
UNITED STATES OF AMERICA
DEPARTMENT OF TRANSPORTATION

OFFICE OF THE SECRETARY
WASHINGTON, D.C. 

NOTICE OF ENFORCEMENT POLICY:
ACCOMMODATION BY CARRIERS OF PERSONS WITH DISABILITIES 
WHO ARE UNABLE TO WEAR OR SAFELY WEAR MASKS WHILE ON 

COMMERCIAL AIRCRAFT

The Office of Aviation Consumer Protection (OACP), a unit within the Office of the General 
Counsel of the U.S. Department of Transportation (DOT or the Department), is issuing this 
Notice of Enforcement Policy to remind U.S. and foreign air carriers of their legal obligation to 
accommodate the needs of passengers with disabilities when developing procedures to 
implement the Federal mandate on the use of masks to mitigate the public health risks associated 
with the Coronavirus Disease 2019 (COVID-19).  OACP will exercise its prosecutorial 
discretion and provide airlines 45 days from the date of this notice to be in compliance with their 
obligation under the Air Carrier Access Act (ACAA)1 and the Department’s implementing 
regulation in 14 CFR Part 382 (Part 382) to provide reasonable accommodations to persons with 
disabilities who are unable to wear or safely wear masks, so long as the airlines demonstrate that 
they began the process of compliance as soon as this notice was issued.  

To carry out the Executive Order on Promoting COVID-19 Safety in Domestic and International 
Travel (Executive Order),2 the Centers for Disease Control and Prevention (CDC) issued an 
order on January 29, 2021 (CDC Order)3 that, among other things, requires U.S. and foreign air 
carriers to use their best efforts to ensure that persons on flights to, within, or from4 the United 
States wear a mask for the duration of travel, including when boarding and disembarking aircraft.  
The CDC Order exempts certain categories of persons from the mask-wearing mandate, 
including a person with a disability who cannot wear a mask, or who cannot safely wear a mask 

1 The ACAA, signed into law in 1986, prohibits discrimination by airlines against individuals with disabilities in 
commercial air transportation. The Americans with Disabilities Act, signed into law after the ACAA in 1990, 
prohibits discrimination against individuals with disabilities in employment, state or local government, public 
accommodations, commercial facilities, telecommunications, and transportation other than by commercial airlines. 
2  Exec. Order No. 13998, 86 FR 7205 (Jan. 26, 2021).
3  Order Under Section 361 of the Public Health Service Act (42 U.S.C. 264) and 42 Code of Federal Regulations 
70.2, 71.31(b), 71.32(b): Requirement for Persons to Wear Masks While on Conveyances and at Transportation 
Hubs (CDC Order), available at https://www.cdc.gov/quarantine/pdf/Mask-Order-CDC_GMTF_01-29-21-p.pdf.  
4 CDC Order specifies that “[c]onveyance operators must also require all persons to wear masks on board 
conveyances departing from the United States and for the duration of their travel until the conveyance arrives at the 
foreign destination if at any time any of the persons onboard (passengers or conveyance operators) will return to the 
United States while this Order remains in effect.” CDC Order at 9.
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because of the disability.5 However, it allows airlines to impose requirements or conditions for 
carriage on the categories of persons exempted from the mask mandate, whether the person is a 
child under the age of two, a person for whom wearing a mask would create a risk to workplace 
safety, health, or job duty, or a person with a disability who is unable to wear or safely wear a 
mask because of the disability.  Additionally, on January 31, 2021, the Transportation Security 
Administration (TSA) issued a Security Directive (SD) to aircraft operators on face mask 
requirements to implement the Executive Order and to support enforcement of the CDC Order 
mandating masks.6  The Department supports actions by the airline industry to have procedures 
in place requiring passengers to wear masks in accordance with the CDC Order, CDC guidance, 
and TSA SD. At the same time, the ACAA and Part 382, which are enforced by OACP, require
airlines to make reasonable accommodations, based on individualized assessments, for 
passengers with disabilities who are unable to wear or safely wear a mask due to their disability.
This Notice sets forth the enforcement policy that OACP will apply in determining, on a 
prospective basis, whether airlines are complying with the requirements of the ACAA and Part 
382 when implementing procedures requiring mask-wearing by passengers.   

Background 

SARS-CoV-2, the virus that causes COVID-19, spreads most often when an infected person 
coughs, sneezes, or talks, and droplets from the infected individual’s mouth or nose are spread 
through the air and come in contact with people nearby.7 Persons with COVID-19 infection may 
have symptoms of fever, cough, or shortness of breath,8 or they may be asymptomatic9 or pre-
symptomatic10 but still able to spread the virus.11 CDC has made clear that appropriately worn 
masks reduce the spread of COVID-19—particularly given the evidence of pre-symptomatic and 
asymptomatic transmission of COVID-19.12

5 CDC Order at 4 and 5 (noting that this is a narrow exception that includes a person with a disability who cannot 
wear a mask for reasons related to disability).
6 TSA Security Directive 1544-21-02: Security Measures – Face Mask Requirements (January 31, 2021).
7 See Ctrs. for Disease Control & Prevention, How COVID Spreads, CDC.gov (last updated Oct. 28, 2020),
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/how-covid-spreads.html; Ctrs. for Disease Control 
& Prevention, Considerations for Wearing Masks, CDC.gov (last updated Dec. 18, 2020),
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/cloth-face-cover-guidance.html. 
8 Ctrs. for Disease Control & Prevention, Symptoms of Coronavirus, CDC.gov (last updated Dec. 22, 2020),
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html. 
9 An asymptomatic case is an individual infected with SARS-CoV-2, who does not exhibit symptoms during the 
course of infection. Ctrs. for Disease Control & Prevention, COVID-19 Pandemic Planning Scenarios, CDC.gov 
(last updated Sept. 10, 2020), https://www.cdc.gov/coronavirus/2019-ncov/hcp/planning-scenarios.html. 
10 A pre-symptomatic case of COVID-19 is an individual infected with SARS-CoV-2, who has not exhibited 
symptoms at the time of testing, but who later exhibits symptoms during the course of the infection. COVID-19 
Pandemic Planning Scenarios, supra note 8.
11 See How COVID Spreads and Considerations for Wearing Masks, supra note 6. 
12 CDC Order at 6.
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As of January 27, 2021, there have been over 99 million confirmed cases of COVID-19 globally 
and over 25 million confirmed cases of COVID-19 in the United States, with over 2 million 
deaths globally and over 400,000 deaths in the United States due to the disease.13 To slow the 
spread of COVID-19, on January 21, 2021, President Biden issued Executive Order 13998,
which directs the heads of certain Federal agencies to take immediate actions to require mask-
wearing in domestic and international transportation. The Executive Order further provides that 
the heads of agencies may make categorical or case-by-case exceptions to policies developed 
under the order, consistent with applicable law, to the extent that doing so is necessary or 
required by law.   

Pursuant to the Executive Order, on January 29, 2021, CDC issued an order directing 
conveyance operators, which includes airlines, to use best efforts to ensure that any person on the 
conveyance, such as an aircraft, wears a mask when boarding, disembarking, and for the duration 
of travel.  Recognizing that there are specific instances when wearing a mask may not be 
feasible, the CDC Order exempts several categories of persons from the mask mandate, 
including “a person with a disability who cannot wear a mask, or who cannot safely wear a mask 
because of the disability as defined by the Americans with Disabilities Act (42 U.S.C. 12101 et 
seq.).” The Americans with Disabilities Act (ADA) defines a person with a disability to include 
a person who has a physical or mental impairment that substantially limits one or more major life 
activities.14  To ensure that only qualified persons under the exemptions would be able to travel 
without a mask, the CDC Order permits operators of transportation conveyances, such as 
airlines, to impose requirements, or conditions for carriage, on persons requesting an exemption, 
including requiring a person seeking an exemption to request an accommodation in advance, 
submit to medical consultation by a third party, provide medical documentation by a licensed 
medical provider, and/or provide other information as determined by the operator.  The CDC 
Order also permits operators to require protective measures, such as a negative result from a 
SARS-CoV-2 viral test or documentation of recovery from COVID-19 or seating or otherwise 
situating the individual in a less crowded section of the conveyance, e.g., aircraft.15

In response to COVID-19, U.S. and foreign air carriers generally have implemented policies 
requiring passengers to wear masks onboard aircraft even before the issuance of the Executive 
Order and the CDC Order.  Some carriers have adopted policies that expressly allow “no 
exceptions” to the mask requirement other than for children under the age of two.16 OACP has 

13 Id. at 5.
14 42 U.S.C. 12102(4).  OACP notes that the definition of a person with a disability under the ADA is almost 
identical to the definition of a person with a disability under the Department’s ACAA regulation.   See also CDC 
Order at 4 and 5.
15 CDC Order at 4. CDC definitions for SARS-CoV-2 viral test and documentation of recovery are available in the 
Frequently Asked Questions at https://www.cdc.gov/coronavirus/2019-ncov/travelers/testing-international-air-
travelers.html. 
16 It would a violation of the ACAA to have an exemption for children under 2 on the basis that children that age 
cannot wear or safely wear a mask and not to have an exemption for the limited number of individuals with 
disabilities who similarly cannot wear or safely wear a mask when there is no evidence that these individuals with 
disabilities would pose a greater health risk to others.  See Ctrs. for Disease Control & Prevention, Information for 
Pediatric Healthcare Providers, CDC.gov (last updated Dec. 30, 2020), https://www.cdc.gov/coronavirus/2019-

y q p p
 the CDC Order permits operators of transportation conveyances, such as, p p p y ,

airlines, to impose requirements, or conditions for carriage, on persons requesting an exemption, , p q , g , p q g p
including requiring a person seeking an exemption to request an accommodation in advance, g q g p g p q ,
submit to medical consultation by a third party, provide medical documentation by a licensed y p y, p y
medical provider, and/or provide other information as determined by the operator.  The CDC
Order also permits operators to require protective measures, such as a negative result from a

p , p y p
p p q p ,

SARS-CoV-2 viral test or documentation of recovery from COVID-19 o

Some carriers have adopted policies that expressly allow “nop p p y
exceptions” to the mask requirement other than for children under k the age of two.16 OACP has



4

received complaints from persons who assert they have a disability that precludes their wearing a 
mask, and who contend that they were denied transport by an airline under a “no exceptions
allowed” mask policy.  

The CDC and other medical authorities recognize that individuals with certain medical 
conditions may have trouble breathing or other difficulties such as being unable to remove the 
mask without assistance if required to wear a mask that fits closely over the nose and mouth.17

The CDC Order provides that a mask is not required in circumstances where an individual is 
“unconscious (for reasons other than sleeping), incapacitated, unable to be awakened, or 
otherwise unable to wear the mask without assistance.”18  The Order notes that individuals may 
remove masks “who are experiencing difficulty breathing or shortness of breath or are feeling 
winded may remove the mask temporarily until able to resume normal breathing with the 
mask”.”19 Also, individuals with acute illness may remove the mask if it “interferes with 
necessary medical care such as supplemental oxygen administered via an oxygen mask.”20 CDC
will issue additional guidance regarding persons who cannot wear a mask on the basis of 
disability.21  Individuals who have a physical or mental impairment that substantially limits one 
or more major life activities are individuals with a disability for purposes of the ACAA and Part 
382.22

Legal Authority

The ACAA prohibits U.S. and foreign air carriers from denying air transportation to or otherwise 
discriminating in the provision of air transportation against a person with a disability by reason 
of the disability.23  When a policy or practice adopted by a carrier has the effect of denying 
service to or otherwise discriminating against passengers because of their disabilities, the 
Department’s disability regulations in Part 382 require the airline to modify the policy or practice 
as necessary to provide nondiscriminatory service to the passengers with disabilities, provided
that the modifications would not constitute an undue burden or fundamentally alter the airline’s 
program.24

Part 382 allows an airline to refuse to provide air transportation to an individual whom the airline 
determines presents a disability-related safety risk, provided that the airline can demonstrate that 

ncov/hcp/pediatric-hcp.html (stating that “[r]ecent evidence suggests that compared to adults, children likely have 
similar viral loads in their nasopharynx, similar secondary infections rates, and can spread the virus to others”).
17 Considerations for Wearing Masks, supra note 6.
18 CDC Order at 4. 
19 CDC Order at 4 (footnote 7).
20 CDC Order at 4 (footnote 7).
21 CDC Order at 5 (footnote 9).
22 49 U.S.C. 41705(a); 14 CFR 382.3. 
23 49 U.S.C. 41705(a); 14 CFR 382.11.
24 14 CFR 382.13.
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the individual would pose a “direct threat” to the health or safety of others onboard the aircraft,
and that a less restrictive option is not feasible.25  To support a determination that an individual 
poses such a direct threat, the airline must make “an individualized assessment, based on 
reasonable judgment that relies on current medical knowledge or on the best available objective 
evidence,” in order to ascertain “(i) [t]he nature, duration, and severity of the risk; (ii) [t]he 
probability that the potential harm to the health and safety of others will actually occur; and 
(iii) [w]hether reasonable modifications of policies, practices, or procedures will mitigate the 
risk.”26  If the airline has adequately determined, based on such an individualized assessment, 
that the passenger does pose a direct threat to the health or safety of others because of a 
disability-related condition, the airline “must select the least restrictive response from the point 
of view of the passenger, consistent with protecting the health and safety of others,” and must, 
for example, “not refuse transportation to the passenger if [the airline] can protect the health and 
safety of others by means short of a refusal” to provide transportation.27  Furthermore, the 
Department’s regulations permit the airline to impose reasonable conditions, restrictions, or 
requirements on a passenger who has a “medical condition” that may cause the passenger to pose 
a risk to the health and safety of others.28

Enforcement Policy

The authority to pursue or not to pursue enforcement action against airlines with respect to air 
travel consumer protection and civil rights requirements, including compliance with the ACAA,
lies with OACP.29

In accordance with the CDC Order, as conveyance operators, airlines are required to implement 
face mask policies that treat passengers presumptively as potential carriers of the SARS-CoV-2 
virus and, therefore, as presenting a potential threat to the health and safety of other passengers 
and the crew.30  Notably, however, the CDC Order exempts from the mask mandate a person 
with a disability who cannot wear a mask, or who cannot safely wear a mask because of the 

25 14 CFR 382.19(c)(1), (2). 
26 Id.  
27 14 CFR 382.19(c)(2).  
28 14 CFR 382.21(a)(3). The rule recognizes that a passenger with a communicable disease or infection, such as 
infection with the SARS-CoV-2 virus or other “medical condition,” may pose a direct threat to the health and safety 
of others onboard an aircraft, and the airline may be justified in refusing to transport the passenger or in requiring 
protective measures to mitigate the risk, consistent with the directives of public health authorities.  14 CFR 
382.21(a)–(b).  
29 49 U.S.C. 41705(c), 46301. The CDC Order requiring aircraft operators to mandate mask use will be enforced by 
the Transportation Security Administration under its statutory and regulatory authorities, including 49 U.S.C. 106, 
114, 44902, 44903, and 46301; and 49 CFR 1542.303, 1544.305, and 1546.105.
30  CDC Order at 5 (“The virus that causes COVID-19 spreads very easily and sustainably between people who are 
in close contact with one another (within about 6 feet).”); id. at 7 (“Traveling on public conveyances increases a 
person’s risk of getting and spreading COVID-19 by bringing persons in close contact with others, often for 
prolonged periods, and exposing them to frequently touched surfaces.”).
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disability. The Department also requires reasonable accommodations for persons with 
disabilities who are unable to wear masks or are unable to wear them safely.31

Airlines have expressed concerns to OACP that a significant number of passengers may claim 
medical exemption from the mask requirements without an apparent credible basis.  The CDC
Order permits airlines to impose requirements or conditions for carriage on a person requesting 
an exemption, including requiring a person seeking an exemption to request an accommodation 
in advance, submit to medical consultation by a third party, provide medical documentation by a 
licensed medical provider, and/or provide other information as determined by the airline.32

Similarly, under the Department’s disability regulation in 14 CFR Part 382, airlines may impose 
conditions, restrictions, or requirements on a passenger asserting that a medical condition 
prevents the passenger from wearing a face mask, because the passenger may pose a direct threat 
to the health or safety of others, as any passenger is a potential carrier of the SARS-CoV-2 
virus.33  In short, both the CDC Order and Part 382 permit airlines to require passengers to 
consult with the airline’s medical expert and/or to provide medical evaluation documentation 
from the passenger’s doctor sufficient to satisfy the airline that the passenger does, indeed, have 
a recognized medical condition precluding the wearing or safe wearing of a mask.

Airlines have also represented to OACP that, given the number of passengers making such 
claims, it is not practicable for airlines to make the required individualized assessment of 
appropriate mitigation measures at the airport on the day of the flight.  Under the Department’s 
disability regulation in Part 382, airlines must conduct an individualized assessment of the 
potential ways to mitigate the risk to others of allowing passengers with disabilities to fly 
without a mask.34 However, Part 382, like the CDC Order, permits airlines to require passengers 
with disabilities who are unable to wear masks to request an accommodation in advance.  
Airlines may also require such passengers to check in early and to agree to undergo the required 
individualized assessment a reasonable period in advance of the scheduled flight, provided that
the process is completed on the day of travel. 

In addition, airlines may impose protective measures to reduce or prevent the risk to other 
passengers. For example, airlines may require protective measures, such as a negative result 
from a SARS-CoV-2 test,35 taken at the passenger’s own expense, during the days immediately 

31 14 CFR 382.13.
32 Id.
33 14 CFR 382.21(a)(3).
34 14 CFR 382.19(c)(1). 
35 On January 12, 2021, CDC issued an order requiring any passenger flying into the United States from a foreign 
country to provide, before boarding the flight, proof of a negative pre-departure test result for SARS-CoV-2, the 
virus that causes COVID-19, or documentation of recovery from COVID-19 after a previous SARS-CoV-2
infection. This order became effective on January 26, 2021.  Order Under Section 361 of the Public Health Service 
Act (42 U.S.C. 264) and 42 Code of Federal Regulations 70.2, 71.31(b): Requirement for Negative Pre-Departure 
COVID-19 Test Result or Documentation of Recovery From COVID-19 for All Airlines or Other Aircraft 
Passengers Arriving into the United States from Any Foreign Country, available at
https://www.cdc.gov/quarantine/pdf/global-airline-testing-order_2021-01-2_R3-signed-encrypted-p.pdf.
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prior to the scheduled flight.36  Further, the airline may arrange for additional, appropriate 
mitigation measures, including arranging for the passenger to sit in a less crowded section of the 
plane, to take a flight at times when airports are less crowded, and/or scheduling the passenger 
on a less crowded flight.  

To ensure travelers are aware of the face mask requirements, airlines should use their best efforts 
to make this information easily available.  The Department requires airlines provide information
on request, to individuals with disabilities, about any service-related or other limitations on the 
airline’s ability to accommodate passengers with a disability.37  Also, CDC and TSA require 
airlines to provide passengers with prominent and adequate notice to facilitate awareness and 
compliance with the requirement that masks must be worn, subject to certain limited exemptions, 
to mitigate the spread of COVID-19 during air travel.38 Airlines’ obligation to provide 
information on the face mask requirements includes updating airlines’ face mask policies on 
their websites to ensure accuracy and consistency with the ACAA, CDC Order and TSA SD.39

In recognition of the CDC Order, as well as airlines’ efforts to minimize the potential for 
transmission of the virus onboard aircraft by implementing policies requiring passengers to wear 
masks onboard aircraft even before the issuance of the CDC Order, OACP will exercise its 
prosecutorial discretion and provide airlines an opportunity to follow the steps described herein 
to become compliant before taking further action.40 Airlines are expected to review their face 
mask policies immediately and to revise them as necessary to comply with the ACAA and 
Department’s disability regulation in Part 382. OACP will refrain from taking enforcement 
action against an airline for a period of up to 45 days from the date of this notice, so long as the 
airline demonstrates that it began the process of compliance as soon as this notice was issued.  
This timeframe should provide airlines with adequate time to review and revise their mask 
procedures as needed to comply with the law.41

36 A positive test result for SARS-CoV-2, the virus that causes COVID-19, is a valid reason for an airline to deny 
transport to any individual, including an individual with a disability. CDC recommends isolation to separate people 
infected with SARS-CoV-2 from people who are not infected. See Ctrs. for Disease Control & Prevention, Isolate if 
You are Sick, CDC.gov (last updated Jan. 7, 2021), https://www.cdc.gov/coronavirus/2019-ncov/if-you-are-
sick/isolation.html. 
37 14 CFR 382.41.  
38 CDC Order at 1; TSA SD at 2.
39 See 14 CFR 399.79 (b)(2) (defining an airline’s practice as “deceptive” to consumers within the meaning of 
section 41712 if it is likely to mislead a consumer, acting reasonably under the circumstances, with respect to a 
material matter).
40 Every day, we are learning more about how COVID-19 spreads and affects people and communities. OACP will 
continue to follow the data and information provided by public health authorities, such as CDC, on actions necessary 
to limit the spread or impact of SARS-CoV-2 and will make changes to this notice as necessary to be consistent with 
current medical knowledge and the best available objective evidence.
41 This document is a temporary notice of enforcement discretion. Regulated entities may rely on this notice as a 
safeguard from Departmental enforcement as described herein. To the extent that this notice includes guidance on 
how regulated entities may comply with existing regulations, it does not have the force and effect of law and is not 
meant to bind the regulated entities in any way.  
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Questions regarding this Notice may be addressed to the Office of Aviation Consumer Protection 
(C-70), 1200 New Jersey Avenue, S.E., Washington, D.C. 20590. 

By: 

Blane A. Workie 
Assistant General Counsel for
Office of Aviation Consumer Protection

Dated:  February 5, 2021 

An electronic version of this document is available at http://www.dot.gov/airconsumer



Distributed by:  Air Transportation Division  Revision 1e 

http://www.faa.gov/other_visit/aviation_industry/airline_operators/airline_safety/safo  
A SAFO contains important safety information and may include recommended action.  Besides the specific action 
recommended in a SAFO, an alternative action may be as effective in addressing the safety issue named in the SAFO. The 
contents of this document do not have the force and effect of law and are not meant to bind the public in any way. This 
document is intended only to provide clarity to the public regarding existing requirements under the law or agency policies.

Subject: COVID-19: Updated Interim Occupational Health and Safety Guidance for Air Carriers and 
Crews.

Purpose: This SAFO updates SAFO 20009 and provides updated interim occupational health and safety
guidance by the Centers for Disease Control and Prevention (CDC) and the Federal Aviation
Administration (FAA) for air carriers and crewmembers regarding Coronavirus Disease 2019 (COVID-
19). The CDC and FAA are providing this additional occupational health and safety guidance for air
carriers and their crews to reduce crewmembers’ risk of exposure to COVID-19 and decrease the risk of 
transmission of COVID-19 on board aircraft and to destination communities through air travel.

Background: SARS-CoV-2, the virus that causes COVID-19, has spread throughout the world and to all 
States and territories of the United States (U.S.). Air carriers and crews conducting flight operations 
having a nexus to the United States, including both U.S. and foreign air carriers, should follow CDC’s
occupational health and safety guidance as outlined in the Appendix below. 

Discussion: On January 30, 2020, the World Health Organization (WHO) declared that the outbreak of 
COVID-19 constituted a Public Health Emergency of International Concern (PHEIC). On January 31, 
2020, the Secretary of Health and Human Services declared COVID-19 to be a public health emergency
in the United States under section 319 of the Public Health Service Act.1 On March 11, 2020, WHO
characterized the outbreak of COVID-19 as a pandemic. On March 13, 2020, the President declared a 
national emergency concerning the COVID-19 outbreak.  

Because air travel remains essential, including transportation of personnel and supplies necessary to
support COVID-19 response and recovery efforts, it is critical to protect the health and safety of crews
while ensuring that essential flight operations can continue. The FAA and CDC recommend that air
carriers and crewmembers take precautions to avoid exposure of crewmembers to SARS-CoV-2.  
Crewmembers should not work while symptomatic with fever, cough, or shortness of breath, or other 

1 This public health emergency has been renewed several times since January, most recently on October 23, 2020.

SAFO
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national emergency concerning cy the COVID-19 outbreak.  
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Determination of a National Emergency Requiring Actions to Protect the Safety of 

Americans Using and Employed by the Transportation System 

As reflected in numerous determinations by the Executive Branch, including the

President’s March 13, 2020 determination that the outbreak of Coronavirus Disease 2019 

(COVID-19) constitutes a “national emergency” under the National Emergencies Act and the

nationwide public health emergency declared by the Secretary of Health and Human Services on

January 31, 2020, the COVID-19 pandemic continues to pose a threat to our health and security.

On January 15, 2021, the Centers for Disease Control and Prevention (CDC) updated their 

information to account for several new strains of COVID-19, including variant B.1.1.7 from the 

United Kingdom, variant B.1.351 from South Africa, and variant B.1.1.28.1 from Brazil. As of 

January 20, 2021, the United States has experienced more than 24 million confirmed COVID-19

cases and more than 400,000 COVID-19 deaths. The CDC, the Surgeon General, and the 

National Institutes of Health have concluded that mask-wearing, physical distancing, appropriate 

ventilation, and timely testing can mitigate the risk of travelers spreading COVID-19. On 

January 21, 2021, the President issued the Executive Order on Promoting COVID-19 Safety in 

Domestic and International Travel. The purpose of this Executive Order is to save lives and 

allow all Americans, including the millions of people employed in the transportation industry, to 

travel and work safely. Further, on January 25, 2021 the President issued a Proclamation on the 

Suspension of Entry as Immigrants and Non-Immigrants of Certain Additional Persons Who 

Pose a Risk of Transmitting Coronavirus Disease whereby he reinstituted travel restriction for 

individuals traveling to the United States from the United Kingdom, Ireland, the Schengen Area,

and instituted restrictions for South Africa. 

In the light of these circumstances and direction from the President, and after consultation 

with public health officials, I, David P. Pekoske, Acting Secretary of Homeland Security, 

pursuant to the authority vested in me under section 101 of the Aviation and Transportation 

Security Act (ATSA), as codified at section 114(g) of title 49, United States Code (U.S.C.) do

hereby determine that a national emergency exists and am directing the Transportation Security 

Administration to take actions consistent with the authorities in ATSA as codified at 49 U.S.C. 

sections 106(m) and 114(f), (g), (l), and (m) to implement the Executive Order to promote safety 

in and secure the transportation system. This includes supporting the CDC in the enforcement of 

any orders or other requirements necessary to protect the transportation system, including 

Determination of a National Emergency Requiring Actions to Protect the Safety of 

Americans Using and Employed by the Transportation System 

On

January 21, 2021, the President issued the Executive Order on Promoting COVID-19 Safety in 

Domestic and International Travel. 

I, David P. Pekoske, Acting Secretary of Homeland Security, 

pursuant to the authority vested in me under section 101 of the Aviation and Transportation 

Security Act (ATSA), as codified at section 114(g) of title 49, United States Code (U.S.C.) do

hereby determine that a national emergency exists and am directing the Transportation Security 

Administration to take actions consistent with the authorities in ATSA as codified at 49 U.S.C.

sections 106(m) and 114(f), (g), (l), and (m) to implement the Executive Order to promote safety 

in and secure the transportation system. This includes supporting the CDC in the enforcement of 

any orders or other requirements necessary to protect the transportation system, including 
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passengers and employees, from COVID-19 and to mitigate the spread of COVID-19 through the 

transportation system, to the extent appropriate and consistent with applicable law. I specifically 

direct the Transportation Security Administration to use its authority to accept the services of, 

provide services to, or otherwise cooperate with other federal agencies, including through the 

implementation of countermeasures with appropriate departments, agencies, and 

instrumentalities of the United States in order to address a threat to transportation, recognizing 

that such threat may involve passenger and employee safety. 

________________________1/27/2021 

David P. Pekoske 

Acting Secretary 

Department of Homeland Security 

passengers and employees, from COVID-19 and to mitigate the spread of COVID-19 through the 

transportation system, to the extent appropriate and consistent with applicable law. I specifically 

direct the Transportation Security Administration to use its authority to accept the services of, 

provide services to, or otherwise cooperate with other federal agencies, including through the 

implementation of countermeasures with appropriate departments, agencies, and 

instrumentalities of the United States in order to address a threat to transportation, recognizing

that such threat may involve passenger and employee safety.

_1/27/2021

David P. Pekoske

Acting Secretary 

Department of Homeland Security 
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The rapidly changing nature of the 
pandemic requires not only that CDC act 
swiftly, but also deftly to ensure that its 
actions are commensurate with the 
threat. This necessarily involves 
assessing evolving conditions that 
inform CDC’s determinations. 

The conditions that existed on 
September 4, 2020 have only worsened. 
As of January 21, 2021, there have been 
over 24,400,000 cases and over 400,000 
deaths. Data collected by Princeton 
University show that eviction filings are 
occurring; it is therefore expected that 
large numbers of evictions would be 
processed if the Order were to expire. 
[https://evictionlab.org/eviction- 
tracking]. Without this Order, there is 
every reason to expect that evictions 
will increase significantly, resulting in 
further spread of COVID–19. It is 
imperative is to act quickly to protect 
the public health, and it would be 
impracticable and contrary to the public 
interest to delay the issuance and 
effective date of the Order pending 
notice-and-comment rulemaking. 

Similarly, if this Order qualifies as a 
rule under the APA, the Office of 
Information and Regulatory Affairs 
(OIRA) has determined that it would be 
a major rule under the Congressional 
Review Act (CRA). But there would not 
be a delay in its effective date. The 
agency has determined that for the same 
reasons, there would be good cause 
under the CRA to make the 
requirements herein effective 
immediately 

If any provision of this Order, or the 
application of any provision to any 
persons, entities, or circumstances, shall 
be held invalid, the remainder of the 
provisions, or the application of such 
provisions to any persons, entities, or 
circumstances other than those to which 
it is held invalid, shall remain valid and 
in effect. 

This Order shall be enforced by 
federal authorities and cooperating state 
and local authorities through the 
provisions of 18 U.S.C. 3559, 3571; 42 
U.S.C. 243, 268, 271; and 42 CFR 70.18. 
However, this Order has no effect on the 
contractual obligations of renters to pay 
rent and shall not preclude charging or 
collecting fees, penalties, or interest as 
a result of the failure to pay rent or other 
housing payment on a timely basis, 
under the terms of any applicable 
contract. 

Criminal Penalties 
Under 18 U.S.C. 3559, 3571; 42 U.S.C. 

271; and 42 CFR 70.18, a person 
violating this Order may be subject to a 
fine of no more than $100,000 if the 
violation does not result in a death, or 
a fine of no more than $250,000 if the 

violation results in a death, or as 
otherwise provided by law. An 
organization violating this Order may be 
subject to a fine of no more than 
$200,000 per event if the violation does 
not result in a death or $500,000 per 
event if the violation results in a death 
or as otherwise provided by law. The 
U.S. Department of Justice may initiate 
criminal proceedings as appropriate 
seeking imposition of these criminal 
penalties. 

Notice to Cooperating State and Local 
Officials 

Under 42 U.S.C. 243, the U.S. 
Department of Health and Human 
Services is authorized to cooperate with 
and aid state and local authorities in the 
enforcement of their quarantine and 
other health regulations and to accept 
state and local assistance in the 
enforcement of Federal quarantine rules 
and regulations, including in the 
enforcement of this Order. 

Notice of Available Federal Resources 
While this Order to prevent eviction 

is effectuated to protect the public 
health, the states and units of local 
government are reminded that the 
Federal Government has deployed 
unprecedented resources to address the 
pandemic, including housing assistance. 

The Department of Housing and 
Urban Development (HUD) has 
informed CDC that all HUD grantees— 
states, cities, communities, and 
nonprofits—who received Emergency 
Solutions Grants (ESG) or Community 
Development Block Grant (CDBG) funds 
under the CARES Act may use these 
funds to provide temporary rental 
assistance, homelessness prevention, or 
other aid to individuals who are 
experiencing financial hardship because 
of the pandemic and are at risk of being 
evicted, consistent with applicable laws, 
regulations, and guidance. 

HUD has further informed CDC that: 
HUD’s grantees and partners play a 

critical role in prioritizing efforts to 
support this goal. As grantees decide 
how to deploy CDBG–CV and ESG–CV 
funds provided by the CARES Act, all 
communities should assess what 
resources have already been allocated to 
prevent evictions and homelessness 
through temporary rental assistance and 
homelessness prevention, particularly to 
the most vulnerable households. 

HUD stands at the ready to support 
American communities take these steps 
to reduce the spread of COVID–19 and 
maintain economic prosperity. Where 
gaps are identified, grantees should 
coordinate across available Federal, 
non-Federal, and philanthropic funds to 
ensure these critical needs are 

sufficiently addressed and utilize HUD 
’s technical assistance to design and 
implement programs to support a 
coordinated response to eviction 
prevention needs. For program support, 
including technical assistance, please 
visit www.hudexchange.info/program- 
support. For further information on 
HUD resources, tools, and guidance 
available to respond to the COVID–19 
pandemic, state and local officials are 
directed to visit https://www.hud.gov/ 
coronavirus. These tools include 
toolkits for Public Housing Authorities 
and Housing Choice Voucher landlords 
related to housing stability and eviction 
prevention, as well as similar guidance 
for owners and renters in HUD-assisted 
multifamily properties. 

