,	avoid	touching	it	with	your	hands Throw	the	disposable	masks	after	use	in	a	closed	bag	and	dispose	of	them	
immediately	after	removal
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Vaporized hydrogen peroxide (VHP)
VHP decontamination for a single cycle does not 
significantly affect filter aerosol penetration and airflow 
resistance. The filtration efficacy was found to be more 
than 99.99% for the tested fungal spores. The fit was 
unaffected even after 20 cycles of treatment. The time 
for decontamination is less than an hour. It may cause 
tarnishing of metallic nosebands and straps of the 
respirator after about 20 cycles.[17] Because of the acute 
shortages of N-95s in this pandemic, the FDA, has recently 
approved and fast-tracked a Columbus-based company 
Battelle’s new technology, which uses vapor phase 
hydrogen peroxide to disinfect N-95 masks, conceding to 
the company’s request for permission to clean up to 80,000 
masks a day. Their technology allows the masks to be 
reused about 20 times without significant compromise on 
their filtration capacity. The company has developed this 
technology years ago, but the present COVID 19 pandemic 
has forced the company to ramp up their machines to 
disinfect masks on a larger scale, which is truly the need 
of the hour.[21]

Moist heat
Moist heat  (60°C and 80% relative humidity) caused 
minimal degradation in the filtration and fit performance 
of the tested respirators against two strains of influenza 
viruses. Heimbuch disinfected FFPs contaminated with 
H1N1 using moist heat and achieved a 99.99% reduction 
in virus load. An important limitation of the moist heat 
method is the uncertainty of the disinfection efficacy for 
various pathogens, including SARS-CoV-2.[17]

Currently, what is being used in some centers due 
to shortages, but cannot be recommended is the 
use of ethylene oxide  (EtO) and autoclaving. While 
EtO does not compromise the filtration efficacy, it 
may be carcinogenic and teratogenic and hence is 
not recommended.[17,22] Autoclaving and the use of 
disinfectant wipes are not recommended as they may 
alter respirator performance.[17]

Concluding remarks
In the present coronavirus pandemic, the humble N-95 
mask has proved to be the HCW’s most essential weapon. 
The shortages of these masks experienced in hospitals 
across the world have only served to underline their 
importance in protecting HCWs from this deadly airborne 
pandemic. Their absence has also highlighted how 
unprepared the world was for the pandemic that began 
in January and swept across >200 countries. This article 
provides an update on the N-95 and gives some emerging 
information on prolonging and extending their use when 
supply is critically limited.
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