Similarly, the Department of the 
Treasury has informed CDC that the 
funds allocated through the Coronavirus 
Relief Fund and the Emergency Rental 
Assistance Program may be used to fund 
rental assistance programs to prevent 
eviction. Visit https://
home.treasury.gov/policy-issues/cares/ 
state-and-local-governments for more 
information about the Coronavirus 
Relief Fund and https://
home.treasury.gov/policy-issues/cares/ 
emergency-rental-assistance-program 
for more information about the 
Emergency Rental Assistance Program.. 

Effective Date 

This Order is effective on January 31, 
2021 and will remain in effect, unless 
extended, modified, or rescinded, 
through March 31, 2021. 

Authority 

The authority for this Order is Section 
361 of the Public Health Service Act (42 
U.S.C. 264) and 42 CFR 70.2. 

Dated: January 29, 2021. 
Sherri Berger 
Acting Chief of Staff, Centers for Disease 
Control and Prevention. 
[FR Doc. 2021–02243 Filed 1–29–21; 4:15 pm] 

BILLING CODE 4163–18–P 

DEPARTMENT OF HEALTH AND 
HUMAN SERVICES 

Centers for Disease Control and 
Prevention 

Requirement for Persons To Wear 
Masks While on Conveyances and at 
Transportation Hubs 

AGENCY: Centers for Disease Control and 
Prevention (CDC), Department of Health 
and Human Services (HHS). 

ACTION: Notice of Agency Order. 

VerDate Sep<11>2014 17:21 Feb 02, 2021 Jkt 253001 PO 00000 Frm 00037 Fmt 4703 Sfmt 4703 E:\FR\FM\03FEN1.SGM 03FEN1jb
el

l o
n 

D
S

K
JL

S
W

7X
2P

R
O

D
 w

ith
 N

O
T

IC
E

S

DEPARTMENT OF HEALTH AND 
HUMAN SERVICES 

Centers for Disease Control and 
Prevention 

Requirement for Persons To Wear q
Masks While on Conveyances and at 
Transportation Hubs 

ACTION: Notice of Agency Order. 

Plaintiff's Exhibit 57



8026 Federal Register / Vol. 86, No. 21 / Wednesday, February 3, 2021 / Notices 

1 As used in this Order, ‘‘persons’’ includes 
travelers (i.e., passengers and crew), conveyance 
operators, and any workers or service providers in 
the transportation hub. 

2 To ‘‘wear a mask’’ means to wear a mask over 
the nose and mouth. 

3 This includes international, interstate, or 
intrastate waterways, subject to the jurisdiction of 
the United States. 

4 As a condition of this controlled free pratique 
to commence or continue operations in the United 
States, conveyance operators must additionally 
require all persons to wear masks on board 
conveyances departing from the United States and 
for the duration of their travel until the conveyance 
arrives at the foreign destination if at any time any 
of the persons on the conveyance (passengers, crew, 
or conveyance operators) will return to the United 
States while this Order remains in effect. This 
precaution must be followed regardless of 
scheduled itinerary. 

SUMMARY: The Centers for Disease 
Control and Prevention (CDC), a 
component of the U.S. Department of 
Health and Human Services (HHS), 
announces an Agency Order requiring 
persons to wear masks over the mouth 
and nose when traveling on any 
conveyance (e.g., airplanes, trains, 
subways, buses, taxis, ride-shares, 
ferries, ships, trolleys, and cable cars) 
into or within the United States. A 
person must also wear a mask on any 
conveyance departing from the United 
States until the conveyance reaches its 
foreign destination. Additionally, a 
person must wear a mask while at any 
transportation hub within the United 
States (e.g., airport, bus terminal, 
marina, train station, seaport or other 
port, subway station, or any other area 
that provides transportation within the 
United States). Furthermore, operators 
of conveyances and transportation hubs 
must use best efforts to ensure that 
persons wear masks as required by this 
Order. 
DATES: This Order takes effect at 11:59 
p.m. Monday February 1, 2021. 
FOR FURTHER INFORMATION CONTACT: 
Jennifer Buigut, Division of Global 
Migration and Quarantine, Centers for 
Disease Control and Prevention, 1600 
Clifton Road NE, MS H16–4, Atlanta, 
GA 30329. Email: dgmqpolicyoffice@
cdc.gov. 
SUPPLEMENTARY INFORMATION: The virus 
that causes COVID–19 spreads very 
easily and sustainably between people 
who are in close contact with one 
another (within about 6 feet) mainly 
through respiratory droplets produced 
when an infected person coughs, 
sneezes, or talks. These droplets can 
land in the mouths, eyes, or noses of 
people who are nearby and possibly be 
inhaled into the lungs. Some people 
without symptoms also spread the virus. 
In general, the more closely a person 
interacts with others and the longer that 
interaction, the higher the risk of 
COVID–19 spread. 

This Order is issued to preserve 
human life; maintain a safe and 
operating transportation system; 
mitigate the further introduction, 
transmission, and spread of COVID–19 
into the United States and from one 
state or territory into any other state or 
territory; and support response efforts to 
COVID–19 at the Federal, state, local, 
territorial, and tribal level. 

Appropriately worn masks reduce the 
spread of COVID–19—particularly given 
the evidence of pre-symptomatic and 
asymptomatic transmission of COVID– 
19. Masks are most likely to reduce the 
spread of COVID–19 when they are 
widely used by people in public 

settings. Using masks along with other 
preventive measures, including social 
distancing, frequent handwashing, and 
cleaning and disinfecting frequently 
touched surfaces, is one of the most 
effective strategies available for 
reducing COVID–19 transmission. 

This Order will remain in effect 
unless modified or rescinded based on 
specific public health or other 
considerations, or until the Secretary of 
Health and Human Services rescinds the 
determination under section 319 of the 
Public Health Service Act (42 U.S.C. 
247d) that a public health emergency 
exists. 

A copy of the Order is provided below 
and a copy of the signed order can be 
found at https://www.cdc.gov/ 
quarantine/masks/mask-travel- 
guidance.html 

CENTERS FOR DISEASE CONTROL 
AND PREVENTION 

DEPARTMENT OF HEALTH AND 
HUMAN SERVICES 

ORDER UNDER SECTION 361 

OF THE PUBLIC HEALTH SERVICE 
ACT (42 U.S.C. 264) 

AND 42 CODE OF FEDERAL 
REGULATIONS 70.2, 71.31(b), 71.32(b) 

REQUIREMENT FOR PERSONS TO 
WEAR MASKS 

WHILE ON CONVEYANCES AND AT 
TRANSPORTATION HUBS 

SUMMARY: 

Notice and Order; and subject to the 
limitations under ‘‘Applicability,’’ 
pursuant to 42 U.S.C. 264(a) and 42 CFR 
70.2, 71.31(b), and 71.32(b): 

(1) Persons 1 must wear 2 masks over 
the mouth and nose when traveling on 
conveyances into and within the United 
States. Persons must also wear masks at 
transportation hubs as defined in this 
Order. 

(2) A conveyance operator 
transporting persons into and within the 
United States 3 must require all persons 
onboard to wear masks for the duration 
of travel. 

(3) A conveyance operators operating 
a conveyance arriving at or departing 
from a U.S. port of entry must require 
all persons on board to wear masks for 

the duration of travel as a condition of 
controlled free pratique.4 

(4) Conveyance operators must use 
best efforts to ensure that any person on 
the conveyance wears a mask when 
boarding, disembarking, and for the 
duration of travel. Best efforts include: 

• Boarding only those persons who 
wear masks; 

• instructing persons that Federal law 
requires wearing a mask on the 
conveyance and failure to comply 
constitutes a violation of Federal law; 

• monitoring persons onboard the 
conveyance for anyone who is not 
wearing a mask and seeking compliance 
from such persons; 

• at the earliest opportunity, 
disembarking any person who refuses to 
comply; and 

• providing persons with prominent 
and adequate notice to facilitate 
awareness and compliance of the 
requirement of this Order to wear a 
mask; best practices may include, if 
feasible, advance notifications on digital 
platforms, such as on apps, websites, or 
email; posted signage in multiple 
languages with illustrations; printing 
the requirement on transit tickets; or 
other methods as appropriate. 

(5) Operators of transportation hubs 
must use best efforts to ensure that any 
person entering or on the premises of 
the transportation hub wears a mask. 
Best efforts include: 

• Allowing entry only to those 
persons who wear masks; 

• instructing persons that Federal law 
requires wearing a mask in the 
transportation hub and failure to 
comply constitutes a violation of 
Federal law; 

• monitoring persons on the premises 
of the transportation hub for anyone 
who is not wearing a mask and seeking 
compliance from such persons; 

• at the earliest opportunity, 
removing any person who refuses to 
comply from the premises of the 
transportation hub; and 

• providing persons with prominent 
and adequate notice to facilitate 
awareness and compliance with the 
requirement of this Order to wear a 
mask; best practices may include, if 
feasible, advance notifications on digital 
platforms, such as on apps, websites, or 
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5 This includes rideshares meaning arrangements 
where passengers travel in a privately owned road 
vehicle driven by its owner in connection with a 
fee or service. 

6 A properly worn mask completely covers the 
nose and mouth of the wearer. A mask should be 
secured to the head, including with ties or ear 
loops. A mask should fit snugly but comfortably 
against the side of the face. Masks do not include 
face shields. Masks can be either manufactured or 
homemade and should be a solid piece of material 
without slits, exhalation valves, or punctures. 
Medical masks and N–95 respirators fulfill the 
requirements of this Order. CDC guidance for 
attributes of acceptable masks in the context of this 
Order is available at: https://www.cdc.gov/ 
quarantine/masks/mask-travel-guidance.html. 

7 Persons who are experiencing difficulty 
breathing or shortness of breath or are feeling 
winded may remove the mask temporarily until 
able to resume normal breathing with the mask. 
Persons who are vomiting should remove the mask 
until vomiting ceases. Persons with acute illness 
may remove the mask if it interferes with necessary 
medical care such as supplemental oxygen 
administered via an oxygen mask. 

8 Operators of conveyances or transportation hubs 
may impose requirements, or conditions for 
carriage, on persons requesting an exemption from 
the requirement to wear a mask, including medical 
consultation by a third party, medical 
documentation by a licensed medical provider, 
and/or other information as determined by the 
operator, as well as require evidence that the person 
does not have COVID–19 such as a negative result 
from a SARS–CoV–2 viral test or documentation of 
recovery from COVID–19. CDC definitions for 
SARS-CoV–2 viral test and documentation of 
recovery are available in the Frequently Asked 
Questions at: https://www.cdc.gov/coronavirus/ 
2019-ncov/travelers/testing-international-air- 
travelers.html. Operators may also impose 
additional protective measures that improve the 
ability of a person eligible for exemption to 
maintain social distance (separation from others by 
6 feet), such as scheduling travel at less crowded 
times or on less crowded conveyances, or seating 
or otherwise situating the individual in a less 
crowded section of the conveyance or 
transportation hub. Operators may further require 
that persons seeking exemption from the 
requirement to wear a mask request an 
accommodation in advance. 

9 This is a narrow exception that includes a 
person with a disability who cannot wear a mask 

Continued 

email; posted signage in multiple 
languages with illustrations; printing 
the requirement on transit tickets; or 
other methods as appropriate. 

DEFINITIONS: 

Controlled free pratique shall have the 
same definition as under 42 CFR 71.1, 
meaning ‘‘permission for a carrier to 
enter a U.S. port, disembark, and begin 
operation under certain stipulated 
conditions.’’ 

Conveyance shall have the same 
definition as under 42 CFR 70.1, 
meaning ‘‘an aircraft, train, road 
vehicle,5 vessel . . . or other means of 
transport, including military.’’ Included 
in the definition of ‘‘conveyance’’ is the 
term ‘‘carrier’’ which under 42 CFR 71.1 
has the same definition as conveyance 
under 42 CFR 70.1. 

Conveyance operator means an 
individual operating a conveyance and 
an individual or organization causing or 
authorizing the operation of a 
conveyance. 

Mask means a material covering the 
nose and mouth of the wearer, 
excluding face shields.6 

Interstate traffic shall have the same 
definition as under 42 CFR 70.1, 
meaning 

‘‘(1): 
(i) The movement of any conveyance 

or the transportation of persons or 
property, including any portion of such 
movement or transportation that is 
entirely within a state or possession— 

(ii) From a point of origin in any state 
or possession to a point of destination 
in any other state or possession; or 

(iii) Between a point of origin and a 
point of destination in the same state or 
possession but through any other state, 
possession, or contiguous foreign 
country. 

(2) Interstate traffic does not include 
the following: 

(i) The movement of any conveyance 
which is solely for the purpose of 
unloading persons or property 
transported from a foreign country or 
loading persons or property for 
transportation to a foreign country. 

(ii) The movement of any conveyance 
which is solely for the purpose of 
effecting its repair, reconstruction, 
rehabilitation, or storage.’’ 

Intrastate traffic means the movement 
of any conveyance or the transportation 
or movement of persons occurring 
solely within the boundaries of a state 
or territory, or on tribal land. 

Possession shall have the same 
definition as under 42 CFR 70.1 and 
71.1, meaning a ‘‘U.S. territory.’’ 

State shall have the same definition as 
under 42 CFR 70.1, meaning ‘‘any of the 
50 states, plus the District of Columbia.’’ 

Territory shall have the same 
definition as ‘‘U.S. territory’’ under 42 
CFR 70.1 and 71.1, meaning ‘‘any 
territory (also known as possessions) of 
the United States, including American 
Samoa, Guam, the [Commonwealth of 
the] Northern Mariana Islands, the 
Commonwealth of Puerto Rico, and the 
U.S. Virgin Islands.’’ 

Transportation hub means any 
airport, bus terminal, marina, seaport or 
other port, subway station, terminal 
(including any fixed facility at which 
passengers are picked-up or discharged), 
train station, U.S. port of entry, or any 
other location that provides 
transportation subject to the jurisdiction 
of the United States. 

Transportation hub operator means 
an individual operating a transportation 
hub and an individual or organization 
causing or authorizing the operation of 
a transportation hub. 

U.S. port shall have the same 
definition as under 42 CFR 71.1, 
meaning any ‘‘seaport, airport, or border 
crossing point under the control of the 
United States.’’ 

STATEMENT OF INTENT: 

This Order shall be interpreted and 
implemented in a manner as to achieve 
the following objectives: 

• Preservation of human life; 
• Maintaining a safe and secure 

operating transportation system; 
• Mitigating the further introduction, 

transmission, and spread of COVID–19 
into the United States and from one 
state or territory into any other state or 
territory; and 

• Supporting response efforts to 
COVID–19 at the Federal, state, local, 
territorial, and tribal levels. 

APPLICABILITY: 

This Order shall not apply within any 
state, locality, territory, or area under 
the jurisdiction of a Tribe that (1) 
requires a person to wear a mask on 
conveyances; (2) requires a person to 
wear a mask at transportation hubs; and 
(3) requires conveyances to transport 
only persons wearing masks. Such 

requirements must provide the same 
level of public health protection as—or 
greater protection than—the 
requirements listed herein. 

In addition, the requirement to wear 
a mask shall not apply under the 
following circumstances: 

• While eating, drinking, or taking 
medication, for brief periods; 

• While communicating with a 
person who is hearing impaired when 
the ability to see the mouth is essential 
for communication; 

• If, on an aircraft, wearing of oxygen 
masks is needed because of loss of cabin 
pressure or other event affecting aircraft 
ventilation; 

• If unconscious (for reasons other 
than sleeping), incapacitated, unable to 
be awakened, or otherwise unable to 
remove the mask without assistance; 7 or 

• When necessary to temporarily 
remove the mask to verify one’s identity 
such as during Transportation Security 
Administration screening or when asked 
to do so by the ticket or gate agent or 
any law enforcement official. 

This Order exempts the following 
categories of persons: 8 

• A child under the age of 2 years; 
• A person with a disability who 

cannot wear a mask, or cannot safely 
wear a mask, because of the disability as 
defined by the Americans with 
Disabilities Act (42 U.S.C. 12101 et 
seq.).9 
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definition as under 42 CFR 70.1, 
meaning 
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) From a point of origin in any state p g y

or possession to a point of destinationp p
in any other state or possession; 
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) Interstate traffic does not include 

the following: 

This includes rideshares meaning arrangements5 g g
where passengers travel in a privately owned roadp g p y
vehicle driven by its owner in connection with a 
fee or service.

, g
Intrastate traffic means the movement ff

of any conveyance or the transportation y y p
or movement of persons occurring p g
solely within the boundaries of a statey
or territory, or on tribal land.

g
Transportation hub means any p y

airport, bus terminal, marina, seaport or p p
other port, subway station, terminal p y
(including any fixed facility at which g y y
passengers are picked-up or discharged), p g p p g
train station, U.S. port of entry, or any p
other location that provides p
transportation subject to the jurisdiction p j
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following circumstances: 

•
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While eating, drinking, or taking g g
medication, for brief periods; 

y
This Order exempts the following p

categories of persons: 8

•
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A child under the age of 2 years;

•
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A person with a disability whop y
cannot wear a mask, or cannot safelyy
wear a mask, because of the disability as 
defined by the Americans with y
Disabilities Act (42 U.S.C. 12101 et 
seq.).9

Persons who are experiencing difficultyp g y
breathing or shortness of breath or are feelingg g
winded may remove the mask temporarily untily p y
able to resume normal breathing with the mask.

Operators of conveyances or transportation hubsp y p
may impose requirements, or conditions fory p q
carriage, on persons requesting an exemption fromg p q g p
the requirement to wear a mask, including medical q
consultation by a third party, medical y p y
documentation by a licensed medical provider,y p
and/or other information as determined by they
operator, as well as require evidence that the personp q p
does not have COVID–19 such as a negative resultg
from a SARS–CoV–2 viral test or documentation of 
recovery from COVID–19.

y
Operators may further requirep p y

that persons seeking exemption from thep g p
requirement to wear a mask request anq
accommodation in advance.

This is a narrow exception that includes a p
person with a disability who cannot wear a mask 

9 T
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guidance.html. 
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promoting-covid-19-safety-in-domestic-and- 
international-travel/. 
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emerging-variants.html. 
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• A person for whom wearing a mask 
would create a risk to workplace health, 
safety, or job duty as determined by the 
relevant workplace safety guidelines or 
federal regulations. 

This Order exempts the following 
categories of conveyances, including 
persons on board such conveyances: 

• Private conveyances operated solely 
for personal, non-commercial use; 

• Commercial motor vehicles or 
trucks as these terms are defined in 49 
CFR 390.5, if the driver is the sole 
occupant of the vehicle or truck; 

• Conveyances operated or chartered 
by the U.S. military services provided 
that such conveyance operators observe 
Department of Defense precautions to 
prevent the transmission of COVID–19 
that are equivalent to the precautions in 
this Order. 

This Order applies to persons on 
conveyances and at transportation hubs 
directly operated by U.S. state, local, 
territorial, or tribal government 
authorities, as well as the operators 
themselves. U.S. state, local, territorial, 
or tribal government authorities directly 
operating conveyances and 
transportation hubs may be subject to 
additional federal authorities or actions, 
and are encouraged to implement 
additional measures enforcing the 
provisions of this Order regarding 
persons traveling onboard conveyances 
and at transportation hubs operated by 
these government entities. 

To the extent permitted by law, and 
consistent with President Biden’s 
Executive Order of January 21, 2021 
(Promoting COVID–19 Safety in 
Domestic and International Travel),10 
Federal agencies are required to 
implement additional measures 
enforcing the provisions of this Order. 

BACKGROUND: 

There is currently a pandemic of 
respiratory disease (coronavirus disease 
2019 or ‘‘COVID–19’’) caused by a novel 
coronavirus (SARS–COV–2). As of 
January 27, 2021, there have been 
99,638,507 confirmed cases of COVID– 
19 globally, resulting in more than 
2,141,000 deaths. As of January 27, 
2021, there have been over 25,000,000 
cases identified in the United States and 
over 415,000 deaths due to the disease. 
New SARS–CoV–2 variants have 
emerged in recent weeks, including at 

least one with evidence of increased 
transmissibility.11 

The virus that causes COVID–19 
spreads very easily and sustainably 
between people who are in close contact 
with one another (within about 6 feet) 
mainly through respiratory droplets 
produced when an infected person 
coughs, sneezes, or talks. These droplets 
can land in the mouths, eyes, or noses 
of people who are nearby and possibly 
be inhaled into the lungs. Infected 
people without symptoms 
(asymptomatic) and those in whom 
symptoms have not yet developed (pre- 
symptomatic) can also spread the virus. 
In general, the more closely an infected 
person interacts with others and the 
longer those interactions, the higher the 
risk of COVID–19 spread. COVID–19 
may be transmitted by touching surfaces 
or objects that have the virus on them 
and then touching one’s own or another 
person’s eyes, nose, or mouth. 

Masks help prevent people who have 
COVID–19, including those who are pre- 
symptomatic or asymptomatic, from 
spreading the virus to others.12 Masks 
are primarily intended to reduce the 
emission of virus-laden droplets, i.e., 
they act as source control by blocking 
exhaled virus.13 This is especially 
relevant for asymptomatic or pre- 
symptomatic infected wearers who feel 
well and may be unaware of their 
infectiousness to others, and who are 
estimated to account for more than 50% 
of transmissions.14 15 Masks also provide 
personal protection to the wearer by 
reducing inhalation of these droplets, 
i.e., they reduce wearers’ exposure 
through filtration.16 The community 
benefit of wearing masks for SARS– 
CoV–2 control is due to the combination 
of these effects; individual prevention 
benefit increases with increasing 

numbers of people using masks 
consistently and correctly. 

Appropriately worn masks reduce the 
spread of COVID–19—particularly given 
the evidence of pre-symptomatic and 
asymptomatic transmission of COVID– 
19. Seven studies have confirmed the 
benefit of universal masking in 
community level analyses: in a unified 
hospital system,17 a German city,18 a 
U.S. State,19 a panel of 15 U.S. States 
and Washington, DC,20 21 as well as both 
Canada 22 and the United States 23 
nationally. Each analysis demonstrated 
that, following directives from 
organizational and political leadership 
for universal masking, new infections 
fell significantly. Two of these 
studies 24 25 and an additional analysis 
of data from 200 countries that included 
localities within the United States 26 
also demonstrated reductions in 
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provisions of this Order regarding p g g
persons traveling onboard conveyances p g y
and at transportation hubs operated by p
these government entities. 
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27 Hatzius J, Struyven D, Rosenberg I. Face Masks 
and GDP. Goldman Sachs Research https://
www.goldmansachs.com/insights/pages/face- 
masks-and-gdp.html. Accessed January 20, 2021. 

28 https://www.cdc.gov/coronavirus/2019-ncov/ 
need-extra-precautions/index.html. 

29 Based on internet sources, 37 states plus DC 
and Puerto Rico mandate the wearing of masks in 
public. Among the jurisdictions that have imposed 
mask mandates, variations in requirements exist. 
For example, exemptions for children range in 
cutoff age from 2 to 12, but masks are generally 
required in indoor public spaces such as restaurants 
and stores, on public transit and ride-hailing 
services, and outdoors when unable to maintain 6 

feet of distance from others. See https://
www.aarp.org/health/healthy-living/info-2020/ 
states-mask-mandates-coronavirus.html (accessed 
January 28, 2021). 

30 https://www.cdc.gov/vaccines/covid-19/info- 
by-product/clinical-considerations.html. 

31 https://www.cdc.gov/coronavirus/2019-ncov/ 
prevent-getting-sick/prevention.html. 

32 https://www.cdc.gov/coronavirus/2019-ncov/ 
hcp/duration-isolation.html. 

mortality. An economic analysis using 
U.S. data found that, given these effects, 
increasing universal masking by 15% 
could prevent the need for lockdowns 
and reduce associated losses of up to $1 
trillion or about 5% of gross domestic 
product.27 

Wearing a mask especially helps 
protect those at increased risk of severe 
illness from COVID–19 28 and workers 
who frequently come into close contact 
with other people (e.g., at transportation 
hubs). Masks are most likely to reduce 
the spread of COVID–19 when they are 
widely used by people in public 
settings. Using masks along with other 
preventive measures, including social 
distancing, frequent handwashing, and 
cleaning and disinfecting frequently 
touched surfaces, is one of the most 
effective strategies available for 
reducing COVID–19 transmission. 

Traveling on multi-person 
conveyances increases a person’s risk of 
getting and spreading COVID–19 by 
bringing persons in close contact with 
others, often for prolonged periods, and 
exposing them to frequently touched 
surfaces. Air travel often requires 
spending time in security lines and 
crowded airport terminals. Social 
distancing may be difficult if not 
impossible on flights. People may not be 
able to distance themselves by the 
recommended 6 feet from individuals 
seated nearby or those standing in or 
passing through the aircraft’s aisles. 
Travel by bus, train, vessel, and other 
conveyances used for international, 
interstate, or intrastate transportation 
pose similar challenges. 

Intrastate transmission of the virus 
has led to—and continues to lead to— 
interstate and international spread of 
the virus, particularly on public 
conveyances and in travel hubs, where 
passengers who may themselves be 
traveling only within their state or 
territory commonly interact with others 
traveling between states or territories or 
internationally. Some states, territories, 
Tribes, and local public health 
authorities have imposed mask-wearing 
requirements within their jurisdictional 
boundaries to protect public health.29 

Any state or territory without sufficient 
mask-wearing requirements for 
transportation systems within its 
jurisdiction has not taken adequate 
measures to prevent the spread of 
COVID–19 from such state or territory to 
any other state or territory. That 
determination is based on, inter alia, the 
rapid and continuing transmission of 
the virus across all states and territories 
and across most of the world. 
Furthermore, given how interconnected 
most transportation systems are across 
the nation and the world, local 
transmission can grow even more 
quickly into interstate and international 
transmission when infected persons 
travel on non-personal conveyances 
without wearing a mask and with others 
who are not wearing masks. 

Therefore, I have determined that the 
mask-wearing requirements in this 
Order are reasonably necessary to 
prevent the further introduction, 
transmission, or spread of COVID–19 
into the United States and among the 
states and territories. Individuals 
traveling into or departing from the 
United States, traveling interstate, or 
traveling entirely intrastate, conveyance 
operators that transport such 
individuals, and transportation hub 
operators that facilitate such 
transportation, must comply with the 
mask-wearing requirements set forth in 
this Order. 

America’s transportation systems are 
essential. Not only are they essential for 
public health, they are also essential for 
America’s economy and other bedrocks 
of American life. Those transportation 
systems carry life-saving medical 
supplies and medical providers into and 
across the nation to our hospitals, 
nursing homes, and physicians’ offices. 
Trains, planes, ships, and automobiles 
bring food and other essentials to our 
communities and to our homes. Buses 
bring America’s children and teachers to 
school. Buses, trains, and subways, 
bring America’s workforce to their jobs. 

Requiring masks on our transportation 
systems will protect Americans and 
provide confidence that we can once 
again travel safely even during this 
pandemic. Therefore, requiring masks 
will help us control this pandemic and 
aid in re-opening America’s economy. 

The United States and countries 
around the world are currently 
embarking on efforts to vaccinate their 
populations, starting with healthcare 
personnel and other essential workers at 
increased risk of exposure to SARS– 

CoV–2 and people at increased risk for 
severe illness from the virus. While 
vaccines are highly effective at 
preventing severe or symptomatic 
COVID–19, at this time there is limited 
information on how much the available 
COVID–19 vaccines may reduce 
transmission in the general population 
and how long protection lasts.30 
Therefore, this mask requirement, as 
well as CDC recommendations to 
prevent spread of COVID–19,31 
additionally apply to vaccinated 
persons. Similarly, CDC recommends 
that people who have recovered from 
COVID–19 continue to take precautions 
to protect themselves and others, 
including wearing masks; 32 therefore, 
this mask requirement also applies to 
people who have recovered from 
COVID–19. 

ACTION: 
Until further notice, under 42 U.S.C. 

264(a) and 42 CFR 70.2, 71.31(b), and 
71.32(b), unless excluded or exempted 
as set forth in this Order, a person must 
wear a mask while boarding, 
disembarking, and traveling on any 
conveyance into or within the United 
States. A person must also wear a mask 
at any transportation hub that provides 
transportation within the United States. 

Conveyance operators traveling into 
or within the United States may 
transport only persons wearing masks 
and must use best efforts to ensure that 
masks are worn when embarking, 
disembarking, and throughout the 
duration of travel. Operators of 
transportation hubs must use best efforts 
to ensure that any person entering or on 
the premises of the transportation hub 
wears a mask. 

As a condition of receiving controlled 
free pratique under 42 CFR 71.31(b) to 
enter a U.S. port, disembark passengers, 
and begin operations at any U.S. port of 
entry, conveyances arriving into the 
United States must require persons to 
wear masks while boarding, 
disembarking, and for the duration of 
travel. Conveyance operators must also 
require all persons to wear masks while 
boarding and for the duration of their 
travel on board conveyances departing 
from the United States until the 
conveyance arrives at the foreign 
destination, if at any time any of the 
persons onboard (passengers, crew, or 
conveyance operators) will return to the 
United States while this Order remains 
in effect. These travel conditions are 
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33 While this Order may be enforced and CDC 
reserves the right to enforce through criminal 
penalties, CDC does not intend to rely primarily on 
these criminal penalties but instead strongly 
encourages and anticipates widespread voluntary 
compliance as well as support from other federal 
agencies in implementing additional civil measures 
enforcing the provisions of this Order, to the extent 
permitted by law and consistent with President 
Biden’s Executive Order of January 21, 2021 
(Promoting COVID–19 Safety in Domestic and 
International Travel). 

necessary to mitigate the harm of further 
introduction of COVID–19 into the 
United States. 

Requiring a properly worn mask is a 
reasonable and necessary measure to 
prevent the introduction, transmission 
and spread of COVID–19 into the United 
States and among the states and 
territories under 42 U.S.C. 264(a) and 42 
CFR 71.32(b). Among other benefits, 
masks help prevent dispersal of an 
infected person’s respiratory droplets 
that carry the virus. That precaution 
helps prevent droplets from landing in 
the eye, mouth, or nose or possibly 
being inhaled into the lungs of an 
uninfected person, or from landing on a 
surface or object that an uninfected 
person may then touch and then touch 
his or her own or another’s eyes, nose, 
or mouth. Masks also provide some 
protection to the wearer by helping 
reduce inhalation of respiratory 
droplets. 

This Order shall not apply within any 
state, locality, territory, or area under 
the jurisdiction of a Tribe, where the 
controlling governmental authority: (1) 
Requires a person to wear a mask on 
conveyances; (2) requires a person to 
wear a mask at transportation hubs; and 
(3) requires conveyances to transport 
only persons wearing masks. Those 
requirements must provide the same 
level of public health protection as—or 
greater protection than—the 
requirements listed herein. 

In accordance with 42 U.S.C. 264(e), 
state, local, territorial, and tribal 
authorities may impose additional 
requirements that provide greater public 
health protection and are more 
restrictive than the requirements in this 
Order. Consistent with other federal, 
state, or local legal requirements, this 
Order does not preclude operators of 
conveyances or transportation hubs 
from imposing additional requirements, 
or conditions for carriage, that provide 
greater public health protection and are 
more restrictive than the requirements 
in this Order (e.g., requiring a negative 
result from a SARS–CoV–2 viral test or 
documentation of recovery from 
COVID–19 or imposing requirements for 
social distancing or other recommended 
protective measures). 

This Order is not a rule within the 
meaning of the Administrative 
Procedure Act (‘‘APA’’) but rather is an 
emergency action taken under the 
existing authority of 42 U.S.C. 264(a) 
and 42 CFR 70.2, 71.31(b), 71.32(b). In 
the event that a court determines this 
Order qualifies as a rule under the APA, 
notice and comment and a delay in 
effective date are not required because 
there is good cause to dispense with 
prior public notice and comment and 

the opportunity to comment on this 
Order and the delay in effective date. 
Considering the public health 
emergency caused by COVID–19, it 
would be impracticable and contrary to 
the public’s health, and by extension the 
public’s interest, to delay the issuance 
and effective date of this Order. 
Similarly, the Office of Information and 
Regulatory Affairs has determined that 
if this Order were a rule, it would be a 
major rule under the Congressional 
Review Act, but there would not be a 
delay in its effective date as the agency 
has determined that there would be 
good cause to make the requirements 
herein effective immediately under the 
APA. 

This order is also an economically 
significant regulatory action under 
Executive Order 12866 and has 
therefore been reviewed by the Office of 
Information and Regulatory Affairs of 
the Office of Management and Budget. 
The agency is proceeding without the 
complete analysis required by Executive 
Order 12866 under the emergency 
provisions of 6(a)(3)(D) of that Order. 

If any provision of this Order, or the 
application of any provision to any 
carriers, conveyances, persons, or 
circumstances, shall be held invalid, the 
remainder of the provisions, or the 
application of such provisions to any 
carriers, conveyances, persons, or 
circumstances other than those to which 
it is held invalid, shall remain valid and 
in effect. 

To address the COVID–19 public 
health threat to transportation security, 
this Order shall be enforced by the 
Transportation Security Administration 
under appropriate statutory and 
regulatory authorities including the 
provisions of 49 U.S.C. 106, 114, 44902, 
44903, and 46301; and 49 CFR part 
1503, 1540.105, 1542.303, 1544.305 and 
1546.105. 

This Order shall be further enforced 
by other federal authorities and may be 
enforced by cooperating state and local 
authorities through the provisions of 18 
U.S.C. 3559, 3571; 42 U.S.C. 243, 268, 
271; and 42 CFR 70.18 and 71.2.33 

EFFECTIVE DATE: 
This Order shall enter into effect on 

February 1, 2021, at 11:59 p.m. and will 

remain in effect unless modified or 
rescinded based on specific public 
health or other considerations, or until 
the Secretary of Health and Human 
Services rescinds the determination 
under section 319 of the Public Health 
Service Act (42 U.S.C. 247d) that a 
public health emergency exists. 

Dated: February 1, 2021. 
Sherri Berger, 
Acting Chief of Staff, Centers for Disease 
Control and Prevention. 
[FR Doc. 2021–02340 Filed 2–1–21; 4:15 pm] 

BILLING CODE 4163–18–P 

DEPARTMENT OF THE INTERIOR 

Geological Survey 

[GX20EG31DW50100; OMB Control Number 
1028-New] 

Agency Information Collection 
Activities; Hydrography Addressing 
tool 

AGENCY: U.S. Geological Survey, 
Interior. 
ACTION: Notice of Information 
Collection; request for comment. 

SUMMARY: In accordance with the 
Paperwork Reduction Act of 1995, we, 
the U.S. Geological Survey (USGS) are 
proposing a new information collection. 
DATES: Interested persons are invited to 
submit comments on or before April 5, 
2021. 
ADDRESSES: Send your comments on 
this information collection request (ICR) 
by mail to U.S. Geological Survey, 
Information Collections Officer, 12201 
Sunrise Valley Drive MS 159, Reston, 
VA 20192; or by email to gs-info_
collections@usgs.gov. Please reference 
OMB Control Number 1028–xxxx in the 
subject line of your comments. 
FOR FURTHER INFORMATION CONTACT: To 
request additional information about 
this ICR, contact Michael Tinker by 
email at mdtinker@usgs.gov or by 
telephone at 303–202–4476. 
SUPPLEMENTARY INFORMATION: In 
accordance with the Paperwork 
Reduction Act of 1995, we provide the 
general public and other Federal 
agencies with an opportunity to 
comment on new, proposed, revised, 
and continuing collections of 
information. This helps us assess the 
impact of our information collection 
requirements and minimize the public’s 
reporting burden. It also helps the 
public understand our information 
collection requirements and provide the 
requested data in the desired format. 

We are soliciting comments on the 
proposed ICR that is described below. 
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Requiring a properly worn mask is a q g p p y
reasonable and necessary measure to y
prevent the introduction, transmission p
and spread of COVID–19 into the United p
States and among the states and g
territories under 42 U.S.C. 264(a) and 42 
CFR 71.32(b). 

)
This Order is not a rule within the

meaning of the Administrative g
Procedure Act (‘‘APA’’) but rather is an 
emergency action taken under the g y
existing authority of 42 U.S.C. 264(a) g y
and 42 CFR 70.2, 71.31(b), 71.32(b). 

To address the COVID–19 public p
health threat to transportation security, p
this Order shall be enforced by the y
Transportation Security Administration p y
under appropriate statutory and pp p y
regulatory authorities including the g y g
provisions of 49 U.S.C. 106, 114, 44902, p
44903, and 46301; and 49 CFR part p
1503, 1540.105, 1542.303, 1544.305 and 
1546.105. 

Dated: February 1, 2021. 
Sherri Berger, 
Acting Chief of Staff, Centers for Disease g f f ff
Control and Prevention. 
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Advice on the use of masks in the community, during 
home care and in health care settings in the context 
of the novel coronavirus (2019-nCoV) outbreak 

Interim guidance
29 January 2020

Introduction
This document provides rapid advice on the use of medical 
masks in communities, at home and at health care facilities in 
areas that have reported outbreaks caused by the 2019 novel 
coronavirus (2019-nCoV). It is intended for public health and 
infection prevention and control (IPC) professionals, health 
care managers, health care workers and community health 
workers. It will be revised as more data become available.  

With the current information available, it is suggested that the 
route of human-to-human transmission of 2019-nCoV is 
either via respiratory droplets or contact. Any person who is 
in close contact (within 1 meter) with someone who has 
respiratory symptoms (e.g., sneezing, coughing, etc.) is at risk 
of being exposed to potentially infective respiratory droplets.

Medical masks are surgical or procedure masks that are flat 
or pleated (some are like cups); they are affixed to the head 
with strapsa.

General Advice  
Wearing a medical mask is one of the prevention measures to 
limit spread of certain respiratory diseases, including 2019-
nCoV, in affected areas. However, the use of a mask alone
is insufficient to provide the adequate level of protection and 
other equally relevant measures should be adopted. If masks 
are to be used, this measure must be combined with hand 
hygiene and other IPC measures to prevent the human-to-
human transmission of 2019-nCov. WHO has developed 
guidance for home careb and health care settingsc on infection 
prevention and control (IPC) strategies for use when infection 
with 2019-nCoV is suspected.

Wearing medical masks when not indicated may cause 
unnecessary cost, procurement burden and create a false 
sense of security that can lead to neglecting other essential 
measures such as hand hygiene practices. Furthermore, using 
a mask incorrectly may hamper its effectiveness to reduce the 
risk of transmission.  

a Infection prevention and control of epidemic- and pandemic-
prone acute respiratory infections in health care. World Health 
Organization. (2014). Available 
at https://apps.who.int/iris/handle/10665/174652
b Home care for patients with suspected novel coronavirus (nCoV) 
infection presenting with mild symptoms and management of 
contacts. Available at https://www.who.int/publications-
detail/home-care-for-patients-with-suspected-novel-coronavirus-

Community setting
Individuals without respiratory symptoms should: 
- avoid agglomerations and frequency of closed crowded 

spaces; 
- maintain distance of at least 1 meter from any individual 

with 2019-nCoV respiratory symptoms (e.g., coughing, 
sneezing); 

- perform hand hygiene frequently, using alcohol-based 
hand rub if hands are not visibly soiled or soap and water 
when hands are visibly soiled; 

- if coughing or sneezing cover nose and mouth with 
flexed elbow or paper tissue, dispose of tissue 
immediately after use  and perform hand hygiene;

- refrain from touching mouth and nose;
- a medical mask is not required, as no evidence is 

available on its usefulness to protect non-sick persons.
However, masks might be worn in some countries 
according to local cultural habits. If masks are used, best 
practices should be followed on how to wear, remove, 
and dispose of them and on hand hygiene action after 
removal (see below advice regarding appropriate mask 
management).

Individuals with respiratory symptoms should:
- wear a medical mask and seek medical care if

experiencing fever, cough and difficulty breathing, as 
soon as possible or in accordance with to local protocols; 

- follow the below advice regarding appropriate mask 
management.

Home Care 
In view of the currently available data on the disease and its 
transmission, WHO recommends that suspected cases of 
2019-nCoV infection be cared for using isolation precautions
and monitored in a hospital setting. This would ensure both 
safety and quality of health care (in case patients’ symptoms 
worsen) and public health security. 

(ncov)-infection-presenting-with-mild-symptoms-and-
management-of-contacts
c Infection prevention and control during health care when novel 
coronavirus (nCoV) infection is suspected. Available at 
https://www.who.int/publications-detail/infection-prevention-and-
control-during-health-care-when-novel-coronavirus-(ncov)-
infection-is-suspected-20200125
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However, for several possible reasons, including situations 
when inpatient care is unavailable or unsafe (i.e. limited 
capacity and resources unable to meet demand for health care 
services), or in a case of informed refusal of hospitalization, 
home settings for health care provision may need to be 
considered. Specific IPC guidance for home care should be 
followedb. 

Individuals with suspected 2019-nCoV infection with mild 
respiratory symptoms should:
- perform hand hygiene frequently, using alcohol-based 

hand rub if hands are not visibly soiled or soap and water 
when hands are visibly soiled;

- keep distance from well individuals as much as possible 
(at least 1 meter);

- to contain respiratory secretions, a medical mask should 
be provided to the individual and worn as much as 
possible, if it can be tolerated. For individuals who
cannot tolerate a medical mask, he/she should rigorously 
apply respiratory hygiene, i.e. cover mouth and nose 
when coughing or sneezing with disposable paper tissue.
Dispose of the material after use. Clean hands 
immediately after contact with respiratory secretions; 

- improve airflow in living space by opening windows and 
door as much as possible.

Relatives or caregivers to individuals with suspected 2019-
nCoV infection with mild respiratory symptoms should:
- perform hand hygiene frequently, using alcohol-based 

hand rub if hands are not visibly soiled or soap and water 
when hands are visibly soiled;

- keep distance from affected individual as much as 
possible (at least 1 meter);

- wear a medical mask when in the same room with the
affected individual; 

- dispose of the material immediately after use. Clean 
hands immediately after contact with respiratory 
secretions; 

- improve airflow in living space by opening windows as 
much as possible.

Health Care Facilities
Individuals with respiratory symptoms should:
- wear a medical mask while waiting in triage or waiting 

areas or during transportation within the facility;
- wear a medical mask when staying in cohorting areas 

dedicated to suspected or confirmed cases;

- do not wear a medical mask when isolated in single 
rooms but cover mouth and nose when coughing or 
sneezing with disposable paper tissues. Dispose them 
appropriately and perform hand hygiene immediately 
afterwards.   

Health care workers should:
- wear a medical mask when entering a room where 

patients suspected or confirmed of being infected with
2019-nCoV are admitted and in any situation of care 
provided to a suspected or confirmed casec; 

- use a particulate respirator at least as protective as a US 
National Institute for Occupational Safety and Health 
(NIOSH)-certified N95, European Union (EU) standard 
FFP2, or equivalent, when performing aerosol-
generating procedures such as tracheal intubation, non-
invasive ventilation, tracheotomy, cardiopulmonary 
resuscitation, manual ventilation before intubation, and 
bronchoscopy.

Masks management 
If medical masks are worn, appropriate use and disposal is 
essential to ensure they are effective and to avoid any increase 
in risk of transmission associated with the incorrect use and 
disposal of masks. 

The following information on correct use of medical masks 
derives from the practices in health-care settingsd: 
- place mask carefully to cover mouth and nose and tie 

securely to minimise any gaps between the face and the 
mask; 

- while in use, avoid touching the mask;
- remove the mask by using appropriate technique (i.e. do 

not touch the front but remove the lace from behind);
- after removal or whenever you inadvertently touch a 

used mask, clean hands by using an alcohol-based hand 
rub or soap and water if visibly soiled

- replace masks with a new clean, dry mask as soon as they 
become damp/humid; 

- do not re-use single-use masks; 
- discard single-use masks after each use and dispose of 

them immediately upon removal. 

Cloth (e.g. cotton or gauze) masks are not recommended 
under any circumstance. 

© World Health Organization 2020. Some rights reserved. This work is available under the CC BY-NC-SA 3.0 IGO licence.
WHO reference number: WHO/nCov/IPC_Masks/2020.1

d Infection prevention and control of epidemic- and pandemic-
prone acute respiratory infections in health care. World Health 
Organization. (2014). Organization. https://apps.who.int/iris/handle
/10665/112656
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A do-it-yourself mask culture is springing up in the Czech Republic. This woman was photographed on the
Charles Bridge in Prague on March 28.
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Advice on the use of masks in the context of COVID-19

Interim guidance
6 April 2020

Background 

This document provides advice on the use of masks in 
communities, during home care, and in health care settings in 
areas that have reported cases of COVID-19. It is intended for 
individuals in the community, public health and infection 
prevention and control (IPC) professionals, health care 
managers, health care workers (HCWs), and community 
health workers. It will be revised as more data become 
available.  

Current information suggests that the two main routes of 
transmission of the COVID-19 virus are respiratory droplets 
and contact. espiratory droplets are generated when an 
infected person coughs or sneezes. Any person who is in close 
contact (within 1 m) with someone who has respiratory 
symptoms (coughing, sneezing) is at risk of being exposed to 
potentially infective respiratory droplets. Droplets may also 
land on surfaces where the virus could remain viable; thus, 
the immediate environment of an infected individual can 
serve as a source of transmission (contact transmission).1 

WHO has recently summarized reports of transmission of the 
COVID-19 virus and provided a brief overview of current 
evidence on transmission from symptomatic, pre-
symptomatic, and asymptomatic a people infected with 
COVID-19 (full details are provided in WHO COVID-19
Situation report 73).2   

Current evidence suggests that most disease is transmitted by 
symptomatic laboratory confirmed cases. The incubation 
period for COVID-19, which is the time between exposure to 
the virus and symptom onset, is on average 5-6 days, but can 
be as long as 14 days. During this period, also known as the 
pre-symptomatic  period, some infected persons can be 

contagious and therefore transmit the virus to others.3- In a
small number of reports, pre-symptomatic transmission has 
been documented through contact tracing efforts and 
enhanced investigation of clusters of confirmed cases.3- This 
is supported by data suggesting that some people can test 
positive for COVID-19 from 1-3 days before they develop 
symptoms.9,10  

Thus, it is possible that people infected with COVID-19 could 
transmit the virus before symptoms develop. It is important 
to recognize that pre-symptomatic transmission still requires 
the virus to be spread via infectious droplets or through 

a An asymptomatic laboratory-confirmed case is a person infected with 
COVID-19 who does not develop symptoms. Asymptomatic transmission 
refers to transmission of the virus from a person, who does not develop 

touching contaminated surfaces. WHO regularly monitors all 
emerging evidence about this critical topic and will provide 
updates as more information becomes available.

In this document medical masks are defined as surgical or 
procedure masks that are flat or pleated (some are shaped like 
cups); they are affixed to the head with straps. They are tested 
according to a set of standardized test methods (ASTM F2100, 
EN 146 3, or equivalent) that aim to balance high filtration, 
adequate breathability and optionally, fluid penetration 
resistance. This document does not focus on respirators; for 
guidance on use of respirators see IPC guidance during health 
care when COVID-19 infection is suspected.11

Wearing a medical mask is one of the prevention measures
that can limit the spread of certain respiratory viral diseases,
including COVID-19. o e e  e e o  a a alone  
n en  o o e an a e a e le el o  o e on  an  

o e  ea e  o l  al o e a o e Whether or not
masks are used, maximum compliance with hand hygiene and 
other IPC measures is critical to prevent human-to-human 
transmission of COVID-19. WHO has developed guidance on 
IPC strategies for home care12 and health care settings11 for 
use when COVID-19 is suspected.

Community settings 
Studies of influenza, influenza-like illness, and human 
coronaviruses provide evidence that the use of a medical 
mask can prevent the spread of infectious droplets from an 
infected person to someone else and potential contamination 
of the environment by these droplets.13 There is limited 
evidence that wearing a medical mask by healthy individuals 
in the households or among contacts of a sick patient, or 
among attendees of mass gatherings may be beneficial as a 
preventive measure.14-23  However, there is currently no 
evidence that wearing a mask (whether medical or other types)
by healthy persons in the wider community setting, including 
universal community masking, can prevent them from 
infection with respiratory viruses, including COVID-19. 

e al a  o l  e e e e  o  eal  a e o e
The use of medical masks in the community may create a 
false sense of security, with neglect of other essential 
measures, such as hand hygiene practices and physical 
distancing, and may lead to touching the face under the masks 
and under the eyes, result in unnecessary costs, and take 

symptoms. The true extent of asymptomatic infections will be determined 
from serologic studies.

This guidance was updated on 5 June. Click here to access the new version. 

respiratory ,
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masks away from those in health care who need them most, 
especially when masks are in short supply. 

e on   o  o l :
wear a medical mask, self-isolate, and seek medical 
advice as soon as they start to feel unwell. Symptoms can 
include fever, fatigue, cough, sore throat, and difficulty 
breathing. It is important to note that early symptoms for 
some people infected with COVID-19 may be very mild;
follow instructions on how to put on, take off, and 
dispose of medical masks; 
follow all additional preventive measures, in particular, 
hand hygiene and maintaining physical distance from 
other persons.

ll e on  o l : 
avoid groups of people and enclosed, crowded spaces; 
maintain physical distance of at least 1 m from other 
persons, in particular from those with respiratory
symptoms (e.g., coughing, sneezing); 
perform hand hygiene frequently, using an alcohol-based 
hand rub if hands are not visibly dirty or soap and water 
when hands are visibly dirty; 
cover their nose and mouth with a bent elbow or paper 
tissue when coughing or sneezing, dispose of the tissue 
immediately after use, and perform hand hygiene;
refrain from touching their mouth, nose, and eyes.

In some countries masks are worn in accordance with local
customs   or in accordance with advice by national authorities 
in the context of COVID-19. In these situations, best practices 
should be followed about how to wear, remove, and dispose 
of them, and for hand hygiene after removal.

e o e on a e  on e e o  a  o  eal  
eo le n o n  e n

As described above, the wide use of masks by healthy
people in the community setting is not supported by current 
evidence and carries uncertainties and critical risks. WHO 
offers the following advice to decision makers so they apply 
a risk-based approach.

Decisions makers should consider the following:

1. o e of mask use: the rationale and reason for mask 
use should be clear  whether it is to be used for source 
control (used by infected persons) or prevention of 
COVID-19 (used by healthy persons)

2. isk of e o e to the COVID-19 virus in the local 
context:
- The population: current epidemiology about how 

widely the virus is circulating (e.g., clusters of 
cases versus community transmission), as well as 
local surveillance and testing capacity (e.g., contact 
tracing and follow up, ability to carry out testing).

- The individual: working in close contact with
public (e.g., community health worker, cashier)

3. lne a l of the person/population to develop 
severe disease or be at higher risk of death, e.g. people 
with comorbidities, such as cardiovascular disease or
diabetes mellitus, and older people 

4. e n in which the population lives in terms of 
population density, the ability to carry out physical 
distancing (e.g. on a crowded bus), and risk of rapid 
spread (e.g. closed settings, slums, camps/camp-like 
settings).

ea l : availability and costs of the mask, and 
tolerability by individuals

6. e of mask: medical mask versus nonmedical mask 
(see below) 

In addition to these factors, potential advantages of the use 
of mask by healthy people in the community setting include 
reducing potential exposure risk from infected person during 
the pre-symptomatic  period and stigmatization of 
individuals wearing mask for source control. 

However, the following potential risks should be carefully 
taken into account in any decision-making process: 

self-contamination that can occur by touching and 
reusing contaminated mask
depending on type of mask used, potential breathing
difficulties   
false sense of security, leading to potentially less 
adherence to other preventive measures such as physical 
distancing and hand hygiene 
diversion of mask supplies and consequent shortage of 
mask for health care workers 
diversion of resources from effective public health 
measures, such as hand hygiene

Whatever approach is taken, it is important to develop a 
strong communication strategy to explain to the population 
the circumstances, criteria, and reasons for decisions. The 
population should receive clear instructions on what masks 
to wear, when and how (see mask management section), and 
on the importance of continuing to strictly follow all other 
IPC measures (e.g., hand hygiene, physical distancing, and 
others).

e o  a

 e e  a   al a  e al a  an  
e a o  e o e  o  eal a e o e

The use of masks made of other materials (e.g., cotton
fabric), also known as nonmedical masks, in the community 
setting has not been well evaluated. There is no current 
evidence to make a recommendation for or against their use 
in this setting. 

WHO is collaborating with research and development 
partners to better understand the effectiveness and efficiency 
of nonmedical masks. WHO is also strongly encouraging 
countries that issue recommendations for the use of masks in 
healthy people in the community to conduct research on this 
critical topic. WHO will update its guidance when new 
evidence becomes available.   

ve, the wide use of masks by healthy
people in the community setting is not supported by current 
evidence and carries uncertainties and critical risks. 

er, the following potential risks should be carefully 
taken into account in any decision-making process: 

self-elf-elf contamination that can occur by touching and 
reusing contaminated mask
depending on type of mask used, potential breathing
difficulties 
false sense of security, leading to potentially less 
adherence to other preventive measures such as physical 
distancing and hand hygiene 

diversion of resources from effective public health 
measures, such as hand hygiene

The use of masks made of other materials (e.g., cotton
fabric), also known as nonmedical masks, in the community 
setting has not been well evaluated. 
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In the interim, decision makers may be moving ahead with 
advising the use of nonmedical masks. Where this is the 
case, the following features related to nonmedical masks 
should be taken into consideration:

Numbers of layers of fabric/tissue
Breathability of material used
Water repellence/hydrophobic qualities
Shape of mask
Fit of mask

Home care 
For COVID-19 patients with mild illness, hospitalization may 
not be required. All patients cared for outside hospital (i.e. at 
home or non-traditional settings) should be instructed to 
follow local/regional public health protocols for home 
isolation and return to designated COVID-19 hospital if they 
develop any worsening of illness.7 

Home care may also be considered when inpatient care is 
unavailable or unsafe (e.g. capacity is limited, and resources 
are unable to meet the demand for health care services). 
Specific IPC guidance for home care should be followed.3

e on   e e o  l  o  
o l : 

Self-isolate if isolation in a medical facility is not 
indicated or not possible
Perform hand hygiene frequently, using an alcohol-based 
hand rub if hands are not visibly dirty or soap and water 
when hands are visibly dirty; 

eep a distance of at least 1 m from other people; 
Wear a medical mask as much as possible; the mask 
should be changed at least once daily. Persons who
cannot tolerate a medical mask should rigorously apply 
respiratory hygiene (i.e. cover mouth and nose with a 
disposable paper tissue when coughing or sneezing and 
dispose of it immediately after use or use a bent elbow 
procedure and then perform hand hygiene.) 
Avoid contaminating surfaces with saliva, phlegm, or 
respiratory secretions. 
Improve airflow and ventilation in their living space by 
opening windows and doors as much as possible.

a e e o  o e a n  l n  a e e on  
e e  o  o  l  o  o l : 
Perform hand hygiene frequently, using an alcohol-based 
hand rub if hands are not visibly dirty or soap and water 
when hands are visibly dirty; 

eep a distance of at least 1 meter from the affected 
person when possible;
Wear a medical mask when in the same room as the
affected person;  
Dispose of any material contaminated with respiratory 
secretions (disposable tissues) immediately after use and 
then perform hand hygiene. 
Improve airflow and ventilation in the living space by 
opening windows as much as possible.

Health care settings
WHO provides guidance for the use of PPE, including masks, 
by health care workers in the guidance document: ational 
use of PPE in the context of COVID-19.24 Here we provide 
advice for people visiting a health care setting:

o a  eo le n  a eal  a e e n  o l : 
Wear a medical mask while waiting in triage or other 
areas and during transportation within the facility;
Not wear a medical mask when isolated in a single room, 
but cover their mouth and nose when coughing or 
sneezing with disposable paper tissues. Tissues must be 
disposed of appropriately, and hand hygiene should be 
performed immediately afterwards.   

eal  a e o e  o l
Wear a medical mask when entering a room where 
patients with suspected or confirmed COVID-19 are 
admitted.   
Use a particulate respirator at least as protective as a US 
National Institute for Occupational Safety and Health-
certified N95, European Union standard FFP2, or 
equivalent, when performing or working in settings 
where aerosol-generating procedures, such as tracheal 
intubation, non-invasive ventilation, tracheotomy, 
cardiopulmonary resuscitation, manual ventilation 
before intubation, and bronchoscopy are performed. 
Full infection prevention and control guidance for 
health care workers is provided here. 

One study that evaluated the use of cloth masks in a health 
care facility found that health care workers using cotton cloth 
masks were at increased risk of infection compared with those 
who wore medical masks.25 Therefore, cotton cloth masks are 
not considered appropriate for health care workers. As for 
other PPE items, if production of cloth masks for use in health 
care settings is proposed locally in situations of shortage or 
stock out, a local authority should assess the proposed PPE 
according to specific minimum standards and technical 
specifications. 

Mask management 
For any type of mask, appropriate use and disposal are
essential to ensure that they are effective and to avoid any 
increase in transmission.  

The following information on the correct use of masks is 
derived from practices in health care settings.

Place the mask carefully, ensuring it covers the mouth 
and nose, and tie it securely to minimize any gaps
between the face and the mask. 
Avoid touching the mask while wearing it.  

emove the mask using the appropriate technique: do not 
touch the front of the mask but untie it from behind.  
After removal or whenever a used mask is inadvertently 
touched, clean hands using an alcohol-based hand rub or 
soap and water if hands are visibly dirty.

eplace masks as soon as they become damp with a new 
clean, dry mask.  
Do not re-use single-use masks. 
Discard single-use masks after each use and dispose of 
them immediately upon removal. 

One study that evaluated the use of cloth masks in a health One study 
care facility found that health care workers using cotton cloth care facility found that sing cotton cloth 
masks were at increased risk of infection compared with those masks were at increased ris
who wore medical masks.

d risk 
s.25
isk of infection compared 

Therefore, cotton cloth masks are Therefore,
not considered appropriate for health care workers. 

For any type of mask, appropriate use and disposal areFor any type of mask, approp use and disposal 
essential to ensure that they are effective and to avoid any 
increase in transmission.
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WHO continues to monitor the situation closely for any 
changes that may affect this interim guidance. Should any 
factors change, WHO will issue a further update. Otherwise, 
this interim guidance document will expire 2 years after the 
date of publication. 
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Editor's note: As of June 5, the WHO recommends the use of fabric face masks and/or face shields
for the general public as a tool to reduce the spread of the novel coronavirus.
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Advice on the use of masks in the context of COVID-19 

Interim guidance
5 June 2020    

This document is an update of the guidance published on 6 
April 2020 and includes updated scientific evidence relevant 
to the use of masks for preventing transmission of 
Coronavirus disease 2019 (COVID-19) as well as practical 
considerations. The main differences from the previous 
version include the following:

Updated information on transmission from 
symptomatic, pre-symptomatic and asymptomatic 
people infected with COVID-19, as well as an 
update of the evidence of all sections of this 
document;
New guidance on the targeted continuous use of 
medical masks by health workers working in clinical 
areas in health facilities in geographical areas with 
community transmission1 of COVID-19; 
Updated guidance and practical advice for decision-
makers on the use of medical and non-medical 
masks by the general public using a risk-based 
approach; 
New guidance on non-medical mask features and 
characteristics, including choice of fabric, number 
and combination of layers, shape, coating and 
maintenance. 

Guidance and recommendations included in this document 
are based on previous WHO guidelines (in particular the 
WHO Guidelines on infection prevention and control of 
epidemic- and pandemic-prone acute respiratory infections in 
health care) (1) and the evaluation of current evidence by the 
WHO ad hoc COVID-19 IPC Guidance Development Group 
(COVID-19 IPC GDG) that meets at least once a week. The 
process of interim guidance development during emergencies 
consists of a transparent and robust process of evaluation of 
the available evidence on benefits and harms, synthetized 
through expedited systematic reviews and expert consensus-
building facilitated by methodologists. This process also 
considers, as much as possible, potential resource 
implications, values and preferences, feasibility, equity, 
ethics and research gaps.

o e o  e an e
This document provides guidance to decision makers, public 
health and IPC professionals, health care managers, and 
health workers on the use of medical and non-medical masks 
in health care (including long-term care and residential) 

1 Defined by WHO as experiencing larger outbreaks of local 
transmission defined through an assessment of factors including, 
but not limited to: large numbers of cases not linkable to 
transmission chains; large numbers of cases from sentinel 

settings, for the general public, and during home care. It will 
be revised as more data become available. 

Background
The use of masks is part of a comprehensive package of the 
prevention and control measures that can limit the spread of 
certain respiratory viral diseases, including COVID-19. 
Masks can be used either for protection of healthy persons 
(worn to protect oneself when in contact with an infected 
individual) or for source control (worn by an infected 
individual to prevent onward transmission). 
However, the use of a mask alone is insufficient to provide an 
adequate level of protection or source control, and other 
personal and community level measures should also be 
adopted to suppress transmission of respiratory viruses.
Whether or not masks are used, compliance with hand 
hygiene, physical distancing and other infection prevention 
and control (IPC) measures are critical to prevent human-to-
human transmission of COVID-19.
This document provides information and guidance on the use 
of masks in health care settings, for the general public, and 
during home care. The World Health Organization (WHO) 
has developed specific guidance on IPC strategies for health 
care settings (2), long-term care facilities ( TCF) (3), and 
home care.(4)

an on o  
nowledge about transmission of the COVID-19 virus is 

accumulating every day. COVID-19 is primarily a respiratory 
disease and the spectrum of infection with this virus can range 
from people with very mild, non-respiratory symptoms to 
severe acute respiratory illness, sepsis with organ dysfunction 
and death. Some people infected have reported no symptoms 
at all.
According to the current evidence, COVID-19 virus is 
primarily transmitted between people via respiratory droplets 
and contact routes. Droplet transmission occurs when a 
person is in close contact (within 1 metre) with an infected 
person and exposure to potentially infective respiratory 
droplets occurs, for example, through coughing, sneezing or 
very close personal contact resulting in the inoculation of 
entry portals such as the mouth, nose or con unctivae 

surveillance; and/or multiple unrelated clusters in several areas of 
the country/territory/area  (https://www.who.int/publications-
detail/global-surveillance-for-covid-19-caused-by-human-
infection-with-covid-19-virus-interim-guidance) 

er, the use of a mask alone is insufficient to provide an However, the use of a ma to 
adequate level of protection or source control, 
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community transmission, consider additional precautions, 
including the wearing of a medical mask, when community 
health workers provide essential routine services (Table 2).

When a patient is suspected or confirmed to have COVID-19 
infection, community health workers should use contact and 
droplet precautions. Contact and droplet precautions include 
the use of a medical mask, gown, gloves and eye 
protection.(53)  

Guidance on the use of masks for the general public
a la le e en e

Studies of influenza, influenza-like illness, and human 
coronaviruses (not including COVID-19) provide evidence 
that the use of a medical mask can prevent the spread of 
infectious droplets from a symptomatic infected person 
(source control) to someone else and potential contamination 
of the environment by these droplets.(54, 55) There is limited 
evidence that wearing a medical mask by healthy individuals 
in households, in particular those who share a house with a 
sick person, or among attendees of mass gatherings may be 
beneficial as a measure preventing transmission.(41, 56-61) 
A recent meta-analysis of these observational studies, with 
the intrinsic biases of observational data, showed that either 
disposable surgical masks or reusable 12 16-layer cotton 
masks were associated with protection of healthy individuals 
within households and among contacts of cases.(42) 

This could be considered to be indirect evidence for the use 
of masks (medical or other) by healthy individuals in the 
wider community; however, these studies suggest that such 
individuals would need to be in close proximity to an infected 
person in a household or at a mass gathering where physical 
distancing cannot be achieved, to become infected with the 
virus. 

esults from cluster randomized controlled trials on the use 
of masks among young adults living in university residences 
in the United States of America indicate that face masks may 
reduce the rate of influenza-like illness, but showed no impact 
on risk of laboratory-confirmed influenza.(62, 63)  At 
present, there is no direct evidence (from studies on COVID-
19 and in healthy people in the community) on the 
effectiveness of universal masking of healthy people in the 
community to prevent infection with respiratory viruses, 
including COVID-19.

WHO regularly monitors all emerging evidence about this 
important topic and will provide updates as more information 
becomes available.

an e
 e o en  a  e on   an  o  

e e o   o l   
wear a medical mask, self-isolate, and seek medical 
advice as soon as they start to feel unwell with 
potential symptoms of COVID-19, even if 
symptoms are mild. Symptoms can include: fever, 
cough, fatigue, loss of appetite, shortness of breath 
and muscle pain. Other non-specific symptoms such 
as sore throat, nasal congestion, headache, 
diarrhoea, nausea and vomiting, have also been 
reported. oss of smell and taste preceding the onset 
of respiratory symptoms have also been 

reported.(64, 65) Older people and 
immunosuppressed patients may present with 
atypical symptoms such as fatigue, reduced 
alertness, reduced mobility, diarrhoea, loss of 
appetite, delirium, and absence of fever.(26, 66, 67) 
It is important to note that early symptoms for some 
people infected with COVID-19 may be very mild 
and unspecific;  
follow instructions on how to put on, take off, and 
dispose of medical masks and perform hand 
hygiene;(6 )
follow all additional measures, in particular 
respiratory hygiene, frequent hand hygiene and 
maintaining physical distance of at least 1 metre (3.3 
feet) from other persons.(42)  

In the context of the COVID-19 pandemic, it is recommended 
that all persons, regardless of whether they are using masks 
or not, should:

avoid groups of people and crowded spaces (follow 
local advice);
maintain physical distance of at least 1 metre (3.3 
feet) from other persons, especially from those with 
respiratory symptoms (e.g. coughing, sneezing);
perform hand hygiene frequently, using an alcohol-
based handrub if hands are not visibly dirty or soap 
and water;
use respiratory hygiene i.e. cover their nose and 
mouth with a bent elbow or paper tissue when 
coughing or sneezing, dispose of the tissue 
immediately after use, and perform hand hygiene;
refrain from touching their mouth, nose, and eyes.

e o e on a e  on e e o  a  o  e 
ene al l

Many countries have recommended the use of fabric 
masks/face coverings for the general public. At the present 
time, the widespread use of masks by healthy people in the 
community setting is not yet supported by high quality or 
direct scientific evidence and there are potential benefits and 
harms to consider (see below). 

However, taking into account the available studies evaluating 
pre- and asymptomatic transmission, a growing compendium 
of observational evidence on the use of masks by the general 
public in several countries, individual values and preferences, 
as well as the difficulty of physical distancing in many 
contexts, WHO has updated its guidance to advise that to 
prevent COVID-19 transmission effectively in areas of 
community transmission, governments should encourage the 
general public to wear masks in specific situations and 
settings as part of a comprehensive approach to suppress 
SA S-CoV-2 transmission (Table 2).

WHO advises decision makers to apply a risk-based approach 
focusing on the following criteria when considering or 
encouraging the use of masks for the general public:

1. o e of mask use: if the intention is preventing the 
infected wearer transmitting the virus to others (that is, 
source control) and/or to offer protection to the healthy 
wearer against infection (that is, prevention).

esults from cluster randomized controlled trials on the use 
of masks among young adults living in university residences of masks among young adults liv
in the United States of America in  that face masks may 

but showed no impact like illness, but sho
on risk of laboratory-confirmed influenz (62, 63) 

 showed no imut sho
uenza.   At 

pact 
(62, 63)  At 

present, there is no direct evidence (from studies on COVID-
on risk of laboratory
present, there is no direct evidence (from studies on COVID
19 and in healthy people in the community) on the 19 and in healthy people in the community) on the 
effectiveness of universal masking of healthy people in the effectiveness of universal masking of healthy people in the 
community to prevent infection with respiratory viruses, community to preven
including COVID-19.

sks/face coverings for the general public. At the present 
e, the widespread use of masks by healthy people in the time, the widespread use of masks by healthy people in the 

community setting is not yet supported by high quality or community setting is not yet supported by high quality or 
direct scientific evidence and there are potential benefits and direct scientific evi
harms to consider (
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2. isk of e o e to the COVID-19 virus 
- due to epidemiology and intensity of transmission in 

the population: if there is community transmission 
and there is limited or no capacity to implement 
other containment measures such as contact tracing, 
ability to carry out testing and isolate and care for 
suspected and confirmed cases. 

- depending on occupation: e.g., individuals working 
in close contact with the public (e.g., social workers, 
personal support workers, cashiers).

3. lne a l of the mask wearer/population: for 
example, medical masks could be used by older people, 
immunocompromised patients and people with 
comorbidities, such as cardiovascular disease or diabetes 
mellitus, chronic lung disease, cancer and 
cerebrovascular disease.(69)

4. e n in which the population lives: settings with high 
population density (e.g. refugee camps, camp-like 
settings, those living in cramped conditions) and settings 

where individuals are unable to keep a physical distance 
of at least 1 metre (3.3 feet) (e.g. public transportation). 

5. ea l : availability and costs of masks, access to 
clean water to wash non-medical masks, and ability of 
mask wearers to tolerate adverse effects of wearing a 
mask.  

6. e of mask: medical mask versus non-medical mask

Based on these criteria, Table 2 provides practical examples 
of situations where the general public should be encouraged 
to wear a mask and it indicates specific target populations and 
the type of mask to be used according to its purpose. The 
decision of governments and local urisdictions whether to 
recommend or make mandatory the use of masks should be 
based on the above criteria, and on the local context, culture, 
availability of masks, resources required, and preferences of 
the population.

a le  a le  o  e e e ene al l  o l  e en o a e  o e e al an  non e al a  n a ea   
no n o  e e  o n  an on

Situations/settings Population Purpose of 
mask use

Type of mask to consider 
wearing if recommended 
locally

Areas with known or suspected 
widespread transmission and limited or 
no capacity to implement other 
containment measures such as 
physical distancing, contact tracing, 
appropriate testing, isolation and care 
for suspected and confirmed cases.

General population in public settings, such 
as grocery stores, at work, social 
gatherings, mass gatherings, closed 
settings, including schools, churches, 
mosques, etc. 

Potential 
benefit for 
source control

Non-medical mask 

Settings with high population density 
where physical distancing cannot be 
achieved; surveillance and testing 
capacity, and isolation and quarantine 
facilities are limited

People living in cramped conditions, and 
specific settings such as refugee camps, 
camp-like settings, slums 

Potential 
benefit for 
source control

Non-medical mask 

Settings where a physical distancing
cannot be achieved (close contact)

General public on transportation (e.g., on a 
bus, plane, trains)
Specific working conditions which places 
the employee in close contact or potential 
close contact with others e.g., social 
workers, cashiers, servers

Potential 
benefit for 
source control

Non-medical mask 

Settings where physical distancing 
cannot be achieved and increased risk 
of infection and/or negative outcomes

Vulnerable populations:

s 
People with underlying comorbidities, 
such as cardiovascular disease or 
diabetes mellitus, chronic lung 
disease, cancer, cerebrovascular 
disease, immunosuppression

Protection Medical mask

Any setting in the community* Persons with any symptoms suggestive of 
COVID-19

Source control Medical mask

This applies to any transmission scenario

o en al ene a an a e

The likely advantages of the use of masks by healthy people 
in the general public include:  

reduced potential exposure risk from infected persons 
before they develop symptoms; 

reduced potential stigmatization of individuals wearing 
masks to prevent infecting others (source control) or of 
people caring for COVID-19 patients in non-clinical 
settings;(70)
making people feel they can play a role in contributing to 
stopping spread of the virus;

reduced potential stigmatization of individuals wearing reduced
masks t

settings;
making people feel they can play a role in contributing to making people feel they can p
stopping spread of the virus;
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reminding people to be compliant with other measures 
(e.g., hand hygiene, not touching nose and mouth). 
However, this can also have the reverse effect (see 
below);
potential social and economic benefits. Amidst the 
global shortage of surgical masks and PPE, encouraging 
the public to create their own fabric masks may promote 
individual enterprise and community integration. 
Moreover, the production of non-medical masks may 
offer a source of income for those able to manufacture 
masks within their communities. Fabric masks can also 
be a form of cultural expression, encouraging public 
acceptance of protection measures in general. The safe 
re-use of fabric masks will also reduce costs and waste 
and contribute to sustainability. 

o en al a a an a e    
The likely disadvantages of the use of mask by healthy people 
in the general public include: 

potential increased risk of self-contamination due to the 
manipulation of a face mask and subsequently touching 
eyes with contaminated hands;(4 , 49)
potential self-contamination that can occur if non-
medical masks are not changed when wet or soiled.  This 
can create favourable conditions for microorganism to 
amplify;
potential headache and/or breathing difficulties, 
depending on type of mask used;
potential development of facial skin lesions, irritant 
dermatitis or worsening acne, when used frequently for 
long hours;(50)
difficulty with communicating clearly; 
potential discomfort;(41, 51)
a false sense of security, leading to potentially lower 
adherence to other critical preventive measures such as 
physical distancing and hand hygiene;  
poor compliance with mask wearing, in particular by 
young children; 
waste management issues; improper mask disposal 
leading to increased litter in public places, risk of 
contamination to street cleaners and environment hazard;
difficulty communicating for deaf persons who rely on 
lip reading;
disadvantages for or difficulty wearing them, especially 
for children, developmentally challenged persons, those 
with mental illness, elderly persons with cognitive 
impairment, those with asthma or chronic respiratory or 
breathing problems, those who have had facial trauma or 
recent oral maxillofacial surgery, and those living in hot 
and humid environments.

If masks are recommended for the general public, the 
decision-maker should:

clearly communicate the purpose of wearing a mask, 
where, when, how and what type of mask should be worn.  
Explain what wearing a mask may achieve and what it 
will not achieve, and communicate clearly that this is one 
part of a package of measures along with hand hygiene, 
physical distancing and other measures that are all 
necessary and all reinforce each other;
inform/train people on when and how to use masks safely 
(see mask management and maintenance sections), i.e. 
put on, wear, remove, clean and dispose;

consider the feasibility of use, supply/access issues, 
social and psychological acceptance (of both wearing 
and not wearing different types of masks in different 
contexts);
continue gathering scientific data and evidence on the 
effectiveness of mask use (including different types and 
makes as well as other face covers such as scarves) in 
non-health care settings; 
evaluate the impact (positive, neutral or negative) of 
using masks in the general population (including 
behavioral and social sciences). 

WHO encourages countries and community adopting policies 
on masks use in the general public to conduct good quality 
research to assess the effectiveness of this intervention to 
prevent and control transmission.

 e  o  a  o on e
e al a  

Medical masks should be certified according to international 
or national standards to ensure they offer predictable product 
performance when used by health workers, according to the 
risk and type of procedure performed in a health care setting. 
Designed for single use, a medical mask’s initial filtration (at 
least 95  droplet filtration), breathability and, if required, 
fluid resistance are attributed to the type (e.g. spunbond or 
meltblown) and layers of manufactured non-woven materials 
(e.g. polypropylene, polyethylene or cellulose). Medical 
masks are rectangular in shape and comprise three or four 
layers. Each layer consists of fine to very fine fibres. These 
masks are tested for their ability to block droplets (3 
micrometres in size; EN 146 3 and ASTM F2100 standards) 
and particles (0.1 micrometre in size; ASTM F2100 standard 
only). The masks must block droplets and particles while at 
the same time they must also be breathable by allowing air to 
pass. Medical masks are regulated medical devices and 
categorized as PPE. 
The use of medical masks in the community may divert this 
critical resource from the health workers and others who need 
them the most. In settings where medical masks are in short 
supply, e al a  o l  e e e e  o  eal  

o e  an  a  n al  en n a e

on e al a  
Non-medical (also referred to as fabric in this document)
masks are made from a variety of woven and non-woven 
fabrics, such as polypropylene. Non-medical masks may be 
made of different combinations of fabrics, layering sequences 
and available in diverse shapes. Few of these combinations 
have been systematically evaluated and there is no single 
design, choice of material, layering or shape among the non-
medical masks that are available. The unlimited combination 
of fabrics and materials results in variable filtration and 
breathability. 
A non-medical mask is neither a medical device nor personal 
protective equipment. However, a non-medical mask 
standard has been developed by the French Standardization 
Association (AFNO  Group) to define minimum 
performance in terms of filtration (minimum 70  solid 
particle filtration or droplet filtration) and breathability 
(maximum pressure difference of 0.6 mbar/cm2 or maximum 

reminding people to be compliant with other measures reminding people to be compliant with other measures 
(e.g., hand hygiene, not touching nose and mouth). (e.g., hand hygiene, not touching nose and mouth). 
However, this can also have the reverse effect (see However
below);
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eyes with contaminated hands;(4 , 49)eyes with contaminated hands;(4 , 49)
potential self-elf-elf contamination that can occur if non-potential self
medical masks are not changed when wet or soiled.  This medical masks are not changed when wet or soiled.  This 
can create favourable conditions for microorganism to can create
amplify;amplify;
potential l headache  and/or r breathing  difficulties, potential headache and/or b
depending on type of mask used;depending on type of mask used;
potential development of facial skin lesions, irritant potential development of facial skin lesions, irritant 
dermatitis or worsening acne, when used frequently for dermatitis or wo
long hours;(50)long hours;
difficulty with communicating clearly; difficulty with communicating
potential discomfort;(41, 51)p (41, 51)
a false sense of security, leading to potentially lower a false sense of security, leading to potentially lower 
adherence to other critical preventive measures such as adherence to other critical preventive m
physical distancing and hand hygiene;  physical distancing and hand hygiene;
poor compliance with mask wearing, in particular by poor compliance
young children; young children; 
waste management issues; improper mask disposal waste management issues; improper mask disposal 
leading to increased litter in public places, risk of leading to increased litter in public places, risk of 
contamination to street cleaners and environment hazard;
difficulty communicating for deaf persons who rely on difficulty co
lip reading;
disadvantages for or difficulty wearing them, especially 
lip reading;
disadvantages for or difficulty wearing them, especially 
for children, developmentally challenged persons, those children, developmentally challenged persons, those 
with mental illness, elderly persons with cognitive with mental illness, elderly persons with cognitive 
impairment, those with asthma or chronic respiratory or impairment, those with asthma or chronic respiratory or 
breathing problems, those who have had facial trauma or breathing problems, those who have had facial trauma or 
recent oral maxillofacial surgery, and those living in hot recent oral maxillofacial su
and humid environments.

WHO encourages countries and community adopting policies WHO encourages countries and community adopting policies 
on masks use in the general public to conduct good quality on masks use in the general public to conduct good quality 
research to assess the effectiveness of this intervention to 
prevent and control transmission.

s of fabrics, layering sequences 
es. Few of these combinations and available in diverse shapes. Few

have been systematically evaluated a

A non-medical mask is neither a medical device nor personal medical mask is 
protective equipment. 
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inhalation resistance of 2.4 mbar and maximum exhalation 
resistance of 3 mbar).(71)
The lower filtration and breathability standardized 
requirements, and overall expected performance, indicate that 
the use of non-medical masks, made of woven fabrics such as 
cloth, and/or non-woven fabrics, should only be considered 
for source control (used by infected persons) in community 
settings and not for prevention. They can be used ad-hoc for 
specific activities (e.g., while on public transport when 
physical distancing cannot be maintained), and their use 
should always be accompanied by frequent hand hygiene and 
physical distancing. 
Decision makers advising on type of non-medical mask 
should take into consideration the following features of non-
medical masks: filtration efficiency (FE), or filtration, 
breathability, number and combination of material used, 
shape, coating and maintenance. 

a) Type of materials: filtration efficiency (FE), 
breathability of single layers of materials, filter 
quality factor

The selection of material is an important first step as the 
filtration (barrier) and breathability varies depending on the 
fabric. Filtration efficiency is dependent on the tightness of 
the weave, fibre or thread diameter, and, in the case of non-
woven materials, the manufacturing process (spunbond, 
meltblown, electrostatic charging).(49, 72) The filtration of 

cloth fabrics and masks has been shown to vary between 0.7  
and 60 .(73, 74) The higher the filtration efficiency the more 
of a barrier provided by the fabric. 
Breathability is the ability to breathe through the material of 
the mask. Breathability is the difference in pressure across the 
mask and is reported in millibars (mbar) or Pascals (Pa) or, 
for an area of mask, over a square centimeter (mbar/cm2 or 
Pa/cm2). Acceptable breathability of a medical mask should 
be below 49 Pa/cm2. For non-medical masks, an acceptable 
pressure difference, over the whole mask, should be below 
100 Pa.(73)  

Depending on fabric used, filtration efficiency and 
breathability can complement or work against one another. 

ecent data indicate that two non-woven spunbond layers, the 
same material used for the external layers of disposable 
medical masks, offer adequate filtration and breathability. 
Commercial cotton fabric masks are in general very 
breathable but offer lower filtration.(75) The filter quality 
factor known as  is a commonly used filtration quality 
factor; it is a function of filtration efficiency (filtration) and 
breathability, with higher values indicating better overall 
efficiency.(76) Table 3 shows FE, breathability and the filter 
quality factor, , of several fabrics and non-medial 
masks.(73, 77) According to expert consensus three (3) is the 
minimum  factor recommended. This ranking serves as an 
initial guide only.

a le  on e al a  l a on e en  e e o  an  l e  al  a o  

 This table refers only to materials reported in experimental peer-reviewed studies. The filtration efficiency, pressure drop and  factor are 
dependent on flow rate. According to expert consensus, three (3) is the minimum  factor recommended.

It is preferable not to select elastic material for making masks; 
during wear, the mask material may be stretched over the 
face, resulting in increased pore size and lower filtration 
efficiency throughout use. Also, elastic materials may 
degrade over time and are sensitive to washing at high 
temperatures.

b) Number of layers
A minimum of three layers is required for non-medical 
masks, depending on the fabric used. The innermost layer of 
the mask is in contact with the wearer’s face. The outermost 
layer is exposed to the environment.(7 )

Fabric cloths (e.g., nylon blends and 100  polyester) when 
folded into two layers, provides 2-5 times increased filtration 
efficiency compared to a single layer of the same cloth, and 
filtration efficiency increases 2-7 times if it is folded into 4 
layers.(75) Masks made of cotton handkerchiefs alone should 
consist of at least 4 layers, but have achieved only 13  
filtration efficiency.(73) Very porous materials, such as 
gauze, even with multiple layers will not provide sufficient 
filtration; only 3  filtration efficiency. (73)
It is important to note that with more tightly woven materials, 
as the number of layers increases, the breathability may be 

Material Source Structure Initial Filtration 
Efficiency (%)

Initial Pressure 
drop (Pa)

Filter quality 
factor, Q ** 

(kPa-1)

Polypropylene Interfacing material, 
purchased as-is

Spunbond
(Nonwoven) 6 1.6 16.9

Cotton 1 Clothing (T-shirt) Woven 5 4.5 5.4
Cotton 2 Clothing (T-shirt) Knit 21 14.5 7.4
Cotton 3 Clothing (Sweater) Knit 26 17 7.6
Polyester Clothing (Toddler wrap) Knit 17 12.3 6.8
Cellulose Tissue paper Bonded 20 19 5.1
Cellulose Paper towel Bonded 10 11 4.3

Silk Napkin Woven 4 7.3 2.8
Cotton, gauze N/A Woven 0.7 6.5 0.47

Cotton, handkerchief N/A Woven 1.1 9.8 0.48
Nylon Clothing (Exercise pants) Woven 23 244 0.4
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reduced. A quick check for breathability may be performed 
by attempting to breathe, through the mouth, and through the 
multiple layers. 

c) Combination of material used
The ideal combination of material for non-medical masks 
should include three layers as follows: 1) an innermost layer 
of a hydrophilic material (e.g. cotton or cotton blends); 2), an 
outermost layer made of hydrophobic material (e.g., 
polypropylene, polyester, or their blends) which may limit 
external contamination from penetration through to the 
wearer’s nose and mouth; 3) a middle hydrophobic layer of 
synthetic non-woven material such as polyproplylene or a 
cotton layer which may enhance filtration or retain droplets. 

d) Mask shape
Mask shapes include flat-fold or duckbill and are designed to 
fit closely over the nose, cheeks and chin of the wearer. When 
the edges of the mask are not close to the face and shift, for 
example, when speaking, internal/external air penetrates 
through the edges of the mask rather than being filtered 
through the fabric. eaks where unfiltered air moves in and 
out of the mask may be attributed to the size and shape of the 
mask.(79)
It is important to ensure that the mask can be held in place 
comfortably with little ad ustment using elastic bands or ties. 

e) Coating of fabric
Coating the fabric with compounds like wax may increase the 
barrier and render the mask fluid resistant; however, such 
coatings may inadvertently completely block the pores and 
make the mask difficult to breathe through. In addition to 
decreased breathability unfiltered air may more likely escape 
the sides of the mask upon exhalation. Coating is therefore 
not recommended.

f) Mask maintenance
a o l  onl  e e   one e on an  o l  no  

e a e  
All masks should be changed if wet or visibly soiled; a wet 
mask should not be worn for an extended period of time. 

emove the mask without touching the front of the mask, do 
not touch the eyes or mouth after mask removal. Either 
discard the mask or place it in a sealable bag where it is kept 
until it can be washed and cleaned. Perform hand hygiene 
immediately afterwards. 

Non-medical masks should be washed frequently and handled 
carefully, so as not to contaminate other items.
If the layers of fabrics look noticeably worn out, discard the 
mask.
Clothing fabrics used to make masks should be checked for 
the highest permitted washing temperature. If instructions for 
washing are indicated on the clothing label, verify if washing 
in warm or hot water is tolerated. Select washable fabrics that 
can be washed. Wash in warm hot water, 60 C, with soap or 
laundry detergent Non-woven polypropylene (PP) spunbond 
may be washed at high temperatures, up to 125 C.(72)
Natural fibres may resist high temperature washes and 
ironing. Wash the mask delicately (without too much friction, 
stretching or wringing) if nonwoven materials (e.g. 
spunbond) are used. The combination of non-woven PP 
spunbond and cotton can tolerate high temperatures; masks 
made of these combinations may be steamed or boiled. 
Where hot water is not available, wash mask with 
soap/detergent at room temperature water, followed by either 
i) boiling mask for one minute O  ii) soak mask in 0.1  
chlorine for one minute then thoroughly rinse mask with 
room temperature water, to avoid any toxic residual of 
chlorine.
WHO is collaborating with research and development 
partners and the scientific community engaged in textile 
engineering and fabric design to facilitate a better 
understanding of the effectiveness and efficiency of non-
medical masks. WHO urges countries that have issued 
recommendations on the use of both medical and non-medical 
masks by healthy people in community settings to conduct 
research on this important topic. Such research needs to look 
at whether SA S-CoV-2 particles can be expelled through 
non-medical masks of poor quality worn by a person with 
symptoms of COVID-19 while that person is coughing, 
sneezing or speaking. esearch is also needed on non-
medical mask use by children and other medically 
challenging persons and settings as mentioned above.  

Table 4 provides a summary of guidance and practical 
considerations on the composition, construction and 
management of non-medical masks.

signed to 
er. When fit closely over the nose, cheeks and chin of the wearer. When 

the edges of the mask are not close to the face and shift, for the edges of the mask are not close to the face and shift, for 
example, when speaking, internal/external air penetrates example, when speaking, internal/external air penetrates 
through the edges of the mask rather than being filtered through the edges of the mask rather than being filtered 
through the fabric. eaks where unfiltered air moves in and through the fabric. eaks where unfiltered air moves in and 
out of the mask may be attributed to the size and shape of the out of 
mask.

ommunity settings to conduct 
ic. Such research needs to look research on this important topic. Such research needs to look 

at whether SA S-CoV-2 particles can be expelled through 2 particles can be expelled through 
non-medical masks of poor quality worn by a person with medical masks of poor quality worn by a person with 
symptoms of COVID-19 while that person is coughing, symptoms of COVID 19 while that person is coughing, 
sneezing or speaking. esearch is also needed on non-sneezing or speaking. esearch is also needed on
medical mask use by children and other medically medical mask use by children and other me
challenging persons and settings as mentioned above.  
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Advice on the use of masks for children in the community in 
the context of COVID-19
Annex to the Advice on the use of masks 
in the context of COVID-19
21 August 2020

Purpose of the document
This document provides guidance to decision makers, public and child health professionals to inform policy on the use of masks for 
children in the context of the COVID-19 pandemic. It does not address the use of masks for adults working with children or 
parents/guardians or the use of masks for children in health-care settings. This interim guidance will be revised and updated as new 
evidence emerges. 

Background
The World Health Organization (WHO) and the United Nations Children’s Fund (UNICEF) advise the use of masks according to a 
risk-based approach, as part of a comprehensive package of public health interventions that can prevent and control the transmission 
of certain viral respiratory diseases, including COVID-19. Compliance with other measures including physical distancing, hand 
hygiene, respiratory etiquette and adequate ventilation in indoor settings is essential for reducing the spread of SA S-CoV-2, the 
virus that causes COVID-19. 
This guidance provides specific considerations for the use of non-medical masks, also known as fabric masks, by children as a 
means for source control in the context of the current COVID-19 pandemic. The document is an annex to the WHO’s Advice on 
the use of masks in the context of COVID-191 in which further details on fabric masks can be found.  This annex also advises the 
use of medical masks for children under certain conditions. For the purposes of this guidance, children are defined as anyone below 
the age of 1  years2.

e o olo  o  e elo n  e an e  
The World Health Organization (WHO) Infection Prevention and Control (IPC) Guidance Development Group (GDG) and experts 
from UNICEF and the International Paediatric Association (IPA) ointly reviewed the available evidence to develop guidance on 
the use of masks for children in the context of the current pandemic. Five international expert meetings were held between une and 
August 2020. In the absence of strong scientific evidence, consensus among these groups forms the main basis for this guidance. 
Furthermore, the draft guidance was reviewed by a multidisciplinary group of additional external experts prior to finalization. 

a la le e en e
ransmission of C VI -19 in children 

Currently, the extent to which children contribute to transmission of SA S-CoV-2 is not completely understood. According to the 
WHO global surveillance database of laboratory-confirmed cases developed from case report forms provided to WHO by Member 
States3 and other studies, 1-7  of COVID-19 cases are reported to be among children, with relatively few deaths compared to other 
age groups4- . The European Centre for Disease Prevention and Control (ECDC) has recently reported the age distribution of 
COVID-19 among children in the European Union (EU), European Economic Area (EEA) and the United ingdom (U ); they 
reported that as of 26 uly 2020, 4  of all cases in the EU/EEA and the U  were among children6. 
To date, the available evidence suggests that most reported cases among children have resulted from transmission within households, 
although this observation may have been influenced by school closures and other stay at home measures implemented by some 
countries7,9. Although culture-competent virus has been isolated from symptomatic children with viral load levels found to be similar 
to that in adults10, evidence from available studies of contacts of COVID-19 cases and cluster investigations suggests that children 
are unlikely to be the main drivers of COVID-19 transmission7,9 11-14. To date, documented transmission among children and staff 
within educational settings is limited15-20. Evidence is also limited regarding the prevalence of SA S-CoV-2 infection among 
children, as measured by seroepidemiology studies. However, available evidence suggests that seroprevalence appears to be lower 
for younger children compared to older children and adults17,21-25.  
Studies of viral load and the duration of viral shedding of infectious virus in children compared to adults, are also limited. One 
published study suggests that viral load in infected patients may differ by age, and that symptomatic children have a longer duration 
of viral shedding than asymptomatic children25. Some studies have reported that children below five years are reported to have lower 

though culture competent virus has been isolated from symptomatic children with viral load levels found to be similar 
, evidence from available studies of contacts of COVID-19 cases and cluster investigations suggests that children , evidence from available studies of contacts of C

are unlikely to be the main drivers of COVID-19 transmission7,9 1 . To date, documented transmission among children and staff 
VID 19 cases and cluster investigations suggests that children 
. To date, documented transmission among children and staff 

within educational settings is limited15-20. Evidence is also limited regarding the prevalence of SA S-CoV-2 infection among 
are unlikely to be the main drivers of COVID
within educational settings is limited . Evidence
children, as measured by seroepidemiology studies. Hes. However, available evidence suggests that seroprevalence appears to be lower 
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amounts of viral NA in respiratory secretions and faeces compared to school children, adolescents and adults26,27. However, one 
study from the United States of America found that children below five years with mild to moderate COVID-19 have higher amounts 
of viral NA in their upper respiratory samples compared with older children and adults2 , while a pre-print (non-peer-reviewed) 
study from Germany reported no differences in the amount of viral NA among adults and children29. 
In summary, the degree to which age alone, regardless of symptoms, affects viral load and transmission is not well understood. 

a la le e en e on e e o  a  n l en o   an  o e  e a o  ea e  
Evidence on the benefits and harms of children wearing masks to mitigate transmission of COVID-19 and other coronaviruses is 
limited.  However, some studies have evaluated the effectiveness of mask use in children for influenza and other respiratory 
viruses30-34. A study of mask wearing during seasonal influenza outbreaks in apan noted that the use of masks was more effective 
in higher school grades (9-12 year old children in grades 4-6) than lower grades (6-9 year old children, in grades 1-3)34. One study, 
conducted under laboratory conditions and using non-betacoronaviruses, suggested that children between five and 11 years old were 
significantly less protected by mask wearing compared to adults, possibly related to inferior fit of the mask35. Other studies found 
evidence of some protective effect for influenza for both source control30 and protection in children34, although overall compliance 
with consistent mask wearing, especially among children under the age of 15, was poor. 
Some studies, including studies conducted in the context of influenza and air pollution, found the use and acceptability of mask 
wearing to be highly variable among children, ranging from very low to acceptable levels and decreasing over time while wearing 
masks30,31,33,36-3 .  One study was carried out among primary school children during COVID-19 and reported 51.6  compliance.31

Several studies found that factors such as warmth, irritation, breathing difficulties, discomfort, distraction, low social acceptability 
and poor mask fit were reported by children when using masks30,33,36,37. So far, the effectiveness and impact of masks for children 
during play and physical activity have not been studied; however, a study in adults found that N95 respirator and surgical masks 
reduced cardiopulmonary capacity during heavy exertion39. 

ain conclusions 
According to the limited available evidence, young children may have lower susceptibility to infection compared to adults11,14,
however available data suggests that this may vary by age among children17, 21-25. Data from seroepidemiology studies and 
transmission studies suggest that older children (e.g. teenagers) may play a more active role in transmission than younger 
children.11,14,17, 21-25  
The benefits of wearing masks in children for COVID-19 control should be weighed against potential harm associated with wearing 
masks, including feasibility and discomfort, as well as social and communication concerns. Factors to consider also include age 
groups, sociocultural and contextual considerations and availability of adult supervision and other resources to prevent transmission.
There is a need for data from high quality prospective studies in different settings on the role of children and adolescents in 
transmission of SA S-CoV-240, on ways to improve acceptance and compliance of mask use and on the effectiveness of masks use 
in children. These studies must be prioritized and include prospective studies of transmission within educational settings and 
households stratified by age groups (ideally 2, 2-4, 5-11 and  12 years) and with different prevalence and transmission patterns. 
Particular emphasis must be placed on studies in schools in low- and middle-income settings.  

Advice to decision makers on the use of masks for children in the community
e a n  n  n le

Given the limited evidence on the use of masks in children for COVID-19 or other respiratory diseases, including limited evidence 
about transmission of SA S-CoV-2 in children at specific ages, the formulation of policies by national authorities should be guided 
by the following overarching public health and social principles: 

Do no harm: the best interest, health and well-being of the child should be prioritized.
The guidance should not negatively impact development and learning outcomes.
The guidance should consider the feasibility of implementing recommendations in different social, cultural and geographic 
contexts, including settings with limited resources, humanitarian settings and among children with disabilities or specific 
health conditions.

er grades (6 9 year old children, in grades 1 3) . One study, 
es, suggested that children between five and 11 years old were conducted under laboratory conditions and using non betacoronav
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e on e e o  a  n l en 
WHO and UNICEF advise decision makers to apply the following criteria for use of masks in children when developing national 
policies, in countries or areas where there is known or suspected community transmissiona of SA S-CoV-2 and in settings where 
physical distancing cannot be achieved.

1. Based on the expert opinion gathered through online meetings and consultative processes, children aged up to five years 
should not wear masks for source control. This advice is motivated by a do no harm  approach and considers:

childhood developmental milestonesb 41  
compliance challenges and 
autonomy required to use a mask properly.  

The experts (following the methods described above) recognized that the evidence supporting the choice of the age cut-off is limited 
(see above, section related to transmission of COVID-19 in children), and they reached this decision mainly by consensus. The 
rationale included consideration of the fact that by the age of five years, children usually achieve significant developmental
milestones, including the manual dexterity and fine motor coordination movements needed to appropriately use a mask with minimal 
assistance.
In some countries, guidance and policies recommend a different and lower age cut-off for mask use42-45. It is recognized that children 
may reach developmental milestones at different ages and children five years of age and under may have the dexterity needed to 
manage a mask. Based on the do no harm approach, if the lower age cut-off of two or three years of age is to be used for 
recommending mask use for children, appropriate and consistent supervision, including direct line of sight supervision by a 
competent adult and compliance need to be ensured, especially if mask wearing is expected for an extended period of time. This is 
both to ensure correct use of the mask and to prevent any potential harm associated with mask wearing to the child.
Children with severe cognitive or respiratory impairments who have difficulties tolerating a mask should, under no circumstances, 
be required to wear masks.  
Other IPC, public health and social measures should be prioritized to minimize the risk of SA S-CoV-2 transmission for children 
five years of age and under; specifically maintaining physical distance of at least 1 meter where feasible, educating children to 
perform frequent hand hygiene and limiting the size of school classes. It is also noted that there may be other specific considerations, 
such as the presence of vulnerable persons or other local medical and public health advice that should be considered when 
determining if children five years of age and under need to wear a mask.  

2. For children between six and 11 years of age, a risk-based approach should be applied to the decision to use of a mask. 
This approach should take into consideration:

intensity of transmission in the area where the child is and updated data/available evidence on the risk of infection 
and transmission in this age group;
social and cultural environment such as beliefs, customs, behaviour or social norms that influence the community 
and population’s social interactions, especially with and among children;
the child’s capacity to comply with the appropriate use of masks and availability of appropriate adult supervision;
potential impact of mask wearing on learning and psychosocial development; and
additional specific considerations and adaptions for specific settings such as households with elderly relatives, 
schools, during sport activities or for children with disabilities or with underlying diseases.

3. Advice on mask use in children and adolescents 12 years or older should follow the WHO guidance for mask use in adults1

and/or the national mask guidelines for adults.

Even where national guidelines apply, additional specific considerations (see below) and adaptions for special settings such 
as schools, during sport, or for children with disabilities or with underlying diseases will need to be specified.

4. The use of a medical mask for immunocompromised children or for paediatric patients with cystic fibrosis or certain other 
diseases (e.g. cancer) is usually recommended but should be assessed in consultation with the child’s medical provider46,47.

a Defined by WHO as experiencing larger outbreaks of local transmission defined through an assessment of factors including, but not limited 
to: large numbers of cases not linkable to transmission chains; large numbers of cases from sentinel surveillance; and/or multiple unrelated 
clusters in several areas of the country/territory/area  (https://www.who.int/publications-detail/global-surveillance-for-covid-19-caused-by-
human-infection-with-covid-19-virus-interim-guidance)
b An example of considering childhood developmental milestones as defined by CDC are available here:
https://www.cdc.gov/ncbddd/actearly/pdf/checklists/Checklists-with-
Tips_ eader_50 .pdfhttps://www.cdc.gov/ncbddd/actearly/pdf/checklists/Checklists-with-Tips_ eader_50 .pdf

Based on the expert opinion gathered through online meetings and consultative processes, children aged up to five years Based on the expert opinion gathered through online meetings and consultative processes, childr
should not wear masks for source control. This advice is motivated by a do no harm  approach a

Children with severe cognitive or respiratory impairments who have difficulties tolerating a mask should, under no circumstances, Children with severe cognit
be required to wear masks.  

the child’s capacity to comply with the appropriate use of masks and availabili
potential impact of mask wearing on learning and psychosocial development; a
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For children of any age with developmental disorders, disabilities or other specific health conditions that might interfere 
with mask wearing, the use of masks should not be mandatory and should be assessed on a case by case basis by the child’s 
educator and/or medical provider. 

le en a on on e a on
ocal epidemiology and contextual issues, such as intensity of transmission, ability to physically distance or implement appropriate 

ventilation measures in indoor settings, age mixing and contact with other vulnerable individuals should be considered when
adopting advice for wearing masks among different age groups, in addition to potential harms and adverse effects of mask wearing. 
Age-appropriate communication aimed at improving understanding of the purpose of mask wearing, safe and appropriate mask 
wearing and maintenance of masks, should be provided by parents/guardians, teachers, educators, and trusted community members 
through role-modelling. Materials, messages and mechanisms for communication on masks for children should remain flexible and 
adaptive and be systematically reviewed and updated based on changes in evidence and community needs and questions4 ,49.
Children should also be listened to regarding their perceptions and any concerns about wearing a mask. Adapted communication 
should be available for different social, cultural and linguistic settings, with feedback mechanisms in place for responding to 
children’s questions and expectations.
Specific education and communication messages should be developed to ensure that the use of masks does not result in a false sense 
of security or disregard for other public health measures by children. It is important to emphasize that the use of masks is one tool 
and that children should also adhere to physical distancing, hand hygiene and respiratory etiquette. Parents, family members, 
teachers and educators have a critical role in ensuring that these messages are consistently conveyed to children.
Strategies for assisting children, especially in younger age groups, to manage the wearing of masks safely and effectively should be 
included in the implementation of this advice. This may include processes for safe storage of used masks for reuse by the same child 
after eating or exercising, storing soiled masks (e.g. in dedicated bags or containers) before they can be laundered and storage and 
supply of additional clean masks if a child’s mask becomes soiled, wet, or is lost. 
Masks should be made accessible free of charge to children living in households or geographic areas with social vulnerabilities and 
limited resources to ensure equitable access for all children. Consideration should also be made for provision of masks for the 
ourney to and from school.

The design of face masks for children should take into consideration the overall quality of the fabric, suitable breathability and 
comfort1 and child-friendliness (appropriate size, colours, design, etc.) to help improve their acceptance of and use by children. 
Specific attention needs to be given to the care of masks and the need for masks to be changed when they get wet or soiled. Specific 
measures will need to be in place for children under 12 years who are in a situation where they are asked to wear masks.
The age cut-off for wearing a mask should be adapted to social or school settings to avoid stigmatizing and alienating children in 
mixed-aged groups where individuals may be on opposite sides of a recommended age cut-off. For example, in situations where 
older children for whom masks are advised are in the same class as younger children who fall below the age cut-off for wearing 
masks, the older learners might be exempt from wearing masks.

e  a onal on e a on  o  l en  a l e
Children with developmental disorders or disabilities may face additional barriers, limitations and risks and therefore should be 
given alternative options to mask wearing, such as face shields (see below). Policies on masks should be adapted for children with 
disabilities based on social, cultural and environmental considerations.
Some children with disabilities require close physical contact with therapists, educators or social workers. In this context, it is critical 
that all care providers adopt key IPC measures, including wearing masks, and that settings are adapted to strengthen IPC.
The wearing of masks by children with hearing loss or auditory problems may present learning barriers and further challenges,
exacerbated by the need to adhere to the recommended physical distancing50. These children may miss learning opportunities 
because of the degraded speech signal stemming from mask wearing, the elimination of lipreading and speaker expressions and 
physical distancing. Adapted masks to allow lipreading (e.g. clear masks) or use of face shields (see below) may be explored as an 
alternative to fabric masks51. 

e  a onal on e a on  o  ool e n
To facilitate the operationalization of this guidance in school settings (as per national standards) it is advised that the age categories 
be adapted to the national/local education level structure.

For children of any age with developmental disorders, disabilities or other specific health conditions that might interfere For children of any age with developmental disorders, disabili
with mask wearing, the use of masks should not be mandatory a
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The use of masks by children and adolescents in schools should only be considered as one part of a comprehensive strategy to limit 
the spread of COVID-19. The following guidance documents can be used to inform policy making and programming either for a 
comprehensive school safety strategy when re-opening or operations in the context of COVID-19:

WHO considerations for school-related public health measures in the context of COVID-19

WB/WFP/UNESCO/UNICEF framework for school reopening

WHO/UNICEF/IF C Interim Guidance for COVID-19 Prevention and Control in Schools  
As part of the comprehensive school safety strategy for reopening, the views of teachers and educators on the perception of risks 
and the time burden required to ensure adherence to COVID-19 policies in schools and classrooms including the use of masks by 
children should be considered. Situations where wearing a mask can significantly interfere with the learning process and have a 
negative impact on critical school activities like physical education, meal programs, play time and sports  as well as learning  
require special consideration.
If wearing of fabric masks is recommended in schools, specific instructions and supplies should be provided for the safe storage, 
handling and availability of fabric masks (see above). A sufficient supply of appropriate masks should be ensured for all school 
children. Basic water, sanitation and hygiene requirements should be met in the school building so that comprehensive IPC measures 
can be implemented, linked to specific age-appropriate educational activities.
If medical or disposable masks are used in specific situations, a system for waste management including disposal of used masks 
will need to be established to reduce the risk of contaminated masks being disposed of in classrooms and playgrounds.
No children should be denied access to education because of mask wearing or the lack of a mask because of low resources or 
unavailability. 

Alternative to fabric masks for children
a e el

Face shields are designed to be used52 to provide protection from splashes of biological fluid (particularly respiratory secretions), 
chemical agents and debris53,54 into the eyes. In the context of protection from SA S-CoV-2 transmission through respiratory 
droplets, they are used by health workers as personal protective equipment (PPE) for eye protection in combination with a medical 
mask or a respirator55,56. In the context of COVID-19 in community settings, some children may not be able to wear a mask for a 
variety of reasons (e.g. health issues, fear of mask), and thus, face shields may be considered as an alternative to masks as respiratory 
droplet protection or as source control, based on availability, improved feasibility and better tolerability57,5 . Some countries, such 
as Australia59 recommend face shields as an alternative to a mask. Other countries, such as Singapore60 advise that both a mask and 
a shield can be worn together, but acknowledge that children with special needs may need to be exempt from wearing either. 
WHO and UNICEF have reviewed the current available evidence on the use of face shields for respiratory droplet protection and/or 
source control in the context of the COVID-19 pandemic. While a face shield may confer partial protection52 of the facial area 
against respiratory droplets with the added benefit of ease of use, the effectiveness of face shields for source control has not yet been 
adequately studied. Droplets may be exhaled or inhaled from the open gaps between the visor and the face52, which is a disadvantage 
inherent to its design53. Other design disadvantages include glaring, fogging, optical imperfection, and being bulkier than goggles 
and safety glasses61. There are many emerging face shield designs that attempt to overcome these limitations, but current laboratory 
testing standards only assess face shields for their ability to provide eye protection from chemical splashes61,62. Further research and 
laboratory challenge standards are urgently needed to investigate the effectiveness of face shields for respiratory droplet protection 
and/or source control56. At present, face shields are considered to provide a level of eye protection only and should not be considered 
as an equivalent to masks with respect to respiratory droplet protection and/or source control.  
WHO and UNICEF will continue to monitor emerging information on the use of face shields for the prevention of respiratory virus 
transmission. WHO and UNICEF advise that when physical distance cannot be maintained, and in special situations where it is not 
practical to wear a mask (for example, among children with hearing loss or other disabilities or health conditions that limit
compliance with wearing fabric or medical masks and consequently their utility), face shields may be used while taking the following 
considerations into account:

The face shield is an incomplete physical barrier and does not provide the filtration layers of a mask.
The face shield should cover the entire face, be wrapped around the sides of the face and extend to below the chin5 .

eusable face shields must be properly cleaned (with soap or a detergent and water), disinfected (with 70-90  alcohol) 
and stored after each use44. Face shields that will withstand the use of disinfectants without damaging their optical 
properties should be selected.
Maintaining physical distance of at least 1 m (3.3 feet) should be maintained where feasible, with ongoing promotion of 
frequent hand hygiene and respiratory etiquette56. 
Caution should be taken to avoid in ury when children don, wear, and doff face shields. 
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Monitoring and evaluation of the impact of the use of masks in children
If authorities decide to recommend mask-wearing for children, key information should be collected on a regular basis to accompany 
and monitor the intervention. Monitoring and evaluation should be established at the onset and should include indicators that
measure the impact on the child’s health, including mental health; reduction in transmission of SA S-CoV-2; motivators and 
barriers to mask wearing; and secondary impacts on a child’s development learning, attendance in school, ability to express 
him/herself or access school; and impact on children with developmental delays, health conditions, disabilities or other 
vulnerabilities.
Data should be used to inform strategies on communication; training and support to teachers, educators, and parents; engagement 
activities for children; and distribution of materials that empower children to use masks appropriately. 
Analysis should include sex, age, physical, social and economic stratification to ensure that the policy implementation contributes 
to reducing health and social inequities.

WHO and UNICEF will continue to closely monitor emerging evidence about this topic and the situation for any changes that may 
affect this interim guidance. Should any factors change, WHO and UNICEF will issue a further update. Otherwise, this interim 
guidance document will expire six months after the date of publication.
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This document, which is an update of the guidance published 
on 5 une 2020, includes new scientific evidence relevant to 
the use of masks for reducing the spread of SA S-CoV-2, the 
virus that causes COVID-19, and practical considerations. It 
contains updated evidence and guidance on the following: 

mask management; 
SA S-CoV-2 transmission; 
masking in health facilities in areas with community, 
cluster and sporadic transmission;  
mask use by the public in areas with community and 
cluster transmission; 
alternatives to non-medical masks for the public; 
exhalation valves on respirators and non-medical masks; 
mask use during vigorous intensity physical activity;  
essential parameters to be considered when 
manufacturing non-medical masks (Annex).  

Key points
The World Health Organization (WHO) advises the use 
of masks as part of a comprehensive package of 
prevention and control measures to limit the spread of 
SA S-CoV-2, the virus that causes COVID-19. A mask 
alone, even when it is used correctly, is insufficient to 
provide adequate protection or source control. Other
infection prevention and control (IPC) measures include 
hand hygiene, physical distancing of at least 1 metre, 
avoidance of touching one’s face, respiratory etiquette, 
adequate ventilation in indoor settings, testing, contact 
tracing, quarantine and isolation. Together these 
measures are critical to prevent human-to-human 
transmission of SA S-CoV-2. 
Depending on the type, masks can be used either for 
protection of healthy persons or to prevent onward 
transmission (source control). 
WHO continues to advise that anyone suspected or 
confirmed of having COVID-19 or awaiting viral 
laboratory test results should wear a medical mask when 
in the presence of others (this does not apply to those 
awaiting a test prior to travel).
For any mask type, appropriate use, storage and cleaning 
or disposal are essential to ensure that they are as 
effective as possible and to avoid an increased 
transmission risk. 

Mask use in health care settings
WHO continues to recommend that health workers (1) 
providing care to suspected or confirmed COVID-19 

1 For adequate ventilation refer to regional or national institutions 
or heating, refrigerating and air-conditioning societies enacting 
ventilation requirements. If not available or applicable, a 

patients wear the following types of mask/respirator in 
addition to other personal protective equipment that are 
part of standard, droplet and contact precautions: 

- medical mask in the absence of aerosol 
generating procedures (AGPs)

- respirator, N95 or FFP2 or FFP3 standards, or 
equivalent in care settings for COVID-19 
patients where AGPs are performed; these may 
be used by health workers when providing care 
to COVID-19 patients in other settings if they 
are widely available and if costs is not an issue.

In areas of known or suspected community or cluster 
SA S-CoV-2 transmission WHO advises the following:

- universal masking for all persons (staff, patients, 
visitors, service providers and others) within the 
health facility (including primary, secondary 
and tertiary care levels; outpatient care; and 
long-term care facilities)

- wearing of masks by inpatients when physical 
distancing of at least 1 metre cannot be
maintained or when patients are outside of their 
care areas.

In areas of known or suspected sporadic SA S-CoV-2
transmission, health workers working in clinical areas 
where patients are present should continuously wear a 
medical mask. This is known as targeted continuous 
medical masking for health workers in clinical areas;
Exhalation valves on respirators are discouraged as they 
bypass the filtration function for exhaled air by the 
wearer.

Mask use in community settings
Decision makers should apply a risk-based approach 
when considering the use of masks for the general public.
In areas of known or suspected community or cluster 
SA S-CoV-2 transmission: 

- WHO advises that the general public should 
wear a non-medical mask in indoor (e.g. shops, 
shared workplaces, schools - see Table 2 for 
details) or outdoor settings where physical 
distancing of at least 1 metre cannot be 
maintained.

- If indoors, unless ventilation has been be 
assessed to be adequate1, WHO advises that the 
general public should wear a non-medical mask,
regardless of whether physical distancing of at 
least 1 metre can be maintained.  

recommended ventilation rate of 10 l/s/person should be met 
(except healthcare facilities which have specific requirements). For 
more information consult Coronavirus (COVID-19) response 

 spread of 
A mask 2, the virus that causes COVID

alone, even when it is used correctly, is insufficient to alone, even when it is used correctly, is insuffic
provide adequate protection or source control. O
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- Individuals/people with higher risk of severe 
complications from COVID-19 (individuals  
60 years old and those with underlying 
conditions such as cardiovascular disease or 
diabetes mellitus, chronic lung disease, cancer, 
cerebrovascular disease or immunosuppression) 
should wear medical masks when physical 
distancing of at least 1 metre cannot be 
maintained.

In any transmission scenarios:
- Caregivers or those sharing living space with 

people with suspected or confirmed COVID-19, 
regardless of symptoms, should wear a medical 
mask when in the same room.

Mask use in children (2)
Children aged up to five years should not wear masks 
for source control.
For children between six and 11 years of age, a risk-
based approach should be applied to the decision to use 
a mask; factors to be considered in the risk-based 
approach include intensity of SA S-CoV-2
transmission, child’s capacity to comply with the 
appropriate use of masks and availability of appropriate 
adult supervision, local social and cultural environment, 
and specific settings such as households with elderly 
relatives, or schools.
Mask use in children and adolescents 12 years or older 
should follow the same principles as for adults.
Special considerations are required for 
immunocompromised children or for paediatric patients 
with cystic fibrosis or certain other diseases (e.g., cancer), 
as well as for children of any age with developmental 
disorders, disabilities or other specific health conditions 
that might interfere with mask wearing.

Manufacturing of non-medical (fabric) masks (Annex)
Homemade fabric masks of three-layer structure (based 
on the fabric used) are advised, with each layer 
providing a function: 1) an innermost layer of a 
hydrophilic material 2) an outermost layer made of 
hydrophobic material 3) a middle hydrophobic layer 
which has been shown to enhance filtration or retain 
droplets.  
Factory-made fabric masks should meet the minimum 
thresholds related to three essential parameters: 
filtration, breathability and fit.
Exhalation valves are discouraged because they bypass 
the filtration function of the fabric mask rendering it 
unserviceable for source control.

Methodology for developing the guidance
Guidance and recommendations included in this document 
are based on published WHO guidelines (in particular the 
WHO Guidelines on infection prevention and control of 
epidemic- and pandemic-prone acute respiratory infections in 
health care) (2) and ongoing evaluations of all available 
scientific evidence by the WHO ad hoc COVID-19 Infection 
Prevention and Control Guidance Development Group 
(COVID-19 IPC GDG) (see acknowledgement section for  
list of GDG members). During emergencies WHO publishes 
interim guidance, the development of which follows a

resources from ASH AE and others’’
https://www.ashrae.org/technical-resources/resources

transparent and robust process of evaluation of the available 
evidence on benefits and harms. This evidence is evaluated
through expedited systematic reviews and expert consensus-
building through weekly GDG consultations, facilitated by a 
methodologist and, when necessary, followed up by surveys. 
This process also considers, as much as possible, potential 
resource implications, values and preferences, feasibility, 
equity, and ethics. Draft guidance documents are reviewed by 
an external review panel of experts prior to publication.

Purpose of the guidance
This document provides guidance for decision makers, public 
health and IPC professionals, health care managers and health 
workers in health care settings (including long-term care and 
residential), for the public and for manufactures of non-
medical masks (Annex). It will be revised as new evidence 
emerges. 
WHO has also developed comprehensive guidance on IPC 
strategies for health care settings (3), long-term care facilities 
( TCF) (4), and home care (5). 

Background
The use of masks is part of a comprehensive package of 
prevention and control measures that can limit the spread of 
certain respiratory viral diseases, including COVID-19. 
Masks can be used for protection of healthy persons (worn to 
protect oneself when in contact with an infected individual) 
or for source control (worn by an infected individual to 
prevent onward transmission) or both. 
However, the use of a mask alone, even when correctly used 
(see below), is insufficient to provide an adequate level of 
protection for an uninfected individual or prevent onward 
transmission from an infected individual (source control).  
Hand hygiene, physical distancing of at least 1 metre, 
respiratory etiquette, adequate ventilation in indoor settings, 
testing, contact tracing, quarantine, isolation and other 
infection prevention and control (IPC) measures are critical 
to prevent human-to-human transmission of SA S-CoV-2, 
whether or not masks are used (6). 

Mask management
For any type of mask, appropriate use, storage and cleaning, 
or disposal are essential to ensure that they are as effective as 
possible and to avoid any increased risk of transmission. 
Adherence to correct mask management practices varies, 
reinforcing the need for appropriate messaging (7). 
WHO provides the following guidance on the correct use of 
masks:

Perform hand hygiene before putting on the mask.
Inspect the mask for tears or holes, and do not use a 
damaged mask.
Place the mask carefully, ensuring it covers the mouth 
and nose, ad ust to the nose bridge and tie it securely to 
minimize any gaps between the face and the mask. If 
using ear loops, ensure these do not cross over as this 
widens the gap between the face and the mask.

Children aged up to five years should not wear masks Children aged up to
for source control.
For children between six and 11 years of age, a risk-For children between six and 11 years of age, a risk
based approach should be applied to the decision to use based ap
a mask; 

However, the use of a mask alone, even when correctly used However, the use of a mask alone, even when correctly used 
(see below), is insufficient to provide an adequate level of (see below), is insufficient to provide an adequate level of 
protection for an uninfected individual or prevent onward protection for an uninfected individual or prevent onward 
transmission from an infected individual (source control).  transmission from an infected individual (source control).  
Hand hygiene, physical distancing of at least 1 metre, Hand hygiene, physical distancing of at least 1 metre, 
respiratory etiquette, adequate ventilation in indoor settings, respiratory etiquette, adequate ventilation in indoor settings, 
testing, contact tracing, quarantine, isolation and other testing, contact tracing, quarantine, isolation and other 
infection prevention and control (IPC) measures are critical infection prevention and control (IPC) measures are critical 
to prevent human-to-human transmission of SA S-CoV-2, to preve
whether or not masks are used 
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Guidance on mask use in community settings
en e on e o e e e e  o  a  e n 

o n  e n  
At present there is only limited and inconsistent scientific 
evidence to support the effectiveness of masking of healthy 
people in the community to prevent infection with respiratory 
viruses, including SA S-CoV-2 (75). A large randomized 
community-based trial in which 4 62 healthy participants 
were divided into a group wearing medical/surgical masks 
and a control group found no difference in infection with 
SA S-CoV-2 (76). A recent systematic review found nine 
trials (of which eight were cluster-randomized controlled 
trials in which clusters of people, versus individuals, were 
randomized) comparing medical/surgical masks versus no 
masks to prevent the spread of viral respiratory illness. Two 
trials were with healthcare workers and seven in the 
community. The review concluded that wearing a mask may 
make little or no difference to the prevention of influenza-like 
illness (I I) (  0.99, 95 CI 0. 2 to 1.1 ) or laboratory 
confirmed illness ( CI) (  0.91, 95 CI 0.66-1.26) (44); the 
certainty of the evidence was low for I I, moderate for CI. 
By contrast, a small retrospective cohort study from Bei ing 
found that mask use by entire families before the first family 
member developed COVID-19 symptoms was 79  effective 
in reducing transmission (O  0.21, 0.06-0.79) (77). A case-
control study from Thailand found that wearing a medical or 
non-medical mask all the time during contact with a COVID-
19 patient was associated with a 77  lower risk of infection 
(aO  0.23; 95  CI 0.09 0.60) (7 ). Several small 
observational studies with epidemiological data have 
reported an association between mask use by an infected 
person and prevention of onward transmission of SA S-
CoV-2 infection in public settings. ( , 79- 1).
A number of studies, some peer reviewed ( 2- 6) but most 
published as pre-prints ( 7-104), reported a decline in the 
COVID-19 cases associated with face mask usage by the 
public, using country- or region-level data. One study 
reported an association between community mask wearing 
policy adoption and increased movement (less time at home, 
increased visits to commercial locations) (105). These studies 
differed in setting, data sources and statistical methods and 
have important limitations to consider (106), notably the lack 
of information about actual exposure risk among individuals, 
adherence to mask wearing and the enforcement of other 
preventive measures (107, 10 ).  
Studies of influenza, influenza-like illness and human 
coronaviruses (not including COVID-19) provide evidence 
that the use of a medical mask can prevent the spread of 
infectious droplets from a symptomatic infected person to 
someone else and potential contamination of the environment 
by these droplets (75). There is limited evidence that wearing 
a medical mask may be beneficial for preventing transmission 
between healthy individuals sharing households with a sick 
person or among attendees of mass gatherings (44, 109-114).

A meta-analysis of observational studies on infections due to 
betacoronaviruses, with the intrinsic biases of observational 
data, showed that the use of either disposable medical masks 
or reusable 12 16-layer cotton masks was associated with 
protection of healthy individuals within households and 
among contacts of cases (46). This could be considered to be 
indirect evidence for the use of masks (medical or other) by 
healthy individuals in the wider community; however, these 
studies suggest that such individuals would need to be in close 
proximity to an infected person in a household or at a mass 
gathering where physical distancing cannot be achieved to 
become infected with the virus. esults from cluster 
randomized controlled trials on the use of masks among 
young adults living in university residences in the United 
States of America indicate that face masks may reduce the 
rate of influenza-like illness but showed no impact on risk of 
laboratory-confirmed influenza (115, 116).

an e
The WHO COVID-19 IPC GDG considered all available 
evidence on the use of masks by the general public including 
effectiveness, level of certainty and other potential benefits 
and harms, with respect to transmission scenarios, indoor 
versus outdoor settings, physical distancing and ventilation. 
Despite the limited evidence of protective efficacy of mask 
wearing in community settings, in addition to all other 
recommended preventive measures, the GDG advised mask 
wearing in the following settings:

1. In areas with known or suspected community or cluster 
transmission of SA S-CoV-2, WHO advises mask use 
by the public in the following situations (see Table 2):
Indoor settings: 

- in public indoor settings where ventilation is known to be 
poor regardless of physical distancing: limited or no 
opening of windows and doors for natural ventilation; 
ventilation system is not properly functioning or 
maintained; or cannot be assessed;

- in public indoor settings that have adequate3 ventilation 
if physical distancing of at least 1 metre cannot be 
maintained;  

- in household indoor settings: when there is a visitor who 
is not a household member and ventilation is known to 
be poor, with limited opening of windows and doors for 
natural ventilation, or the ventilation system cannot be 
assessed or is not properly functioning, regardless of 
whether physical distancing of at least 1 metre can be 
maintained;

- in household indoor settings that have adequate 
ventilation if physical distancing of at least 1 metre 
cannot be maintained.

3 For adequate ventilation refer to regional or national institutions 
or heating, refrigerating and air-conditioning societies enacting 
ventilation requirements. If not available or applicable, a 
recommended ventilation rate of 10 l/s/person should be met 
(except healthcare facilities which have specific requirements). For 
more information consult Coronavirus (COVID-19) response 

resources from ASH AE and others’’
https://www.ashrae.org/technical-resources/resources

At present there is only limited and inconsistent scientific At present there is only limited and inconsistent scientific 
evidence to support the effectiveness of masking of healthy evidence to support the effectiveness of masking of healthy 
people in the community to prevent infection with respiratory people in the community to preven
viruses, including SA S-CoV-2 . A large randomized 

fection with respiratory 
( ). A large randomized 

community-based trial in which 4 62 healthy participants 
ses, including SA S

community based trial in which 4 62 healthy participants 
were divided into a group wearing medical/surgical masks were divided into a group wearing medical/surgical masks 
and a control group found no difference in infection with and a control 
SA S-CoV-2

ty. The review concluded that wearing a mask may community. The review concluded that wearing a mask may 
make little or no difference to the prevention of influenza-like make li
illness (

g cannot be achieved to 
s. esults from cluster 

randomized controlled trials on the use of masks among randomized controlled trials on the use of masks among 
young adults living in university residences in the United young adults living in university residences in the United 
States of America indicate that face masks may reduce the States of America indicate that face masks may reduce the 
rate of influenza-like illness but showed no impact on risk of like illness but 
laboratory-confirmed influenza 

versus outdoor settings, physical distancing and ventilation. 
Despite the limited evidence of protective efficacy of mask Despite the limited evidence of p
wearing in community settings, 



Mask use in the context of COVID-19: Interim guidance

-10- 

In outdoor settings:
- where physical distancing of at least 1 metre cannot be 

maintained;
- individuals/people with higher risk of severe 

complications from COVID-
old and those with underlying conditions such as 
cardiovascular disease or diabetes mellitus, chronic lung 
disease, cancer, cerebrovascular disease or 
immunosuppression) should wear medical masks in any 
setting where physical distance cannot be maintained. 

2.    In areas with known or suspected sporadic transmission 
or no documented transmission, as in all transmission 
scenarios, WHO continues to advise that decision makers 
should apply a risk-based approach focusing on the following 
criteria when considering the use of masks for the public:

o e o  a  e. Is the intention source control 
(preventing an infected person from transmitting the 
virus to others) or protection (preventing a healthy 
wearer from the infection)

 o  e o e o o . Based on the 
epidemiology and intensity of transmission in the 
population, is there transmission and limited or no capacity 
to implement other containment measures such as contact 
tracing, ability to carry out testing and isolate and care for 
suspected and confirmed cases  Is there risk to individuals 
working in close contact with the public (e.g., social 
workers, personal support workers, teachers, cashiers)  

lne a l o  e a  ea e o la on. Is the 
mask wearer at risk of severe complications from 
COVID-19  Medical masks should be used by older 
people (  60 years old), immunocompromised patients 
and people with comorbidities, such as cardiovascular 
disease or diabetes mellitus, chronic lung disease, cancer 
and cerebrovascular disease (117).

e n n  e o la on l e . Is there high 
population density (such as in refugee camps, camp-like 
settings, and among people living in cramped conditions) 
and settings where individuals are unable to keep a 
physical distance of at least 1 metre (for example, on 
public transportation)

ea l . Are masks available at an affordable cost  
Do people have access to clean water to wash fabric 
masks, and can the targeted population tolerate possible 
adverse effects of wearing a mask

e o  a . Does the use of medical masks in the 
community divert this critical resource from the health 
workers and others who need them the most  In settings 
where medical masks are in short supply, o  o l  

e o e  o  eal  o e  an  a  
n al

The decision of governments and local urisdictions whether 
to recommend or make mandatory the use of masks should be 
based on the above assessment as well as the local context, 
culture, availability of masks and resources required.
3. In any transmission scenario: 

Persons with any symptoms suggestive of COVID-19 
should wear a medical mask and (5) additionally:
- self-isolate and seek medical advice as soon as they 

start to feel unwell with potential symptoms of 
COVID-19, even if symptoms are mild); 

- follow instructions on how to put on, take off, and 
dispose of medical masks and perform hand hygiene 
(11 );  

- follow all additional measures, in particular 
respiratory hygiene, frequent hand hygiene and 
maintaining physical distance of at least 1 metre 
from other persons (46). If a medical mask is not 
available for individuals with suspected or 
confirmed COVID-19, a fabric mask meeting the 
specifications in the Annex of this document should 
be worn by patients as a source control measure,
pending access to a medical mask. The use of a non-
medical mask can minimize the pro ection of 
respiratory droplets from the user (119, 120). 

- Asymptomatic persons who test positive for SA S-
CoV-2, should wear a medical mask when with 
others for a period of 10 days after testing positive.  

o en al ene a
The potential advantages of mask use by healthy people in the 
general public include:  

reduced spread of respiratory droplets containing 
infectious viral particles, including from infected persons 
before they develop symptoms (121); 
reduced potential for stigmatization and greater of 
acceptance of mask wearing, whether to prevent 
infecting others or by people caring for COVID-19 
patients in non-clinical settings (122); 
making people feel they can play a role in contributing to 
stopping spread of the virus; 
encouraging concurrent transmission prevention 
behaviours such as hand hygiene and not touching the 
eyes, nose and mouth (123-125); 
preventing transmission of other respiratory illnesses like 
tuberculosis and influenza and reducing the burden of 
those diseases during the pandemic (126). 

The potential disadvantages of mask use by healthy people in 
the general public include: 

headache and/or breathing difficulties, depending on 
type of mask used (55); 
development of facial skin lesions, irritant dermatitis or 
worsening acne, when used frequently for long hours  (5 ,
59, 127); 
difficulty with communicating clearly, especially for 
persons who are deaf or have poor hearing or use lip 
reading (12 , 129); 
discomfort (44, 55, 59) 
a false sense of security leading to potentially lower 
adherence to other critical preventive measures such as 
physical distancing and hand hygiene (105);
poor compliance with mask wearing, in particular by 
young children (111, 130-132);  
waste management issues; improper mask disposal 
leading to increased litter in public places and 
environmental hazards (133);
disadvantages for or difficulty wearing masks, especially 
for children, developmentally challenged persons, those 
with mental illness, persons with cognitive impairment, 
those with asthma or chronic respiratory or breathing 
problems, those who have had facial trauma or recent 
oral maxillofacial surgery and those living in hot and 
humid environments (55, 130).  

The potential advantages of mask use by healthy people in the The potential advantage
general public include:  

before they develop symptoms 
reduced potential for stigmatization and greater of reduced potential for stigmatization and greater of 
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Annex: pdated guidance on non-medical (fabric) masks
a o n

A non-medical mask, also called fabric mask, community 
mask or face covering, is neither a medical device nor 
personal protective equipment. Non-medical masks are aimed 
at the general population, primarily for protecting others from 
exhaled virus-containing droplets emitted by the mask wearer. 
They are not regulated by local health authorities or 
occupational health associations, nor is it required for 
manufacturers to comply with guidelines established by 
standards organizations.  Non-medical masks may be 
homemade or manufactured. The essential performance 
parameters include good breathability, filtration of droplets 
originating from the wearer, and a snug fit covering the nose 
and mouth. Exhalation valves on masks are discouraged as 
they bypass the filtration function of the mask.
Non-medical masks are made from a variety of woven and non-
woven fabrics, such as woven cotton, cotton/synthetic blends, 
polyesters and breathable spunbond polypropylene, for example. 
They may be made of different combinations of fabrics, layering 
sequences and available in diverse shapes. Currently, more is 
known about common household fabrics and combinations to 
make non-medical masks with target filtration efficiency and 
breathability (119, 146-150). Few of these fabrics and 
combinations have been systematically evaluated and there is no 
single design, choice of material, layering or shape among 
available non-medical masks that are considered optimal. While 
studies have focussed on single fabrics and combinations, few 
have looked at the shape and universal fit to the wearer. The 
unlimited combination of available fabrics and materials results 
in variable filtration and breathability. 
In the context of the global shortage of medical masks and 
PPE, encouraging the public to create their own fabric masks 
may promote individual enterprise and community 
integration. Moreover, the production of non-medical masks 
may offer a source of income for those able to manufacture 
masks within their communities. Fabric masks can also be a 
form of cultural expression, encouraging public acceptance of 
protection measures in general. The safe re-use of fabric 
masks will also reduce costs and waste and contribute to 
sustainability (151-156).
This Annex is destined intended for two types of readers:  
homemade mask makers and factory-made masks 
manufacturers. Decision makers and managers (national/sub-
national level) advising on a type of non-medical mask are 
also the focus of this guidance and should take into 
consideration the following features of non-medical masks: 
breathability, filtration efficiency (FE), or filtration, number 
and combination of fabric layers material used, shape, coating 
and maintenance.

en e on e e e ene  o  non e al a  
a  

A number of reviews have been identified on the 
effectiveness of non-medical masks (151-156). One 
systematic review (155) identified 12 studies and evaluated 
study quality. Ten were laboratory studies (157-166), and two 
reports were from a single randomized trial (72, 167). The 
ma ority of studies were conducted before COVID-19
emerged or used laboratory generated particles to assess 
filtration efficacy.  Overall, the reviews concluded that 

cloth face masks have limited efficacy in combating viral 
infection transmission. 

o e a e non e al a
Homemade non-medical masks made of household fabrics 
(e.g., cotton, cotton blends and polyesters) should ideally 
have a three-layer structure, with each layer providing a 
function (see Figure 1) (16 ). It should include:  
1. an innermost layer (that will be in contact with the face) 

of a hydrophilic material (e.g., cotton or cotton blends of 
terry cloth towel, quilting cotton and flannel) that is non-
irritating against the skin and can contain droplets (14 )  

2. a middle hydrophobic layer of synthetic breathable non-
woven material (spunbond polypropylene, polyester and 
polyaramid), which may enhance filtration, prevent 
permeation of droplets or retain droplets (14 , 150)

3. an outermost layer made of hydrophobic material (e.g. 
spunbond polypropylene, polyester or their blends), 
which may limit external contamination from penetrating 
through the layers to the wearer’s nose and mouth and 
maintains and prevents water accumulation from 
blocking the pores of the fabric (14 ).

Although a minimum of three layers is recommended for non-
medical masks for the most common fabric used, single, 
double or other layer combinations of advanced materials 
may be used if they meet performance requirements. It is 
important to note that with more tightly woven materials, 
breathability may be reduced as the number of layers 
increases. A quick check may be performed by attempting to 
breathe, through the mouth, through the multiple layers. 

igure 1 Non-medical mask construction using breathable 
fabrics such as cotton, cotton blends, polyesters, nylon and 
polypropylene spunbond that are breathable may impart 
adequate filtration performance when layered. Single- or 
double-layer combinations of advanced materials may be 
used if they meet performance requirements (72).
Assumptions regarding homemade masks are that individual 
makers only have access to common household fabrics and 
do not have access to test equipment to confirm target 
performance (filtration and breathability). Figure 1 illustrates 
a multi-layer mask construction with examples of fabric 
options. Very porous materials, such as gauze, even with 
multiple layers, may provide very low filtration efficiency 
(147). Higher thread count fabrics offer improved filtration 
performance (169). Coffee filters, vacuum bags and materials
not meant for clothing should be avoided as they may contain 
in urious content when breathed in. Microporous films such 
as Gore-Tex are not recommended (170).

Inner
Hydrophilic
Cotton or 
cotton blend

Middle
Filtration
Nylon, PP 
spunbond, 
wool felt

Outer
Hydrophobic
Polyester
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www.fitness.gov when it has been 
finalized. 

The meeting that is scheduled to be 
held on May 5, 2015, is open to the 
public. Every effort will be made to 
provide reasonable accommodations for 
persons with disabilities and/or special 
needs who wish to attend the meeting. 
Persons with disabilities and/or special 
needs should call (240) 276–9567 no 
later than close of business on April 21, 
2015, to request accommodations. 
Members of the public who wish to 
attend the meeting are asked to pre- 
register by sending an email to 
rsvp.fitness@hhs.gov or by calling (240) 
276–9567. Registration for public 
attendance must be completed before 
close of business on April 28, 2015. 

Dated: March 20, 2015. 
Shellie Y. Pfohl, 
Executive Director, Office of the President’s 
Council on Fitness, Sports, and Nutrition, 
U.S. Department of Health and Human 
Services. 
[FR Doc. 2015–06999 Filed 3–26–15; 8:45 am] 

BILLING CODE 4150–35–P 

DEPARTMENT OF HEALTH AND 
HUMAN SERVICES 

Centers for Disease Control and 
Prevention 

Criteria for Requesting Federal Travel 
Restrictions for Public Health 
Purposes, Including for Viral 
Hemorrhagic Fevers 

AGENCY: Centers for Disease Control and 
Prevention (CDC), Department of Health 
and Human Services (HHS). 
ACTION: Notice. 

SUMMARY: The Centers for Disease 
Control and Prevention (CDC) in the 
Department of Health and Human 
Services (HHS) is publishing this Notice 
to inform the public of the criteria CDC 
considers for requesting federal travel 
restrictions for public health purposes, 
including for use of the Do Not Board 
(DNB) list and Public Health Border 
Lookout records. Individuals with 
communicable diseases that pose a 
public health threat to travelers can be 
placed on this list to restrict them from 
boarding commercial aircraft arriving 
into, departing from, or traveling within 
the United States. This notice further 
describes the factors that HHS/CDC will 
consider in evaluating whether to 
request that an individual who may 
have been exposed to a hemorrhagic 
fever virus be placed on the DNB list, 
which is administered by the 
Department of Homeland Security 
(DHS). It also contains information for 

individuals who have been placed on 
this list to respond to this decision in 
writing, if they believe the decision was 
made in error. This notice is effective 
immediately. 
DATES: This notice is effective on March 
27, 2015. 
FOR FURTHER INFORMATION CONTACT: For 
information regarding this Notice: 
Ashley A. Marrone, J.D., Division of 
Global Migration and Quarantine, 
Centers for Disease Control and 
Prevention, 1600 Clifton Road NE., MS– 
E03, Atlanta, GA 30329. For information 
regarding CDC operations related to this 
Notice: Travel Restrictions and 
Intervention Activity, ATTN.: Francisco 
Alvarado-Ramy, M.D., Division of 
Global Migration and Quarantine, 
Centers for Disease Control and 
Prevention, 1600 Clifton Road NE., MS– 
C–01, Atlanta, GA 30329. Either may 
also be reached by telephone 404–498– 
1600 or email travelrestrictions@
cdc.gov. 
SUPPLEMENTARY INFORMATION: 

I. Background 
Individuals with communicable 

diseases who travel on commercial 
aircraft can pose a risk for infection to 
the traveling public. In June 2007, HHS/ 
CDC and DHS developed a public health 
DNB list, enabling domestic and 
international public health officials to 
request that individuals with 
communicable diseases who meet 
specific criteria, including having a 
communicable disease that poses a 
public health threat to the traveling 
public, be restricted from boarding 
commercial aircraft arriving into, 
departing from, or traveling within the 
United States.1 The public health DNB 
list, administered by DHS and based on 
HHS/CDC’s requests, is intended to 
supplement state and/or local public 
health measures to prevent individuals 
who are infectious, or reasonably 
believed to have been exposed to a 
communicable disease and may become 
infectious, from boarding commercial 
aircraft. Use of the list is limited to 
those communicable diseases that 
would pose a public health threat to 
travelers should the infected individual 
be permitted to board a flight. Once an 
individual is placed on the DNB list, 
airlines are instructed not to issue a 
boarding pass to the individual for any 
commercial domestic flight or for any 
commercial international flight arriving 
in or departing from the United States. 

An individual is typically removed from 
the DNB upon receipt by HHS/CDC of 
the treating physician’s or public health 
authority’s statement (or other medical 
documentation) that the individual is no 
longer considered infectious, or lapse of 
the period that the individual is at risk 
of becoming infectious without 
development of symptoms. 

Individuals included on the DNB list 
are assigned a Public Health Border 
Lookout (‘‘Lookout’’) record that assists 
in ensuring that an individual placed on 
the DNB is detected if he or she 
attempts to enter or depart the United 
States through a port of entry. When this 
happens, officials from U.S. Customs 
and Border Protection (CBP), a 
component agency of DHS, notify HHS/ 
CDC so that a thorough public health 
inquiry and evaluation can be 
conducted and appropriate public 
health action taken, as needed. 

Requests for an individual to be 
placed on the public health DNB list 
with an associated Lookout record 
happen through a number of means, 
including: State or local public health 
officials contact the CDC Quarantine 
Station of jurisdiction, health-care 
providers make requests by contacting 
their state or local public health 
departments, and foreign and U.S. 
government agencies contact the CDC’s 
Emergency Operations Center (EOC) in 
Atlanta. HHS/CDC may also request that 
DHS place an individual on the public 
health DNB and Lookout lists if HHS/
CDC becomes independently aware of 
an individual who meets the placement 
criteria.2 

HHS/CDC has refined the criteria that 
it initially considered, as published in 
the Morbidity and Mortality Weekly 
Report (MMWR) in 2008, and this notice 
describes the criteria CDC currently 
considers when making requests to DHS 
to include an individual on the DNB list 
and associated Lookout record. If an 
individual satisfies the first criteria and 
any of the three other criteria, then he/ 
she may qualify to be placed on the list. 
Currently, HHS/CDC considers whether: 

(1) The individual is known or 
reasonably believed to be infectious or 
reasonably believed to have been 
exposed to a communicable disease and 
may become infectious with a 
communicable disease that would be a 
public health threat should the 
individual be permitted to board a 
commercial aircraft or travel in a 
manner that would expose the public; 
and 
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3 See http://www.cdc.gov/vhf/ebola/exposure/
monitoring-and-movement-of-persons-with- 
exposure.html. 

4 42 U.S.C. 264–265. The Secretary has 
promulgated implementing regulations at 42 CFR 
parts 70 and 71, administered by the CDC. 

5 See generally U.S. Department of Health and 
Human Services Centers for Disease Control and 
Prevention, Public Health Screening at U.S. Ports of 
Entry: A Guide for Federal Inspectors (July 2007) 
(describing port of entry health screening 
procedures); 42 CFR part 70 (interstate quarantine 
regulations); 42 CFR part 71 (foreign quarantine 
regulations). 

6 See 42 U.S.C. 97, 268(b). 

7 49 U.S.C. 106(l), (m), 114(m). 
8 49 U.S.C. 114(f)(3), (4). 
9 See, e.g., 49 U.S.C. 114(h)(3). 
10 6 U.S.C. 321e(c)(1). 

11 In addition to contacting CDC, individuals 
seeking removal from the Public Health DNB may 
also seek assistance through the redress process 
established by DHS in 49 CFR 1560.205. 

(2) the individual is not aware of his 
or her diagnosis, has been advised 
regarding the diagnosis and is non- 
compliant with public health requests 
or has shown potential for non- 
compliance, or is unable to be located; 
or 

(3) the individual is at risk of 
traveling on a commercial flight or of 
traveling internationally by any means; 
or 

(4) the individual’s placement on the 
DNB is necessary to effectively respond 
to outbreaks of communicable disease or 
other conditions of public health 
concern. For example, an individual’s 
placement on the DNB may be 
considered when necessary to aid in the 
application of controlled movement 3 or 
in the execution of a federal, state, or 
local quarantine, isolation, or 
conditional release order. 

II. Authority 

The DNB list and Lookout record are 
based on requests made by HHS/CDC 
regarding public health decisions and 
actions, and are administered by DHS. 
Under the Public Health Service Act, 
the Secretary of HHS is authorized to 
make and enforce regulations and take 
other actions necessary to prevent the 
introduction, transmission, or spread of 
communicable diseases from foreign 
countries into the United States or 
between states.4 Under its delegated 
authority, the HHS/CDC Division of 
Global Migration and Quarantine fulfills 
this responsibility through a variety of 
activities that may include operating 
quarantine stations at ports of entry, 
conducting routine public health 
screening, and administering quarantine 
regulations that govern the international 
and interstate movement of persons, 
animals, and cargo.5 

Authority of DHS 

Federal law authorizes CBP, U.S. 
Immigration and Customs Enforcement 
(ICE), and U.S. Coast Guard (USCG) 
officers to assist HHS by enforcing 
quarantine rules and regulations.6 In 
addition, other DHS Components such 
as the Transportation Security 

Administration (TSA), relying on their 
existing authorities, may provide 
supportive roles to federal screening 
efforts designed to prevent the 
introduction and spread of 
communicable disease. 

TSA has the authority to accept the 
services of, or otherwise cooperate with, 
other federal agencies including 
implementing the DNB list.7 Further, 
TSA may ‘‘develop policies, strategies, 
and plans for dealing with the threats 
. . . including coordinating 
countermeasures with appropriate 
departments, agencies, and 
instrumentalities of the United States.’’ 8 
Consistent with this authority, TSA may 
assist another Federal agency in 
carrying out its authority in order to 
address a threat to transportation. These 
threats may involve passenger safety.9 
In administering the DNB list, TSA 
relies on CDC to make public health 
findings as the basis for its request. As 
the medical authority for DHS,10 the 
Office of Health Affairs reviews and 
approves the medical appropriateness of 
HHS/CDC’s request prior to DHS 
implementing HHS/CDC’s request by 
placing the person on the DNB list. 

III. Operations 
Because of the urgency involved in 

restricting individuals with serious 
communicable diseases from boarding 
commercial aircraft, individuals might 
not be notified prior to their inclusion 
on the DNB list and associated Lookout 
record. When an individual is placed on 
the DNB list with an associated Lookout 
record, HHS/CDC advises in writing that 
the individual is temporarily restricted 
from traveling by commercial air carrier 
and provides the reasons why HHS/CDC 
has reached this decision. HHS/CDC 
interprets ‘‘temporarily restricted’’ to 
mean that the individual will remain on 
the lists until no longer considered to be 
infectious or at risk of becoming 
infectious. HHS/CDC’s notification to 
the individual also explains that, while 
the individual is on these lists, travel by 
commercial aircraft is forbidden and 
any attempt to enter the United States 
through any port of entry will be 
stopped by CBP officials and that the 
individual will be referred for public 
health evaluation. If an individual 
cannot be located, HHS/CDC works with 
state and local public health officials to 
contact the individual through family or 
other contacts. HHS/CDC and DHS take 
great care to ensure personal medical 
information is safeguarded. 

As part of its notification process 
HHS/CDC also asks the appropriate state 
or local health department to notify the 
individual directly, state the reasons for 
the placement on the DNB list and 
associated Lookout record, and provide 
the medical or public health 
requirements that must be satisfied to be 
removed from the lists. The primary 
consideration for requesting removal 
from the DNB list and associated 
Lookout record is CDC’s determination 
that the individual is no longer 
considered to be infectious or at risk of 
becoming infectious; however, other 
factors may be taken into consideration 
including the individual’s return to 
treatment, if applicable, and following 
public health recommendations. Once 
HHS/CDC receives documentation that 
these medical and other stated 
requirements have been met, it sends a 
request to DHS to lift the travel 
restrictions (both the DNB list and the 
Lookout record).11 Once an individual 
is removed from the DNB list and the 
associated Lookout record is removed, a 
second notification letter is sent by 
HHS/CDC to the individual informing 
him or her that the public health travel 
restrictions have been removed and 
providing further recommendations on 
an as-needed basis (e.g., advising that 
the individual continue treatment, if 
applicable). 

HHS/CDC’s letter informing 
individuals that they have been placed 
on the DNB list and associated Lookout 
records invites individuals who believe 
that HHS/CDC’s public health decision 
was made in error to submit a written 
response to the Director of HHS/CDC’s 
Division of Global Migration and 
Quarantine and provide any supporting 
facts or other evidence supporting their 
belief. These operations and procedures 
will not change as a result of this 
Notice. 

IV. Requesting Travel Restrictions for 
Viral Hemorrhagic Fevers 

To date, the DNB list and associated 
Lookout records have been used 
primarily with respect to individuals 
with suspected or confirmed pulmonary 
tuberculosis (TB), including multidrug- 
resistant tuberculosis (MDR–TB), and a 
very small number with measles. 
However, travel restrictions are also 
applicable to other suspected or 
confirmed communicable diseases that 
could pose a public health threat during 
travel, including viral hemorrhagic 
fevers such as Ebola virus disease 
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(Ebola). Ebola is a type of viral 
hemorrhagic fever that is often fatal in 
humans and nonhuman primates. Ebola 
can spread through human-to-human 
transmission, with infection resulting 
from direct contact (through broken skin 
or mucous membranes) with the blood, 
secretions, droplets, or other body fluids 
of infected people, and indirectly from 
contact with surfaces or items (such as 
needles) contaminated with such fluids. 

With respect to viral hemorrhagic 
fevers, placement on the DNB list and 
associated Lookout record is requested 
for people known or suspected to have 
a viral hemorrhagic fever. Placement 
may also be requested for people 
without symptoms who have been 
exposed to a viral hemorrhagic fever, 
particularly if these individuals intend 
to travel against public health 
recommendations. Even though people 
without symptoms are not infectious, 
these restrictions are requested because 
of the possibility that symptoms could 
develop during travel, particularly long 
international flights. Exposure is 
determined through a CDC risk factor 
assessment using information available 
from a variety of public health, medical 
and other official sources. Examples of 
types of potential exposure to viral 
hemorrhagic fevers contained within the 
CDC risk factor assessment include the 
following. It should be noted that not all 
of these exposures may result in travel 
restrictions. 
• Having been in a country with 

widespread Ebola virus transmission 
within the past 21 days and, although 
having had no known exposures, is 
showing symptoms 

• Percutaneous (e.g., needle stick) or 
mucous membrane exposure to blood 
or body fluids of a person with Ebola 
while the person was showing 
symptoms 

• Exposure to the blood or body fluids 
(including but not limited to feces, 
saliva, sweat, urine, vomit, and 
semen) of a person with Ebola while 
the person was showing symptoms 
without appropriate personal 
protective equipment (PPE) (see 
http://www.cdc.gov/vhf/ebola/hcp/
procedures-for-ppe.html) 

• Laboratory processing of blood or 
body fluids of a person with Ebola 
while the person was showing 
symptoms without appropriate PPE or 
standard biosafety protections 

• Direct contact with a dead body 
without appropriate PPE in a country 
with widespread Ebola virus 
transmission (see http://www.cdc.gov/ 
vhf/ebola/outbreaks/2014-west-africa/
distribution-map.html) 

• Having lived in the immediate 
household and provided direct care to 

a person with Ebola while the person 
was showing symptoms 

• In countries with widespread Ebola 
virus transmission: Direct contact 
while using appropriate PPE with a 
person with Ebola while the person 
was showing symptoms, or with the 
person’s body fluids, or any direct 
patient care in other healthcare 
settings 

• Close contact in households, 
healthcare facilities, or community 
settings with a person with Ebola 
while the person was showing 
symptoms 

Æ Close contact is defined as not 
wearing appropriate PPE within 
approximately 3 feet (1 meter) of a 
person with Ebola while the person 
was showing symptoms 

• Having brief direct contact (e.g., 
shaking hands), while not wearing 
appropriate PPE, with a person with 
Ebola while the person was in the 
early stage of disease 

• In countries without widespread 
Ebola virus transmission: Direct 
contact while using appropriate PPE 
with a person with Ebola while the 
person was showing symptoms 

• Traveled on an aircraft with a person 
with Ebola while the person was 
showing symptoms 

Exposure risk factors, such as those just 
described, will be considered by HHS/ 
CDC in their totality when determining 
whether an individual meets the first 
criteria for placement on the DNB List, 
as described in Section I of this notice. 
HHS/CDC would also consider other 
facts and information it may have to 
make a decision with respect to the 
other criteria, as described in Section I 
of this notice. It should be noted that all 
facts are considered when applying the 
criteria. Again, with the exception of the 
first criteria, not all of the other criteria 
need to be present for HHS/CDC to 
make a request to DHS to have an 
individual placed on DNB and Lookout. 

HHS/CDC would also consider these 
risk factors when assessing an 
individual who has been in a country 
where outbreaks of viral hemorrhagic 
fevers were occurring and refuses to 
comply with a public health assessment, 
and otherwise meets the travel 
restriction criteria. Refusing to comply 
with a public health risk assessment in 
this situation could include refusing to 
provide relevant information that would 
allow public health officials to assess 
the exposure risk. 

V. Provisions of This Notice 
HHS/CDC will make requests of DHS 

based on the criteria in this notice 
effective immediately. Individuals who 
have had their travel temporarily 

restricted as a result of placement on the 
DNB list and associated Lookout records 
may submit a written response to the 
Director, Division of Global Migration 
and Quarantine, if they believe that 
HHS/CDC has erred in its public health 
request to DHS. The response should be 
addressed to: Director, Division of 
Global Migration and Quarantine, 
ATTN: Travel Restriction and 
Intervention Activity, Centers for 
Disease Control and Prevention, 1600 
Clifton Road, MS E–03, Atlanta, GA 
30329. Responses may also be faxed to 
CDC at (404) 718–2158 or emailed to 
travelrestrictions@cdc.gov. 

As part of the response, individuals 
should include the reference number 
listed in the notification letter they 
received and any facts or other evidence 
indicating why they believe that HHS/ 
CDC’s public health request was made 
in error. 

The policy and program operations 
described above will become effective 
on March 27, 2015. 

Dated: March 24, 2015. 
Sylvia M. Burwell, 
Secretary. 
[FR Doc. 2015–07118 Filed 3–26–15; 8:45 am] 

BILLING CODE 4163–18–P 

DEPARTMENT OF HEALTH AND 
HUMAN SERVICES 

Food and Drug Administration 

[Docket No. FDA–2011–N–0908] 

Agency Information Collection 
Activities; Proposed Collection; 
Comment Request; Guidance for 
Clinical Trial Sponsors: Establishment 
and Operation of Clinical Trial Data 
Monitoring Committees 

AGENCY: Food and Drug Administration, 
HHS. 
ACTION: Notice. 

SUMMARY: The Food and Drug 
Administration (FDA) is announcing an 
opportunity for public comment on the 
proposed collection of certain 
information by the Agency. Under the 
Paperwork Reduction Act of 1995 (the 
PRA), Federal Agencies are required to 
publish notice in the Federal Register 
concerning each proposed collection of 
information, including each proposed 
extension of an existing collection of 
information and to allow 60 days for 
public comment in response to the 
notice. This notice solicits comments on 
the collection of information concerning 
the establishment and operation of 
clinical trial data monitoring 
committees. 
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TEMPERATURE SCREENING 

To help ensure the well-being of everyone on board, a non
invasive temperature screening taken on the forehead using 
a touch less thermometer will be taken at the gate for all 
passengers and crew. 

Anyone with a temperature of 100.4 degrees Fahrenheit or 
higher will not be able to board the plane. If time allows, we 
will give customers the opportunity to rest before receiving a 
second check. If the second temperature screening is 100.4 
degrees or higher, our team will help the customer to rebook 
travel on a later date when they are feeling better. 

UICK EASY HEA TH ACKNOWLEDGEMENT 

When you check-in for your flight on our website or mobile 
app, you wm be asked to accept the following health 
acknowledgment: 

• You will have your temperature -screened by a touch-less 
thermometer prior to boarding. Anyone with a 
temperature of100.4 degrees or higher will not be 
allowed to fly. 

• You will wear a fac:e covering over your nose and 
mouth throughout your journey, including ticket 
counters, gate areas, and onboard our aircraft. 

• In the last 14 days, neither you, nor anyone in your 
household or that you have come in close contact with, 
has tested positive for, exhibited symptoms of, or been 
advised to quarantine for COVID-19. 

• You will wash your hands/sanitize before boarding· the 
flight. 
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ACKNOWLEDGEMENTS 

This project arose in response to a complex set of problems during an unprecedented crisis. 
Three months into the COVID-19 pandemic, the aviation industry faced a significant decline in 
passenger traffic and revenue. There was interest in finding an independent, science-based 
resource to answer difficult public health safety questions, critical to both protect the workforce 
and the public, and essential to restarting this important segment of the national economy. 

Out of that interest to reopen the sector safely, discussions began between Airlines for America 
(A4A) and faculty at the National Preparedness Leadership Initiative (NPLI), a joint program of 
the Harvard T.H, Chan School of Public Health and the Harvard Kennedy School of 
Government.  

Those conversations led to development of the Aviation Public Health Initiative (APHI). As lead 
sponsoring organization, A4A engaged their member organizations, along with a group of 
manufacturers and airport operators. These companies generously provided financial support, 
shared data and information, facilitated conversations with airline COVID-19 working groups, 
and opened opportunities to speak with the airline crewmembers. That breadth of conversation 
and data access was critical to collecting the body of knowledge required to reach the findings 
and recommendations in this report. That interest led to discussions and briefs with numerous 
government officials associated with the aviation industry. Through it all, this group of industry 
and government leaders respected the independence of the APHI scientists and their research. 
The APHI team deeply appreciates the numerous contributions, the support, and the commitment 
of these sponsors and leaders to the scientific objectives of this inquiry. 

The APHI project team includes faculty and associates of the Harvard T.H. Chan School of 
Public Health. The leadership includes Director Leonard J. Marcus, PhD; Deputy Director Vice 
Admiral Peter V. Neffenger, USCG (ret); Science Director John D. Spengler, PhD.; and Deputy 
Science Director John F. McCarthy, ScD, C.I.H. The project team includes Senior Project 
Manager Leila Roumani, DMD, MPH; Communications Specialist Richard Ades; Infectious 
Disease Consultant, Edward A. Nardell, MD; and Lead Science and Technical Writer Wendy M. 
Purcell, PhD, FRSA. The science and technology research team includes Ramon Alberto 
Sanchez, PhD; Ted Myatt, ScD; Jose Guillermo Cedeno Laurent, PhD; Jerry F. Ludwig, PhD; 
Steve Hanna, PhD; Judith Irene Rodriquez, MS; and Steve Bloom, MS. Susan Flaherty, Regina 
Jungbluth, Michelle Tracanna, and Joan Arnold provided essential administrative support. 

The findings and recommendations of this report are the independent conclusions of the Harvard 
T.H. Chan School of Public Health Aviation Public Health Initiative. The APHI team hopes its 
contents will underscore the importance of following science, to save lives, to reinvigorate 
economic well-being, and to lead the country and the world to overcome the COVID-19 crisis.     

Leonard J. Marcus, PhD 
Director, Aviation Public Health Initiative 
Harvard T.H. Chan School of Public Health 
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susceptibility of the person exposed, the biological dose of virus particles delivered to a 
target organ and the duration over which the exposure occurs. The infectious dose for SARS-
CoV-2 is yet unknown. Particles (detectable, viable, and infectious) are estimated from 
source measurements, but include many particles that do not cause infection due to viability, 
infectivity, host defenses, etc. In such situations, the concept of quanta is used (see Section 
3.2.6) to describe whatever that unknown number might be, and probability is applied to 
estimate the likelihood of inhaling an infectious dose, i.e., quanta of infection. Quanta are 
therefore agnostic about the actual number of particles, but quantifies the number of doses 
generated by the source under specific circumstances and considering the probability of 
inhaling an infectious dose. As such, quanta allows quantification of risk reductions for 
mitigation strategies and calculations of comparative risk for different social activities, and it 
applies to analysis of disease transmission in the unique circumstances of an aircraft cabin. 
 

2. The Layered Approach to Risk Reduction: The NPI (Non-Pharmaceutical Interventions) 
proposed for risk mitigation of SARS-CoV-2 transmission includes the consistent operation 
of ventilation systems, disinfection of surfaces, consistent wearing of face masks, and 
procedures during boarding and deplaning to maximize social distancing among passengers 
and crewmembers. The efficacy of these combined strategies is given in Table 1.1. Details 
underpinning the approach are found in the thematic sections of the Report that present the 
detailed scientific rationale and evidence in support of the strategy. This layered NPI 
approach serves to reduce significantly the risks of disease transmission in the aircraft 
environment. 
 

3. Ventilation Systems on Aircraft: These sophisticated systems deliver high amounts of 
clean air to the cabin that rapidly disperses exhaled air, with displacement in the downward 
direction, reducing the risk of passenger-to-passenger spread of respiratory pathogens. 
Aircraft ventilation offers enhanced protection for diluting and removing airborne contagions 
in comparison to other indoor spaces with conventional mechanical ventilation and is 
substantially better than residential situations. This level of ventilation effectively counters 
the proximity travelers will be subject to during flights. The level of ventilation provided 
onboard aircraft would substantially reduce the opportunity for person-to-person 
transmission of infectious particles, when coupled with consistent compliance with mask-
wearing policies. 
 

4. Crew and Passenger Behavior: Deterrence of behaviors that increase the likelihood of 
transmission of SARS-CoV-2 from one person to the next is the most critical factor in 
enhancing public health safety onboard aircraft. Health attestations and screening for crew 
and passengers who show symptoms of COVID-19 reduce the likelihood that an infectious 
individual will board a plane until rapid, reliable, and inexpensive testing becomes available. 
Face masks significantly reduce transmission and airlines now require passengers to wear 
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strategies. Particular emphasis is placed on the effectiveness of aircraft ventilation systems, 
which are able to filter 99.97% of SARS-CoV-2 particles out of air found on aircraft.  
 
Air travel demands the design of effective strategies to mitigate transmission given people 
are typically in close proximity to one another. These conditions may be exacerbated 
onboard. Prior to arrival at the airport, at check-in and/or before boarding, passengers 
may be subject to health screening and testing (see Section 6.0), with those of concern 
isolated or refused boarding. Passengers can be required to wear an appropriate face 
covering, typically a mask (see Section 7.0). Upon boarding and deplaning, an orderly 
process can be implemented to support physical distancing and reduced density (see 
Section 8.0). In reality, 100% compliance with these measures will be difficult to achieve in 
all settings. The success of these NPI depends upon educating travelers to the benefits they 
offer travelers and workers associated with their travel. Compliance and enforcement are 
essential. Furthermore, transmission is reduced by enhanced cleaning protocols and 
disinfection of surfaces (see Section 9.0) along with physical engineering controls and 
ventilation (see Section 10.0). New technologies and innovative techniques are being 
developed and implemented to meet the continuing challenges posed by the COVID-19 
pandemic.  
 
The risk of transmission on an aircraft can be reduced to very low levels with full compliance of 
the recommended NPI. Few peer-reviewed reports have been published on in-flight transmission 
of communicable illnesses, including COVID-19. As of September 30, 2020, there were 13 peer-
reviewed case studies available for analysis that focused on COVID-19 transmission and 
exposure mitigation on aircraft. Of these studies, eight were commercial flights and five were 
evacuation or repatriation flights. Section 2.0 provides a critical account of each case study, 
including type of flight, number of passengers, number of potential cases, and transmission 
mitigation procedures reportedly in use. 
 
After detailed analysis of these reports, it is the view of APHI that there have been a very 
low number of infections that could be attributed to exposure on aircraft during travel. 
Also, had transmission mitigation procedures, i.e., maintaining appropriate physical 
distancing prior to travel and use of face masks throughout the trip, been used consistently 
on these flights a further reduced probability of transmission of COVID-19 during the 
flights would be anticipated. When masks were used by crewmembers (Yang et al., 2020), 
no transmission to crew was found. A significant finding from the evaluation of the 
evacuation flight procedures was that there was no COVID-19 infection among any of the 
air medical crews, despite the exposure to numerous positive cases. The lack of 
transmission to air medical crews indicates the effectiveness of the layering approach to 
reduce the risk of COVID-19 transmission. 
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warning to passengers who refuse to follow airline public health safety rules, such as properly 
wearing masks. After reaching the limit of successive warnings, most major airlines make it clear 
to the public that offenders will be placed on a no-fly list. It is noteworthy that while each airline 
developed its own protocols, there is overall uniformity in how the airlines address risk reduction 
for passengers and crew. 
 
The airlines have issued hundreds of no-fly determinations during the COVID-19 crisis. After 
the limit of successive warnings have been issued, passengers may receive a yellow slip on board 
or a notification after the flight to signify this designation. In order to avoid in-air conflict, 
crewmembers may also gently request onboard compliance. If it is not given, notification of 
service denial occurs only after the flight is completed. The vast majority of passengers and crew 
conform to mandated protocols. In the most egregious situations, pilots have interrupted a flight 
and landed in order to discharge a defiant passenger. Though notification procedures vary, the 
airlines are uniformly unwavering in their stance about compliance. It is a powerful motivator to 
achieve passenger behavioral compliance, and it is essential for achieving consistent public 
health-protecting behaviors during flight. 
 
In addition to the face mask policies, most airlines require a health attestation prior to boarding. 
The enforcement policies extend to compliance with physical distancing in the gate area prior to 
boarding, and include aircraft boarding and deplaning procedures. The airlines vary on their load 
factors, with some though not all keeping the middle seat on larger aircraft or the aisle seat on 
smaller aircraft unoccupied. All airlines have policies that address concerns about crowding on 
aircrafts, in some cases allowing passengers to rebook flights when they learn that their booked 
flight is at more than 70% capacity. 

Safety as a Signal for Potential Fliers 

The combination of mandate and strict enforcement will likely be required for the course of the 
COVID-19 public health crisis. Should fast and definitive pre-boarding viral testing become 
available, this may change such requirements. Passengers routinely comply with requirements 
for security screening, seat belt use, and other safety protocols. However, in the U.S. behaviors 
relating to wearing face masks and/or physical distancing during the pandemic have assumed a 
level of symbolic significance, translating nonconformity into a statement on politics or 
injustices, contrary to the science-based recommendations.  
 
For prospective passengers, confidence in their safety from COVID-19 is a key factor in their 
decision to fly (Lamb et al., 2020). This involves the universal adoption of face masks and 
enforcement of face mask policies, along with other risk-reducing procedures (Graham et al., 
2020). These interventions support public health safety, and trust in their enforcement has 
become equivalent to trust in the airworthiness of the plane and security from a terrorist threat. 
As with any activity, such as driving, playing sports, or lifestyle choices, there are risks. 
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with mild to moderate disease (Wolfel et al., 2020; He et al., 2020; Zhou et al., 2020), and can be 
much longer in patients with severe COVID-19 disease (Pan et al., 2020). One case study 
reported that infectivity of asymptomatic people may be weak (Gao et al., 2020), while another 
reported that infectiousness may last for as long as 21 days in asymptomatic individuals (Hu et 
al., 2020). Approximately 40-45% of SARS-COV-2 infections are considered asymptomatic 
(Oran et al., 2020), although it has been reported that mild or asymptomatic cases could be as 
high as 80% (WHO, 2020c). This is an important consideration for the aviation industry, as 
asymptomatic and pre-symptomatic passengers and/or crew could board aircraft and pose a risk. 
For this reason, strict enforcement of face mask policies are critical, since such cases cannot be 
identified. 
 
2.4 CRITICAL REVIEW OF POSSIBLE TRANSMISSION ON AIRCRAFT 

Although the CDC has stated that “the risk of getting a contagious disease on an airplane is 
low”, they have developed specific protocols to contact and investigate travelers who may have 
been exposed to a passenger harboring a contagious disease on a flight (CDC, 2019). The CDC 
document states that the major contacts of concern are within two rows of the “Index patient 
(case)” and specifies that “Identifying contacts is based on the disease, how it spreads, and 
where a passenger was seated in relation to the index patient.” It recommends contact tracing 
for those individuals seated two rows in front and two rows behind the index case for highly 
contagious infectious diseases, such as measles and tuberculosis that have recognized airborne or 
droplet transmission vectors. 
 
Airline travel presents many unique environments and opportunities to come into close contact 
with possible infectious people and materials. The chance for infectious contact can occur in 
many locations during a trip, such as in the general population at the origin or destination city, 
during transit to the airport, in the terminal, at an amenity destination or at the gate, besides being 
on an aircraft. Specifically, when onboard an aircraft, which is the focus of this Report, there are 
several physical factors such as very high air exchange rates, limited mobility in cabins and cabin 
crews that are trained in management processes to identify and segregate ill passengers, that are 
particular to air travel and likely help to mitigate potential exposure. During 2020, the aviation 
industry and the government in the United States have engaged in discussions to introduce 
contact-tracing systems when a case is identified on board a flight. At the time of writing, these 
proposed policies and practices have not been implemented. 
 
2.4.1 Summary of Case Studies 

Few reports have been published on in-flight transmission of communicable illnesses, 
including COVID-19. Indeed, a transmission event is a trigger for development of an academic 
paper; as such, non-transmissions are likely under-represented in the literature. As of  
September 28, 2020, there were 13 peer-reviewed case studies, describing 12 flights (two authors 
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Based on the available scientific evidence, it is the view of APHI that there have been a very 
low number of infections that could be attributed to exposure on aircraft during travel. 
Also, had transmission mitigation procedures, i.e., maintaining appropriate physical 
distancing prior to travel and use of face masks throughout the trip, been used consistently 
on these flights, a further reduced probability of transmission of COVID-19 during the 
flights would be anticipated.   
 
The use of masks is an important consideration when drawing conclusions from these studies. 
The case study with the highest estimated COVID-19 transmission rate (7%) reported that masks 
were not mandatory during the flight (Khanh et al., 2020). The cases that had the next highest 
COVID-19 transmission rate (up to 2%) either did not provide masks, or provided masks to 
passengers on the plane instead of prior to boarding; this posed a risk of transmission among 
passengers during the check-in and boarding process (Hoehl et al., 2020). Other studies that 
described the use of masks reported a transmission rate of less than 1%. When masks were 
employed on commercial flights by infectious cases (Ng et al., 2020; Nir-Paz et al., 2020; 
Schwartz et al., 2020) close contacts on the aircraft remained uninfected. (Note: The son of one 
patient in the Ng et al. 2020 study tested positive on quarantine day 3, possibly indicating 
transfer on the aircraft or possibly exposure prior to boarding.) When masks were used by 
crewmembers (Yang et al., 2020), no transmission to crew was found. 
 
The next most common reported transmission mitigation strategy was the use of temperature 
checks and/or medical screening of passengers prior to boarding the flight. The practice of 
temperature checking as a pre-boarding screening method has come into question, simply 
because presymptomatic positive cases may not be exhibiting a fever even though they are 
infectious. It can be effective at identifying symptomatic individuals so that they might be 
isolated and prevented from exposing passengers in the terminal or on the flight, though its 
limitations must be acknowledged. Without quick and reliable pre-boarding viral testing, it will 
be difficult to distinguish a COVID-19 symptomatic passenger from a passenger experiencing 
another respiratory illness. Temperature screenings and symptom self-declarations have 
limitations and can still result in the boarding of symptomatic passengers; therefore, these 
approaches should not be relied upon as the only implemented transmission mitigation strategy.  
 
The only studies that reported implementing social distancing outside the flight, for example at 
check-in and during onboarding, were evacuation flights. Similarly, case studies on evacuation 
or repatriation flights were the only ones that reported the use of barriers on the plane to 
segregate patients; enhanced ventilation on the plane was also noted with cabin ventilation 
remaining on at all times, including while on the ground and at the gate (Cornelius et al., 2020), 
and specific decontamination procedures during the flight were also reported. One study 
described using nearly all the transmission mitigation strategies listed in Table 2.1. This study 
summarized multiple flights that resulted in the repatriation of over 2,000 individuals flown on 
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39 flights, all of whom were either COVID-19 positive, persons under investigation (PUI), or 
individuals who were asymptomatic. These evacuation flights all employed a layered approach 
to risk mitigation, implementing multiple levels of transmission mitigation strategies. A 
significant finding from the evaluation of these evacuation flight procedures was that there 
was no COVID-19 infection among any of the air medical crews, despite the exposure to 
numerous positive cases. The lack of transmission to air medical crews supports the 
effectiveness of the layering approach to reduce the risk of COVID-19 transmission. 
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2.4.2 Summary of Past Transmission of Diseases Attributed To Air Travel  

Given the volume of commercial flights daily, carrying millions of passengers and crew 
worldwide, the number of documented incidents of infectious disease transmission occurring 
on board an aircraft remains infrequent. Outbreaks of respiratory diseases associated with air 
travel have however been reported, such as severe acute respiratory syndrome (SARS), measles, 
tuberculosis, and influenza (Olsen et al., 2003; Lei, 2018; Amler et al., 1982; CDC, 1983; CDC, 
2004; Mangili & Gendreau, 2005; de Barros et al., 2006). Generally, these diseases are transmitted 
via aerosols (e.g., measles, tuberculosis) or via multiple routes (e.g., influenza). Each disease 
differs in the susceptibility of non-infected persons and the degree of infectiousness of the virus 
concerned. These cases however did not involve use of protective measures, such as wearing a face 
mask, now being employed. Furthermore, most of these appear to have occurred on aircraft that 
were likely in-service before 1990 when HEPA filters became standard equipment on most 
commercial aircraft. Regardless, useful information relevant to the COVID-19 pandemic can be 
gleaned from such accounts.   
 
While there are occurrences of transmissibility that could inform the current crisis, SARS is the 
most closely related disease to COVID-19. In a SARS-related investigation, passengers and crew 
on three flights that included an infected person were interviewed. On one flight with a pre-
symptomatic SARS case, no infection was documented among the passengers (Olsen et al., 2003). 
Another flight carried four SARS symptomatic people, with reported potential transmission to one 
passenger (Olsen et al., 2003). A flight with one symptomatic passenger confirmed SARS 
infections in 16 persons, two others were diagnosed as probable SARS, and four were reported to 
have SARS but could not be interviewed (Olsen et al., 2003). Illness in passengers was related to 
physical proximity to the index (i.e., infected) patient, with illness reported in eight of the 23 
persons seated in the three rows in front of the index patient; this compared with 10 of the 88 
persons seated elsewhere. Based on the locations of the secondary cases, the report suggested that 
airborne transmission had occurred (Olsen et al., 2003).   
 
Lei et al. (2018) conducted a meta-analysis of 10 studies with possible influenza outbreaks on 
aircraft. The analysis showed that the risk of acquiring influenza was greater for passengers within 
two rows of the infected person; the risk was greater the longer the duration of the flight and the 
total infectivity of the index cases (Lei et al., 2018). 
 
Measles is transmitted via aerosols and is highly infectious (CDC, 2018). However, measles 
transmission onboard aircrafts is believed to be uncommon (Amornkul et al., 2004; Mangili & 
Gendreau, 2005), with few case studies describing measles transmission during commercial air 
travel (Amler et al., 1982; CDC, 1983; CDC, 2004; Mangili & Gendreau, 2005; de Barros et al., 
2006). In one of the most recent cases, an infectious individual traveled on six flights (one 
international flight arriving in Brazil and five local flights within Brazil) over a short period of 
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time while infected, and the investigation identified just six confirmed cases (de Barros et al., 
2006).  
 
Several studies about the in-flight transmission of tuberculosis have been reported, with most 
undertaken in the mid-1990s (MacFarland, 1993; Driver, 1994; CDC, 1995; Kenyon, 1996; WHO, 
1998; Wang, 2000). Of these six investigations, two revealed a probable link to onboard 
transmission. In one case (Kenyon et al., 1996), four of 15 fellow passengers seated within two 
rows of the index passenger had a positive tuberculin skin test conversion. Overall, transmission of 
tuberculosis onboard aircraft is a rare event, most likely to happen to those in close proximity to 
the infectious passenger (within two rows) and/or exposed over a long time (greater than eight 
hours).  
 
Based on the investigations of outbreaks of other respiratory diseases on aircraft, it appears 
that transmission on aircraft is relatively infrequent. Where transmission does occur, those 
close to the infectious passenger are at a higher risk than those seated at some distance. Depending 
on the transmissibility of the particular disease agent, determining how transmission occurs on 
aircraft (e.g., aerosol, direct contact, fomite) can be difficult. For example, did the transmission 
occur prior to boarding, during the use of a public lavatory or on the flight? In none of the 
published cases of respiratory disease transmission on aircraft did the authors indicate that the 
reference case(s) or the passengers were wearing protective face masks, as they must do on U.S. 
airlines today. 
 
In many of the case reports, the difficulty of contact tracing due to lack of contact information was 
noted. Therefore, it would be beneficial to improve contact information to be able to respond more 
efficiently to a disease outbreak (Sevilla, 2018).  
 
2.4.3 Potential Transmission of SARS-Cov-2 on a Flight from Singapore to Hangzhou, China: An 

Epidemiological Investigation (Chen et al., 2020) 

An outbreak of COVID-19 among 324 passengers accompanied by 11 crew on a 5-hour flight 
from Changi Airport, Singapore to Hangzhou, China on January 24, 2020, was investigated (Chen 
et al., 2020). Though the flight originated in Singapore, it was strictly managed upon arrival in 
Hangzhou because approximately 100 passengers had departed from Wuhan to Singapore on a 
flight on January 19, 2020.  
 
On the flight, face coverings were not required. No Personal Protective Equipment (PPE) was 
provided to the passengers and no barriers were erected on the plane. The flight operated at 89% 
seating capacity; the middle seat was not left unoccupied. The Boeing 787-9 aircraft was equipped 
with standard air handling systems. 
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Upon arrival in Hangzhou, passengers’ temperatures were taken before deplaning. All passengers 
were required to follow medical isolation and observation protocols for at least 14 days. During 
this time, passengers were asked to take their temperature twice daily and report any upper 
respiratory symptoms. Crewmembers (n=11), all Singaporean, returned to Singapore on January 
26, 2020, and were not part of this investigation.  
 
All infected passengers from the January 24, 2020, flight to Hangzhou were also on the  
January 19, 2020, flight to Singapore. Three cases reported symptoms before the January 24, 2020, 
flight: two on January 23, 2020, and one on the day of the flight. On January 26, 2020, all 
passengers were tested for SARS-CoV-2 by RT-PCR; eight passengers tested positive, six of 
whom reported symptoms and two of whom were asymptomatic. On January 31, 2020, one 
passenger reported symptoms and on February 2, 2020, an additional two passengers reported 
symptoms. All passengers were tested again for SARS-CoV-2 by RT-PCR and no additional cases 
were identified by February 6, 2020. On February 8, 2020, all passengers not originating from 
Wuhan were released and the rest were released on February 15, 2020. 
 
All the cases belonged to tour groups while in Singapore, denoted as Tour Groups A, B, C and D. 
There were 15 members of Tour Group A and 12 of them were confirmed SARS-CoV-2 positive. 
Therefore, investigators in this study attributed all infections among Tour Group A to activities 
amongst the tour group members prior to the flight. Three other cases, one from Tour Group B and 
two from Tour Group C (all asymptomatic) were identified by RT-PCR on  
January 26, 2020. As such, investigators ruled out transmission during the flight given the 
incubation time of COVID-19 being inconsistent with that timeline. Investigators concluded there 
was only evidence that one case, identified on February 2, 2020 and part of Tour Group D, was 
attributable to transmission during the flight. They reasoned that this case was consistent with the 
incubation time expected for COVID-19, was the only member of the tour group to become 
infected and was the only one not to have been on the January 19, 2020, flight from Wuhan to 
Singapore. This case reported that he removed his mask to eat and drink during the flight and that 
when he spoke, he had not worn the mask “tightly” and had his nose exposed. This actually 
implies that the true attack rate was 0.3%. 
 
2.4.4 Asymptomatic Transmission of SARS-CoV-2 on Evacuation Flight (Bae et al., 2020) 

A cohort study of passengers on an evacuation flight from Milan, Italy to South Korea on  
March 31, 2020, was evaluated (Bae et al., 2020). Prior to the flight, medical staff performed 
physical examinations, medical interviews, and temperature checks on 310 planned passengers; 11 
were subsequently excluded from the flight. The investigation followed 299 passengers who 
boarded the 11-hour flight. During pre-boarding, passengers were kept 2 meters (6.56-feet) apart 
and were provided with N95 respirators. During the flight, most passengers wore the N95s the 
entire time, except for mealtimes and restroom use, though they were not required to do so. No 
other PPE was provided. Physical barriers were not in place during the flight and middle seats 
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All nine airlines prohibited masks with holes, vents, valves, openings, or made from mesh 
materials. In addition, face shields cannot be worn without wearing a mask underneath. One airline 
updated their policy to prohibit powered air purifying respirators (PAPRs) or breathing apparatus 
that enclose the face or the head. For passengers without a mask or with a non-compliant mask, all 
nine airlines provide one. Airlines have surgical-style or disposable masks available for 
crewmembers and passengers. A few airlines have branded masks or face shields available for 
crew or are considering offering face shields to their flight crew. 
 

“…we've restricted face mask types to either the surgical mask or to the cotton mask 
that would be worn, not N95 mask, and not a gaitor or a neck gaitor or a bandana… not 
a valve mask either.” (Airline #3) 

 
All nine airlines deny boarding to passengers without a mask and have a process to handle non-
compliance during a flight. Flight attendants and pilots remind people to wear their masks, and 
issue warnings to non-compliant passengers. The warning process varies among the airlines, albeit 
most provide three warnings, verbal and written; a final warning is issued before filing a report or 
instituting a flight ban. Such no-fly bans remain in place for a defined period, which can be a year, 
for the duration of the passenger’s passport, or until the airline’s mask policy subsides; the latter is 
the most common ban among the airlines examined. Only one airline indicated that non-
compliance could lead to a permanent no-fly ban on the airline. Overall, the airlines reported 
having good compliance, but on average, an airline may handle up to 15 reports per day where 
passengers had not complied but have fewer than 65 people listed on a no-fly ban. 
 

“What we have done though is ensure that we are enforcing the mask policy. So 
essentially we have a three strikes or you are out, so we tell you about it before you get 
on board the aircraft, once you do get on, we reiterate it from both the captain and 
attendants, and if you take it off during flight, you can only do that if you're eating or 
drinking…” (Airline #3) 
 
“For in flight, we've actually adopted a three strike policy. … at the third time they 
actually provide them this face mask policy enforcement card… if there is no further 
compliance from the passenger then the flight attendant brings up an in-flight incident 
report and reviews the situation … we have been basically suspending travel …for a 
period of a year.” (Airline #6) 

 
The only time a passenger onboard is permitted to remove their mask briefly is while eating and/or 
drinking. Most airlines have limited the beverage and snack service on board, and/or have 
suspended it altogether on shorter flights, and/or suspended offering food for purchase. Some 
airlines only offer or sell bottled water or have available a pre-sealed snack bag for customers, 
which can be self-served or provided upon request. One airline has straws available upon request. 
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“… we're trying to get our customers to stay seated when they're deplaning … getting 
them to deplane a little bit more slowly, … it's something we're going to have to work on 
how do we get that behavior to change (Airline #1) 
 
“… additional information for our customers, whether it be on a seat back TV screens, 
for example, so upon landing it will it queue up a brief commercial or a brief kind of 
reminder for the deplaning processes, ‘Please remain seated until the front row in front 
of you deplanes’.” (Airline #7) 

 
The lower load factors airlines are experiencing have helped to maintain physical distancing in the 
cabin, as well as while boarding and deplaning. Three of the airlines continue to block the middle 
seat to provide more spacing between travelers. For capacity control on seating, one airline caps 
non-revenue flying and stand-by boarding while another offers to rebook passengers where a flight 
has a 70% loading factor. Several airlines do not block the middle seat and noted that there is no 
evidence currently on how blocking seats might help to reduce COVID-19 infections. In order to 
attract customers and reinstate trust, all nine airlines have loosened the flight change policies, most 
have eliminated fees altogether, and a couple have eliminated change fees permanently. 
 
2.5.4 Aircraft Cleaning and Disinfection 

The airlines’ disinfection processes have changed significantly in order to reduce any 
contaminated surfaces or fomites inside the cabin. All airlines have added additional cleaning, 
prioritizing between flights highly touched areas, and adding additional disinfection overnight or 
when there is enough time between flights or “turns.” Between turns, most disinfection activities 
require wiping down the high touch areas, lavatories, and galleys. Deeper cleaning is done mostly 
overnight and often includes use of electrostatic spraying (see Section 9.2.1).  
 
Seven of the airlines have implemented electrostatic spraying of disinfectants, which should reach 
most areas inside the cabin. Some airlines perform electrostatic spraying at least once per day, or 
between flights, when having at least two to six hours or more. The other two airlines are not 
undertaking electrostatic spraying and have instead implemented use of fogging disinfectants 
overnight or once a week. In addition to antiviral spraying, three airlines have incorporated 
antimicrobial spraying, ranging from a weekly application to once a month. In order to carry out 
these extensive cleaning protocols, almost all airlines have included additional cleaning training. 

 
“… before onboard the aircraft, we do go through an extensive cleaning process … we've 
done really two significant enhancements. One, … we've increased just the number of 
touch points on the aircraft. … The other … has been the electrostatic spraying, which I 
think there's been a lot about that in the media....” (Airline #3) 
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 “we're looking at thermal, heating aircraft to a certain temperature... waiting for their 
studies to come out because there's a lot of things that need to happen to heat up to a 
certain temperature and sustain that.” (Airline #6) 

 
2.5.5 Healthy Air in the Cabin: Ventilation During Different Stages 

An aircraft cabin has inherently a high airflow volume and high-quality air filtration during 
cruising, which are managed through the environmental control system (ECS) that also controls 
the temperature and cabin pressurization. All nine airlines mentioned having high air exchange 
rates of approximately every 2 to 3 minutes (20 to 30 ACH) while cruising, a rate that is similar to, 
or even higher than the recommended air exchange rates for an operating room in a hospital. 
 

“…we've accomplished a fair amount of work on understanding onboard air quality, 
being so important to our customers….”  (Airline #3) 

 
 
The ECS air supply when flying is bleed air, or air that is compressed and sent to the air 
conditioning units, known as A/C packs. The ECS has been designed to recirculate some of the air 
inside the cabin. Air recirculation happens mostly when cruising, where about 40% to 50% of the 
cabin air is recirculated and filtered through a high-efficiency particulate air filter, also known as a 
HEPA filter. All the airlines interviewed have aircraft that are equipped with HEPA filters, and one 
of the airlines has increased the replacement frequency of their HEPA filters. 

 
“For the most part, onboard air is composed of approximately 50% fresh air from the 
engine-driven pneumatic system and 50% recycled air, the recycled air goes through 
every circulation system through HEPA filters. We began by increasing the frequency by 
which we maintained and replace the HEPA filters.” (Airline #3) 

 
Once an aircraft is on the ground, the source of air supply can come from various sources, it is then 
mixed and distributed to the cabin. One source is through the airplane auxiliary power unit (APU) 
with the engine in operation, which consumes fuel and can generate noise and emissions at the 
airport. The air supply may also come from airport ground sources (jet-bridge or cart), known as 
pre-conditioned air (PCA) that supplies the cabin with fresh air, usually outside air, but at a more 
reduced flow. Whether the airline owns or controls the ground-based systems varies by airport. In 
many cases, the air that is being supplied by jet-bridge or cart, is managed by the airport. One of 
the airlines has been conducting air quality studies in their fleet and at different flight stages, to 
understand when the risk of SARS-CoV-2 might be higher inside the cabin. 
 

“We then began sampling onboard air at the various stages of flight from the boarding 
process to …, push back, taxi out, climb, cruise, descent, landing, ride, and deplaning… 
as a proxy for clean air we only measured particles, fine particles 0.3 to 25 microns in 
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Figure 2.3 Example of a Jet-bridge Mounted PCA Unit and Yellow Hose Supplying Air to the Aircraft Parked at the Gate (Source: 
Munich Airport, retrieved from https://www.munich-airport.com/a-fresh-breeze-thanks-to-pca-1229006#) 

 
One of the airlines noted that the ground pre-conditioned air is not recirculated, so it is 100% fresh 
air from outside the aircraft that comes into the cabin. Another airline mentioned that when 
running the APU, the air has a recirculated percentage, as it is outside air that is initially 
compressed at high temperatures. It is then passed thorough the A/C packs in the ECS to be cooled 
down, is unfiltered as it enters the cabin, then a certain percentage of cabin air is recirculated and 
passed through the HEPA filtration, while the rest is vented. 
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4.0 VENTILATION REQUIREMENTS ASSOCIATED WITH AIRCRAFT 

The airline cabin is a unique setting given its rigorous requirements for maintaining critical control 
of its environment and the compact seating arrangements in passenger aircraft. Ventilation, 
essential in all enclosed spaces for basic respiratory needs, also supports thermal comfort and 
dilutes and removes gaseous and particulate contaminants from breathing zones. The aircraft 
Environmental Control System (ECS) is designed to meet these needs and must be able to operate 
in extremes of temperature, ambient air quality, and air pressure.  
 
Travelers and crewmembers have long expressed potential concerns regarding the air quality 
inside commercial aircraft cabins (NRC, 1986; NRC, 2002). However, much of that concern is 
likely due to not having a clear understanding of the way aircraft ventilation systems operate. The 
cabin environment must be safe and comfortable for occupants, given extreme external 
environmental conditions. Pressurizing the cabin to meet the metabolic requirements of passengers 
and crew, means that ventilation must be sufficient to dilute contaminants and odors as well as 
dissipate the heat emanating from people, entertainment systems, galleys and avionics. Specific 
industry guidance, Federal Aviation Regulations and international regulations are in place to help 
ensure acceptable conditions of cabin safety, air quality and thermal comfort are always 
maintained inside the aircraft. This includes the need to provide adequate control of potential 
airborne transmission of infectious diseases, including SARS-CoV-2 virus within the aircraft 
environment. 
 
The current pandemic demands a critical evaluation of the interaction of the ventilation 
system components and their performance through the different phases of air travel, from 
boarding the aircraft to deplaning upon arrival. Since individual airlines are not required to 
audit actual ventilation performance it is strongly recommended that airlines adopt 
voluntary programs to ensure OEM recommendations are being met during all phases of 
travel. 
 
The aircraft ECS is different from ventilation systems used in most other settings, such as typical 
buildings and road vehicles, in that it is absolutely essential in enabling the aircraft to operate in 
the extremes of outside air temperature, ambient air quality, and air pressure encountered while 
flying. Given the rigorous operating specifications, the ECS can be optimized to reduce the 
potential risk of exposure to airborne viruses; this analysis is discussed in Section 10.0. The 
description given here largely apply to narrow body and wide body commercial transport aircraft 
of recent design; older regional jets or turboprops will not incorporate all these ventilation systems. 
 
The aircraft components include the onboard ECS powered by engines or the auxiliary power unit 
(APU). When the plane is at the gate, a ground air supply system may be used to provide 
conditioned air to the cabin. While aircraft systems are generally similar across airplane models 
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and manufacturers there are a variety of ground preconditioned air units (PCAs). Both the onboard 
and ground systems have variable settings of airflow rates and thermal conditions. Operating 
parameters for the ECS, APU, and PCAs are determined by air carriers, with PCA settings 
(flow/pressure) in practice set for the type of aircraft. 
 
The following sections discuss the various elements of ventilation on the “Gate-to-Gate” journey 
and evaluates how they may affect potential risk of infection. 
 
4.1 AIRCRAFT VENTILATION SYSTEM AND VENTILATION RATES 

Ventilation standards for the aircraft cabin vary by country, following the regulations and 
guidelines of the corresponding international and national aviation authorities. In the USA, the 
minimum ventilation rates in an aircraft cabin is mandated by FAA regulations, while the ANSI/ 
ASHRAE Standard 161-2018 (ANSI/ASHRAE, 2018) guidance defines the requirements for air 
quality in the aircraft and specifies methods for measurement and testing. The FAA established 
FARs to guide the operation of commercial airliners. FAR 14 CFR 25.831 states that “the cabin 
ventilation system must provide at least 0.55 lb. (0.25 kg) of fresh air for each passenger per 
minute”. This is equivalent to 4.7 L/s/p at 8000-feet and a cabin temperature of 22°C (72°F). The 
NRC report (NRC, 1986) states, “This ventilation rate is also specified by the joint design 
regulation FAR/JAR Part 25 for crewmembers to perform their duties without undue discomfort or 
fatigue and to provide reasonable passenger comfort.” The ASHRAE standard specifies 
ventilation requirements for maintenance of air quality within commercial aircraft.  
 
As detailed in Table 4.1, ventilation requirements can vary based on whether an aircraft is in flight 
or on the ground. As such, it does not discriminate between specific activities that may be 
occurring at various times i.e., boarding, deplaning, and when seated. With these regulations and 
standards, the cabin is supplied with outside air and highly filtered “clean air” providing air 
exchange rates significantly in excess to those found in well-ventilated offices and retail spaces 
(see Table 4.2). The high air exchange rates utilized in aircraft ventilation systems mean that 
any contaminant introduced into the cabin should be flushed out much faster than would 
occur in other types of spaces, i.e., in the order of two to five minutes. 
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The HEPA filters remove, at a minimum, 99.97% of the particulate matter from the return 
air. This high level of filtration ensures that the air supplied to the cabin is virtually free of 
particulate matter, including bacteria and viruses. 
 
4.2 AIR DISTRIBUTION AND CIRCULATION – ENGINES ON AND ECS OPERATING 

The air supplied to the cabin to dilute occupant generated gaseous and particulate emissions is a 
mixture of outside air, and HEPA-filtered recirculated air set to remove particles and aerosols of 
all sizes with efficiencies greater than 99.97%.  
 

 
Figure 4.1 Typical Cabin Air Distribution System (NRC, 2002) 

 
As shown in Figure 4.1, a common architecture exists for delivering outside air and filtered 
recirculated air, extracted air from the galley, lavatories, and cabin. Typically, air is supplied and 
exhausted relatively equally through air inlets distributed along the cabin to avoid overheating or 
overcooling at any specific location. Personal Airflow Outlets (PAOs) or “gaspers”, common for 
short-haul rather than long-haul aircraft, and while not the main source of air allow limited and 
fine tuning of air to an occupant’s breathing zone. Although the air mixes locally in the cabin, the 
air supply and air exhaust flow rates are generally well matched along the length of the cabin to 
minimize net flows along the length of the aircraft. Distribution of the air to the cabin can occur 
through diffusers located in the center of the ceiling in the aisles, above the windows, or along the 
overhead baggage compartments. Wide-body aircraft will use multiple ceiling diffusers across the 
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typically correspond to a MERV 6 rating that have no reliable efficacy for removing 1 um 
particles. The filtration of smaller particles increases as the MERV value increases. 
 
Aircraft meeting current ventilation standards with 50% recirculation HEPA-filtered air 
will supply passengers with a clean air delivery rate of 19 cfm/person, which is essentially 
free of any virus particles. This far exceeds the ventilation rate in a typical naturally ventilated 
home of 1,000 ft2 occupied by four persons without mechanical ventilation (8 cfm/person), where 
the only source of clean dilution air is the outdoor air. In the grocery store and office with no 
filtration, the only way to dilute virus concentrations in the space is to introduce outdoor air via 
mechanical systems. As the filtration efficiency increases the percentage of the smaller particles, 
including viruses, are removed by the systems’ recirculated air increases. Another way to look at 
this is, as the filtration efficiency of recirculated air is increased, the clean air delivery rate will be 
increased proportionally. The amount of clean air per person is equivalent to the amount of 
outdoor air per person and the filtration efficiency times the flow of recirculated air per person. In 
equation form: 
 

Clean Air (cfm/person) = OA cfm/person + Filter Eff * Recirculated cfm/person 
 
For example, in an office, increasing the filtration from MERV 6A to MERV 11A will increase 
filtration efficiency from 0 to 62% for 1 µm particles. With a total supply airflow rate of  
1 cfm/ft2 in 1,000 ft2 of space, with the ASHRAE design recommendations of 17 cfm of outdoor 
air per person, and an occupancy of five persons per 1,000 ft2 of office space, 85 cfm of outdoor 
air is delivered, with the remaining 915 cfm of air recirculating through the system. Increasing the 
filtration efficiency of the recirculation air to 62% results in an additional 567 cfm of clean air for 
five persons (or 113 cfm/person) for a total of 130 cfm/person. 
 
Table 4.3 shows the comparison of clean air delivery expressed in terms of rate of clean air 
delivery per person, air exchange rates for the volume of the occupied space (air changes per 
hour), as well as the average age of air for control of potentially infectious particles. It is presented 
for code compliant conditions and evaluates the effect of using enhanced particulate filtration in 
the different environments. Note that as filtration efficiency is increased in various environments, 
as is being currently recommended to reduce the impact of the pandemic, the Clean Air ACH 
increases and the Average Age of Air decreases.   
 
These values permit comparison of ventilation rates of different environments in which people 
commonly find themselves. These environments are further compared by increasing the air 
exchange rates accomplished by improving the filtration efficiency. When the pollutant generation 
rate is relatively uniformly distributed among occupants over time, such as individually generated 
bio effluents (CO2, body odors, etc.), they will be best controlled by increasing the outdoor air 
delivery rate per person. If the source were related to relatively rare, periodic/occasional emissions, 
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such as one or two individual passengers shedding viruses during a cough or sneeze, then the air 
exchange rate of total air and the age of air would be more relevant since these terms will better 
reflect the length of time other passengers could be potentially exposed to infectious aerosols.  
 
The aircraft environment, when meeting current ventilation standards, with 50% recirculation of 
HEPA-filtered air, supplies a much higher delivery rate of clean air than any other commonly 
encountered environment. In fact, the aircraft air exchange rate significantly exceeds all normally 
encountered environments. When infectious particles are released in a typical, code compliant 
ventilated building and the aerosol has much more volume in which to disperse than that found on 
an aircraft, mitigating much of the exposure potential.  
 
This analysis shows that aircraft will have a significantly lower age of air, resulting in a very 
short residence time for particles, and possibility of exposure to infectious particles than any 
other commonly encountered environment, which will help offset the counteracting effect of 
being in a smaller volume and in closer proximity to other passengers.  
 
For episodic releases, such as from a cough or a sneeze, the very high air exchange rates in 
aircraft cabins assume that contaminants released in such events are fully flushed from the 
cabin in as little as two to five minutes, as opposed to some six hours in a commercial or 
retail space complying with current codes and standards where these particles will be mixed 
into the large volume of the space.  
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11.0 CONCLUDING REMARKS 

The Harvard T.H. Chan School of Public Health Aviation Public Health Initiative (APHI) 
developed this Phase 1 report. The multi-disciplinary academic scientific and technical team were 
informed by regular dialogue with a consortium of airline operators, aviation industry 
manufacturers, airport operators, and independent experts at universities and private research 
organizations. The report is an independent research-led account of the COVID-19 crisis as it 
affects operations across the aviation industry. It presents the scientific evidence in support of 
adopting a non-pharmaceutical interventions (NPI) strategy using a layered approach to control the 
transmission of the novel coronavirus SAR-CoV-2 on board aircraft.  The report provides a series 
of recommendations for risk mitigation that can be adopted readily by airlines, airline passengers 
and crewmembers. This layered NPI approach, of wearing face masks, disinfection of surfaces 
and maintenance of appropriate ventilation gate-to-gate, will ensure the risk of SARS-CoV-2 
transmission onboard aircraft will be below that found in other routine activities during the 
pandemic, such as grocery shopping or eating out.    
 
The pandemic is a health crisis with profound economic impact, with efforts to control its spread 
exerting a devastating impact on business in general and, relevant here, to the aviation sector in 
particular. In the United States alone, airline capacity declined seven to 17 times more than during 
the 2008 global financial crisis (Boin et al. 2020). Many airports closed entirely, others shut one or 
more terminals and airlines suspended operations or cancelled a significant proportion of flights, 
with seat miles for US airlines down by 71% in April 2020 (Curley et al. 2020; Dalrymple et al. 
2020). To adapt to the COVID-19 crisis, airlines have closed and/or altered routes and frequency, 
with the number of seats offered by airlines in 2020 some 42-52% less than originally planned 
(ICAO, 2020). Most airlines furloughed or laid off staff. Recognizing the economic impact of the 
sector, governments were quick to announce bailout and stimulus packages, with US passenger 
airlines calling for US$50 billion to survive the crisis (Financial Times, 2020). Reopening and 
recovery will focus on ‘building back better’, using science and the best evidence available 
currently to design and implement risk mitigation strategies that reduce the risk of disease 
transmission. Adopted widely, the recommendations in this report build upon aviation’s central 
premise of safety. 
 
The charge to APHI was to capture the science of SARS-CoV-2, in a field that is fast moving with 
new information emerging globally every day. The team then considered this information in light 
of the unique defined indoor environment presented by an aircraft to understand how the virus and 
its transmission will be affected by the conditions experienced across the passenger journey. They 
went on to develop strategies to mitigate transmission in the confined space of an aircraft, taking 
due account of behavioral change needed by crewmembers and passengers to protect themselves 
and others nearby them.  
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This Phase 1 report address the Gate-to-Gate portion, with air travel segmented into the pre-
boarding, boarding, cruise and deplaning. The team’s balanced view took into account the rigor of 
scientific studies, published and in pre-print format, and informed original investigation 
undertaken by the team.  The recommendations also thought through the suitability of the NPI 
measures to routine and widespread adoption by the airlines and those traveling, including 
passengers and crewmembers.  The layered approach proposed is thus a unique combination of 
engineering and physical controls as well as hygiene and physical distancing as applied to air 
travel. 
 
Key findings from the report highlight the interactions of the different NPI layers to risk mitigation 
and include: 
 
• Compliance with face mask-wearing and the aircraft’s environmental control systems 

effectively diluting and removing pathogens significantly reduce the risk of passengers and 
crewmembers from acquiring COVID-19 during the cruise segment of their journey. 

• Mask compliance reduces the dispersion of larger droplets that may deposit on surfaces, while 
general airline cleaning practices and passengers sanitizing hard surfaces around their seats 
lowers the probability of contacting SARS-CoV-2 infected surfaces (which is already low to 
begin with). 

• Taken together, mask compliance, managed physical distancing and improved ventilation 
during boarding and deplaning, can effectively reduce the risk of potential transmission to the 
very low levels encountered during cruise conditions. 

• Requiring passengers to attest to the absence of COVID-19 symptomatology, mandating they 
comply with all the airline’s COVID-related procedures including physical distancing during 
boarding and deplaning provides some degree of protection (yet to be determined). The role of 
gate and flight crewmembers in assuring compliance will be essential and supported by 
airlines’ policies to hold passengers accountable. 

 
Implementing the layered risk mitigation strategies described in this report will help to ensure that 
air travel, with respect to SARS-CoV-2 transmission, is as safe as or substantially safer than the 
routine activities people undertake during these times. The potential effectiveness of any one NPI 
remains uncertain given that estimates of their effectiveness are based upon models. Thus, 
assessing the individual effects of any one intervention relative to the cumulative effect of 
concurrent use of multiple NPI must rely on application of the best available science at the time. 
Hence, the report recommends a layered NPI strategy so that additive and synergistic benefits can 
be harnessed to reduce the risk of disease transmission.  As more information becomes available 
with respect to the spread of SARS-CoV-2, various control measures will continue to evolve and 
their effectiveness will be quantified.  
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Two Major Airline CEOs Question the Need for Masks on Planes 
 
By Chris Isidore, CNN Business 
Updated 11:29 PM ET, Wed December 15, 2021 
 
New York (CNN Business)The CEOs of two of the nation's major airlines say they don't think wearing masks 
on planes does much to help limit exposure to Covid. 
 
The comments from American Airlines (AAL) CEO Doug Parker — the nation's largest carrier — and 
Southwest (LUV) CEO Gary Kelly came during a hearing about the financial support that airlines received 
from the federal government in 2020 and 2021. But the topic of masks arose via a question from Sen. 
Roger Wicker, the ranking Republican on the Senate committee holding the hearing. 
 
"I think the case is very strong that masks don't add much, if anything, in the air cabin environment. It is 
very safe and very high quality compared to any other indoor setting," said Kelly. 
 
Both Kelly and Parker, who each have announced plans to retire as CEOs in the coming months, mentioned 
that high-grade HEPA air filters on planes capture virtually all airborne contamination and air quality is 
helped by how frequently cabin air is exchanged with fresh air from outside the cabin. 
 
"I concur. An aircraft is the safest place you can be," said Parker. "It's true of all of our aircraft — they all 
have the same HEPA filters and air flow." 
 
After the hearing, American Airlines tried to walk back Parker's remarks. It issued a statement claiming 
that his concurrence with Kelly was on the point about the quality of the air in the aircraft cabin, not mask 
requirements. 
 
Sara Nelson, the president of the Association of Flight Attendants, testified at the hearing that not all 
aircraft are equipped with the same quality of air filters. For example, some older planes do not have 
HEPA filters, she said. 
 
The mask requirement is still a source of controversy. Much of the steep rise of in incidents involving 
unruly passengers over the last two years have revolved around passengers being ordered to wear masks. 
 
"I think that is probably for the medical community to decide rather than me," Nelson added. "What I will 
add is that the studies that have been done [on masks]....were done with mannequins that were sitting 
straight forward with masks on, not removing them, not eating." 
 
"It is important to recognize that the safe, controlled environment on planes...includes the HEPA filters 
that are not on all aircraft," she concluded. 
 
Masks on planes are required by the federal government, following the guidance of the Centers for 
Disease Control. The DOT did not immediately respond to a request for comment on the testimony. 
The remarks by Kelly and Parker were criticized by one committee member, Sen. Ed Markey, a 
Massachusetts Democrat. 

)The CEOs of two of the nation's major airlines say they don't think wearing masks
on planes does much to help limit exposure to Covid.

"I think the case is very strong that masks don't add much, if anything, in the air cabin environment. It is
very safe and very high quality compared to any other indoor setting," said Kelly.

The mask requirement is still a source of controversy. Much of the steep rise of in incidents involving 
unruly passengers over the last two years have revolved around passengers being ordered to wear masks.
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"I'm shocked that some of the CEOs here today have suggested we no longer need masks mandates on 
planes," he said. "In the face of Omicron, children under five who still cannot be vaccinated....and that we 
still allow unvaccinated people on planes." He said it was "immoral" to take the position that people on 
planes could be forced to sit next to unvaccinated people who are not wearing masks. 
 
Nelson, who Markey was questioning, agreed that while she hopes that one day masks will not be 
required, she does not support lifting the mask mandate at this time. 
 
"I believe that the government has taken a very responsible approach to this," she said. "We believe it 
should continue to stay in place. It's a workplace safety issue. We do need a consistent message though. 
It troubles me too to hear different messages. I would hope we are going to stay on the same messages 
and follow the medical experts and do what's necessary to keep everybody safe." 
Nelson said that the confidence in the safety of air travel is the reason people are willing to buy airline 
tickets in near pre-pandemic levels today. She said that the mask mandate is one of the factors leading to 
that confidence by airline passengers. 
 
 
 
https://www.cnn.com/2021/12/15/business/airline-ceos-question-masks-on-plane-rule/index.html 
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Hannah Sampson contributed to this report.
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Holiday flight cancellations hit new peak amid Covid, wintry weather 
 
By Gregory Wallace and Matt McFarland, CNN 
Updated 2:06 PM ET, Sat January 1, 2022 
 
Thousands of US flights were canceled on New Year's Day as a combination of Covid-19 and wintry 
weather have slowed travel. Flight cancellations have trended up steadily since Christmas Eve, hitting a 
new peak Saturday morning as millions travel over the holidays. 
Data from the website FlightAware shows more than 4,200 flights were canceled globally as of midday 
Saturday, or about 10% of the worldwide schedule. 
Airlines have already been dealing with the Omicron variant, which has brought an unprecedented spike 
in Covid cases. Many airline employees have been unable to work. The Federal Aviation Administration 
has also warned more of its own employees are testing positive, which may restrict flights. 
 
2022 is starting with a flurry of severe weather 
2022 is starting with a flurry of severe weather 
Now a new challenge is adding to travelers' woes: a large storm is sweeping across the Rockies and 
Midwest, bringing ice and heavy snow. Chicago has been especially hard hit. Airlines have canceled 
more than half of flights from Midway International Airport and more than 40% from O'Hare 
International Airport. Nearly a third of flights at Kansas City International Airport have been canceled. In 
Detroit, airlines canceled one in five flights. 
 
Delta Air Lines (DAL) told CNN Business it projects between 200 and 300 of its more than 4,000 daily 
flights will be canceled during the holiday weekend. It also recommended people traveling in Chicago, 
Detroit, Salt Lake City, Seattle and the central and southern Rocky Mountain regions consider shifting 
their travel plans given the weather. 
 
Southwest Airlines (LUV) told CNN Business all of its issues have been caused by weather. 
More than 11,000 flights have been canceled since Christmas Eve, according to FlightAware data. 

Thousands of US flights were canceled on New Year's Day f Covid-19 

Airlines have already been dealing with the Omicron variant, which has brought an unprecedented spike 
in Covid cases. Many airline employees have been unable to work.
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Tim Meads

…Kirby said about 200 employees were terminated because they failed to get the
COVID-19 vaccine, six of which were pilots, reported Reuters. Moreover, 80 pilots
who received a medical or religious exemption were put on unpaid leave.

The firings represent less than 1% of the company’s 67,000-employee workforce,
with most employees choosing to get the shot before the September 27 deadline. 

1-3-22
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The Daily Wire is one of America’s fastest-growing conservative media companies
and counter-cultural outlets for news, opinion, and entertainment. Get inside access
to The Daily Wire by becoming a member.



Cassandra Fairbanks

12-26-21

Plaintiff's Exhibit 79





The 3 reasons travel ground to a halt this Christmas 
 
By Jordan Valinsky, CNN Business 
Updated 11:09 AM ET, Mon December 27, 2021 
 
Over the Christmas weekend, flying was a miserable experience for millions of travelers, as airlines 
canceled or delayed thousands of flights. 
The problems continued Monday, with nearly 900 flights canceled within, into or out of the United 
States, according to FlightAware. More than 1,600 flights are delayed. 
The troubles come at the busiest time of year for air travel: The US Transportation Security 
Administration said it screened millions of people each day over the holiday weekend, peaking at 2.19 
million travelers on Thursday, December 23. Seven of the last 10 days have seen more than 2 million 
screenings. 
 
A nasty brew of issues has complicated air travel, including the rapid spread of the Omicron variant, the 
labor shortage and a surge in travelers crowding airports and the skies. 
 
Omicron variant 
 
Just when airlines thought they were on the verge of normalcy and profitability again, along came the 
Omicron variant to put those hopes in doubt. The variant has sparked a sharp uptick in cases -- New York 
broke a single-day record with 49,708 new Covid-19 cases reported on Christmas Eve. 
United Airlines (UAL)said last week it had to cancel hundreds of flights because it lacked enough crew 
members to safely fly all of its scheduled routes. 
"The nationwide spike in Omicron cases this week has had a direct impact on our flight crews and the 
people who run our operation," said a United memo obtained by CNN. 
Delta Air Lines (DAL) also said the cancellations are due to multiple issues including the Omicron variant. 
"We apologize to our customers for the delay in their holiday travel plans," Delta said in a statement. 
"Delta people are working hard to get them to where they need to be as quickly and as safely as possible 
on the next available flight." 
Airline travel is surging again 
Leisure travel is back to near pre-Covid levels. On Friday and Saturday, TSA screened about two-thirds of 
the passengers it did on those days in 2019 (when Christmas fell on a Wednesday). 
AAA recently estimated that more than 109 million Americans will travel over the long Christmas and 
New Year's week -- a number approaching the pre-pandemic record 119 million travelers of Christmas 
2019. 
Airlines are projected to carry 6.4 million of those passengers, AAA said. That's about triple the number 
from last year when the pandemic significantly curtailed holiday travel. 
The labor shortage 
Airlines were already having trouble finding enough crew to meet the surge in demand for travel. 
Omicron is making that labor shortage even worse. 
Staffing shortages are leading to overworked flight crews and most of the canceled flights. Less choice in 
flights has led to higher ticket prices. And altercations over masks have been the cherry on the top of a 
miserable year for travel. 
American Airlines (AAL) and Southwest (LUV) blamed service meltdowns in October and November on 
lacking enough pilots and flight attendants to adjust for weather-related cancellations. 

the rapid spread of the Omicron variant,

United Airlines (UAL)said last week it had to cancel hundreds of flights because it lacked enough crew 
members to safely fly all of its scheduled routes.
"The nationwide spike in Omicron cases this week has had a direct impact on our flight crews and the 
people who run our operation," said a United memo obtained by CNN.
Delta Air Lines (DAL) also said the cancellations are due to multiple issues including the Omicron variant.

altercations over masks have been the cherry on the top of a
miserable year for travel.
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Officials with various airline unions say that their members are stressed to the "breaking point" by work 
conditions because of understaffing. Many pilots and flight attendants say they're having trouble getting 
the hotel rooms they need to meet the government-mandated rest requirements while working. 
 
Pilots at American have held informational pickets in recent weeks to complain about work conditions. 
And the airline unions correctly predicted that the problems would get worse with the pick-up in travel 
over the holidays. 



*The chart includes TSA employees and screening contractors who may
have had direct interaction with the public at an airport location.
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Biden grapples with a Covid-19 testing failure that could have been foreseen 
 
Analysis by Stephen Collinson, CNN 
Updated 1:25 AM ET, Tue December 28, 2021 
 
CNN)President Joe Biden and his team repeatedly promised more Covid-19 testing, including at-home 
kits that deliver rapid results, but they are now admitting a virus that is more adaptable than the 
politicians who fight it has outpaced them again. 
For many Americans, this holiday season may be remembered for hours spent in long testing lines, or 
fruitlessly searching pharmacy shelves for antigen tests as the Omicron variant took over the previous 
Delta wave. Already patchy testing has been exposed by the latest highly transmissible variant, and the 
US is being compared unfavorably to other developed nations where citizens have easy access to rapid 
tests for free. 
Biden told governors in a virtual meeting Monday that his administration should have done more to 
speed up the availability of rapid testing, before his pledge this month for 500 million kits due to begin 
distribution in January, which will be too late to help this week's holiday crunch. 
 
Are vaccine mandates for domestic flights our ticket out of the pandemic? 
Are vaccine mandates for domestic flights our ticket out of the pandemic? 
"It's not enough. It's clearly not enough. If we'd have known, we'd have gone harder, quicker if we could 
have," the President said, referring to the Omicron storm that has quickly overwhelmed existing testing 
capacity. In an interview with ABC News just before Christmas, Biden denied that shortfall in at-home 
testing represented a "failure." But he added: "You could argue that we should have known a year ago, 
six months ago, two months ago, a month ago." The President said he wished he had thought about 
ordering 500 million at-home tests "two months ago." 
 
Such comments by the President, while candid, are unlikely to improve public confidence in a White 
House that vowed to shut Covid-19 down but sometimes seems to have underestimated the staying 
power of the virus and the scale of the challenge. The administration has had some important successes 
in fighting the emergency despite the politically motivated reluctance of millions of Americans to take 
the President's advice on the vaccines that could save their lives. And on Monday, the US Centers for 
Disease Control and Prevention changed its guidance in a way that may make the current outbreak less 
disruptive to everyday life, shortening the recommended times that people should isolate when they've 
tested positive for Covid-19 from 10 days to five days if they don't have symptoms -- and if they wear a 
mask around others for at least five more days. 
 
But not for the first time, when it comes to testing, the White House is being forced to play catch-up 
following successive waves of a pandemic uncannily able to exploit political divides, slow moving 
bureaucracy and the impatience and weariness of the public with a crisis soon to enter its third year. 
Another political blow 
 
The frustrating search for tests endured by many Americans may also have a political consequence for 
Biden as he searches for a bounce back after a grim few months that saw his approval ratings tumble. 
He is, after all, on the record promising to fix a dearth of testing that has been laid bare by the recent 
viral surge. 
Running on competence, he put the issue at the center of his 2020 campaign, which was partly rooted in 
highlighting ex-President Donald Trump's failures during the first year of the pandemic. And in an 

, this holiday season may be remembered for hours spent in long testing lines, or
fruitlessly searching pharmacy shelves for antigen tests 

Already patchy testing has been exposed by the latest highly transmissible variant,

Biden told governors in a virtual meeting Monday that his administration should have done more to
speed up the availability of rapid testing, 

the Omicron storm that has quickly overwhelmed existing testing
capacity.

The frustrating search for tests endured by many Americans 

a dearth of testing 

Plaintiff's Exhibit 82



address to the nation last March, for instance, the President said: "We continue to work on making at-
home testing available." 
Between Christmas and New Year&#39;s, doctors expect the US Omicron surge to grow 
Between Christmas and New Year's, doctors expect the US Omicron surge to grow 
More than nine months later, he is now admitting not enough has been done. Such comments make it 
hard to accept arguments that the White House was taken off guard by the Omicron variant. Many 
experts have said for months that rapid testing needs to be more available to the public. It's hardly a 
secret that new variants of the virus were inevitable. And a recent episode in which White House press 
secretary Jen Psaki mocked the idea of sending a test to all Americans -- a goal Biden has now embraced 
-- further muddled the administration's stance on this new phase of the pandemic. 
The confusion has frustrated some public health professionals who say there simply aren't enough kits 
to permit people who are sick, those exposed to someone who has been infected with the virus, and 
people who want to travel and attend gatherings to get tested. 
"It really is shameful that we don't have the amount of tests that are necessary to be able to use it as 
the robust containment tool that we know it is when used effectively," Dr. Chris Pernell, a public health 
physician and fellow of the American College of Preventive Medicine, told CNN's Alisyn Camerota on 
Monday. 
All of this may give credence to midterm election messaging from Republicans that Biden has failed in 
his self-appointed number one task -- beating the virus -- even though it's the GOP's repeated attempts 
to politicize the struggle that have often set back the pandemic response. The party's continuing 
devotion to Trump, who once urged public health officials to do less testing so they would uncover 
fewer Covid-19 cases, also casts doubt on its sincerity on this issue. 
A dangerous turn in the crisis 
New controversy over testing follows another critical twist in the pandemic. There were more than 
200,000 new cases of Covid-19 alone on Sunday, and some experts expect that figure to hit half a million 
per day soon. While there are hopeful indications that this variant causes fewer hospitalizations than 
previous incarnations of Covid-19, even a tiny proportion of serious cases could swamp health systems 
given this level of infections. This is especially the case in areas still battling a surge in the Delta variant 
of the virus and in parts of the country where vaccination rates remain comparatively low. 
The government's top infectious diseases specialist, Dr. Anthony Fauci, admitted on CNN's "New Day" 
on Monday that the testing situation could be better, despite consistent warnings by experts for months 
that it isn't sufficiently expansive. 
New Omicron variant fills up children&#39;s hospitals 
New Omicron variant fills up children's hospitals 
"You know, testing has always been an issue," Fauci told CNN's Kaitlan Collins, adding that the situation 
had been exacerbated by hordes of Americans wanting to travel during the holidays just as Omicron 
struck. 
"It's been a very, very strong run on testing," said Fauci, director of the National Institute of Allergy and 
Infectious Diseases. "Obviously, not making any excuses for it: we should have had more tests available. 
But hopefully now as we get into the first couple of weeks in January, that'll get much better." 
Biden has made several recent moves designed to fix the shortfall. At the beginning of December, he 
ordered health insurers to reimburse Americans for the cost of at-home testing, which can run to $20 
for a kit or more. Then he promised Americans that he would make half a billion rapid tests available for 
free, though they will not start rolling out until at least next month. While that influx could be critical as 
Omicron spreads, it can't ease the Christmas surge or frustration among people who think they are 
infected now. 
Washington caught off guard again 

Many
experts have said for months that rapid testing needs to be more available to the public.

The confusion has frustrated some public health professionals who say there simply aren't enough kits
to permit people who are sick, those exposed to someone who has been infected with the virus, and 
people who want to travel and attend gatherings to get tested.
"It really is shameful that we don't have the amount of tests that are necessary to be able to use it as 
the robust containment tool that we know it is when used effectively," Dr. Chris Pernell, a public health 
physician and fellow of the American College of Preventive Medicine, told CNN's Alisyn Camerota on 
Monday.

Dr. Anthony Fauci, admitted on CNN's "New Day" 
on Monday that the testing situation could be better, 

"You know, testing has always been an issue," Fauci told CNN's Kaitlan Collins,

we should have had more tests available.



At-home tests are not infallible and are not a panacea for ending the pandemic. They are less important 
than vaccines and boosters in battling the building Omicron wave. But they are a useful tool that could 
allow Americans to make informed decisions about their own health and plans. They could confirm 
whether a sniffle is in fact Covid-19 and help people protect vulnerable relatives or decide to stay out of 
work to avoid infecting others. 
Doctor explains how to tell the difference between Covid-19 and a cold 
 
Doctor explains how to tell the difference between Covid-19 and a cold 01:33 
The shortage of testing is all the more remarkable since the US led the world in the rapid deployment of 
vaccines, in a program that started under the Trump administration and was deployed by the Biden 
White House team. 
 
Some companies that sought to roll out rapid tests have complained about a prohibitively difficult 
regulatory process at the US Food and Drug Administration. There have also been complaints about a 
flood of testing options, including some from abroad that have swamped the capacity to evaluate them. 
This is a critical issue since rushing approvals of tests or allowing those with deficiencies to get into the 
system could harm the credibility of testing more broadly -- and be a net negative in the drive to end the 
pandemic. 
Yet this situation also appears to have some of the classic ingredients of a Washington screw-up. A 
White House consumed by crises seems to have taken its eye off the ball to some extent. It's also 
possible that increasingly urgent signals from the Oval Office and the suddenness of the Omicron wave 
haven't effectively worked their way down the bureaucratic chain. Events have overtaken the politicians 
and now there's a risk of a blame game. None of which is likely to move a country closer to the 
deliverance from the pandemic that it craves in 2022. 
 

The shortage of testing is all the more remarkable since the US led the world in the rapid deployment of 
vaccines,
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Due to the large number of people passing comment on the article on social media without reading it,
we have updated the headline to emphasise that the study is about facemask wearers. Covid data
can be found on our data hub: data.spectator.co.uk
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Read more: How a 150-year-old experiment with a beam of light showed germs exist -- and that a
face mask can help filter them out

Read more: 13 insider tips on how to wear a mask without your glasses fogging up, getting short of
breath or your ears hurting
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Things that might make masks less effective.



Making masks mandatory only in crowded places, close-contact settings, and confined and enclosed spaces

may be more effective.

Read more: How should I clean my cloth mask?
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Top German scientists: chemical cocktail found in some face masks.

Quebec: Potentially toxic masks distributed in schools and daycares.
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Which party has imposed the most brutal, economy-eviscerating
lockdowns and the most punitive mask mandates, while
steadily ratcheting up the fearmongering at every opportunity?
Mike Whitney



Is a
Mask That Covers the Mouth and Nose Free from Undesirable Side Effects in Everyday Use and
Free of Potential Hazards?
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Masks could be delaying development among babies.
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Abstract: Many countries introduced the requirement to wear masks in public spaces for containing
SARS-CoV-2 making it commonplace in 2020. Up until now, there has been no comprehensive
investigation as to the adverse health effects masks can cause. The aim was to find, test, evaluate and
compile scientifically proven related side effects of wearing masks. For a quantitative evaluation,
44 mostly experimental studies were referenced, and for a substantive evaluation, 65 publications
were found. The literature revealed relevant adverse effects of masks in numerous disciplines. In
this paper, we refer to the psychological and physical deterioration as well as multiple symptoms
described because of their consistent, recurrent and uniform presentation from different disciplines
as a Mask-Induced Exhaustion Syndrome (MIES). We objectified evaluation evidenced changes in
respiratory physiology of mask wearers with significant correlation of O2 drop and fatigue (p < 0.05),
a clustered co-occurrence of respiratory impairment and O2 drop (67%), N95 mask and CO2 rise
(82%), N95 mask and O2 drop (72%), N95 mask and headache (60%), respiratory impairment and
temperature rise (88%), but also temperature rise and moisture (100%) under the masks. Extended
mask-wearing by the general population could lead to relevant effects and consequences in many
medical fields.

Keywords: personal protective equipment; masks; N95 face mask; surgical mask; risk; adverse
effects; long-term adverse effects; contraindications; health risk assessment; hypercapnia; hypoxia;
headache; dyspnea; physical exertion; MIES syndrome

1. Introduction

At the beginning of the spread of the novel pathogen SARS-CoV-2, it was necessary
to make far-reaching decisions even without available explicit scientific data. The initial
assumption was that the pandemic emergency measures were set in place to reduce the
acute threat of the public health system effectively and swiftly.

In April 2020, the World Health Organization (WHO) recommended the use of masks
only for symptomatic, ill individuals and health care workers and did not recommend its
widespread use.
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Up until now, there has been no comprehensive
investigation as to the adverse health effects masks can cause.

Mask-Induced Exhaustion Syndrome We objectified evaluation evidenced changes in
respiratory physiology of mask wearers with significant correlation off O2 drop and fatigue (p < 0.05),
a clustered co-occurrence of respiratory impairment and O2 drop (67%), N95 mask and CO2 rise
(82%), N95 mask and O2 drop (72%), N95 mask and headache (60%), respiratory impairment and
temperature rise (88%), but also temperature rise and moisture (100%) under the masks. Extended
mask-wearing by the general population could lead to relevant effects and consequences in many
medical fields.

In April 2020, the World Health Organization (WHO) recommended the use of masks
only for symptomatic, ill individuals and health care workers and did not recommend its
widespread use.
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In June 2020, they changed this recommendation to endorse the general use of masks in,
e.g., crowded places [1,2]. In a meta-analysis study commissioned by the WHO (evidence
level Ia), no clear, scientifically graspable benefit of moderate or strong evidence was
derived from wearing masks [3].

While maintaining a distance of at least one meter showed moderate evidence with
regard to the spreading of SARS-CoV-2, only weak evidence at best could be found for
masks alone in everyday use (non-medical setting) [3]. Another meta-analysis conducted
in the same year confirmed the weak scientific evidence for masks [4].

Accordingly, the WHO did not recommend general or uncritical use of masks for
the general population and expanded its risk and hazard list within just two months.
While the April 2020 guideline highlighted the dangers of self-contamination, possible
breathing difficulties and false sense of security, the June 2020 guideline found additional
potential adverse effects such as headache, development of facial skin lesions, irritant
dermatitis, acne or increased risk of contamination in public spaces due to improper mask
disposal [1,2].

However, under pressure from increasing absolute numbers of positive SARS-CoV-2
tests, many prescribers further extended mask-wearing according to certain times and
situations, always justified by the desire to limit the spread of the virus [5]. The media,
numerous institutions and most of the population supported this approach.

Among the medical profession and scientists, the users and observers of medical
devices, there have been simultaneous calls for a more nuanced approach [6–8]. While
there has been a controversial scientific discussion worldwide about the benefits and risks
of masks in public spaces, they became the new social appearance in everyday life in many
countries at the same time.

Although there seems to be a consensus among the decision makers who have in-
troduced mandatory masks that medical exemptions are warranted, it is ultimately the
responsibility of individual clinicians to weigh up when to recommend exemption from
mandatory masks. Physicians are in a conflict of interest concerning this matter. On the
one hand, doctors have a leading role in supporting the authorities in the fight against a
pandemic. On the other hand, doctors must, in accordance with the medical ethos, protect
the interests, welfare and rights of their patient’s third parties with the necessary care and
in accordance with the recognized state of medical knowledge [9–11].

A careful risk–benefit analysis is becoming increasingly relevant for patients and their
practitioners regarding the potential long-term effects of masks. The lack of knowledge of
legal legitimacy on the one hand and of the medical scientific facts on the other is a reason
for uncertainty among clinically active colleagues.

The aim of this paper is to provide a first, rapid, scientific presentation of the risks of
general mandatory mask use by focusing on the possible adverse medical effects of masks,
especially in certain diagnostic, patient and user groups.

2. Materials and Methods

The objective was to search for documented adverse effects and risks of different types
of mouth–nose-covering masks. Of interest here were, on the one hand, readymade and
self-manufactured fabric masks, including so-called community masks and, on the other
hand medical, surgical and N95 masks (FFP2 masks).

Our approach of limiting the focus to negative effects seems surprising at first glance.
However, such an approach helps toprovide us with more information. This methodology
is in line with the strategy of Villalonga-Olives and Kawachi, who also conducted a review
exclusively on the negative effects [12].

For an analysis of the literature, we defined the risk of mouth–nose protection as the
description of symptoms or the negative effects of masks. Reviews and expert presentations
from which no measurable values could be extracted, but which clearly present the research
situation and describe negative effects, also fulfill this criterion.

. In a meta-analysis study commissioned by the WHO (evidence
level Ia), no clear, scientifically graspable benefit of moderate or strong evidence was
derived from wearing masks

the June 2020 guideline found additional
potential adverse effects such as headache, development of facial skin lesions, irritant
dermatitis, acne or increased risk of contamination in public spaces due to improper mask
disposal [

there has been a controversial scientific discussion worldwide about the benefits and risks
of masks in public spaces,
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Additionally, we defined the quantifiable, negative effect of masks as the presentation
of a measured, statistically significant change in a physiological parameter in a pathological
direction (p < 0.05), a statistically significant detection of symptoms (p < 0.05) or the
occurrence of symptoms in at least 50% of those examined in a sample (n ≥ 50%).

Up to and including 31 October 2020, we conducted a database search in
PubMed/MEDLINE on scientific studies and publications on adverse effects and risks of
different types of mouth–nose-covering masks according to the criteria mentioned above
(see Figure 1: Review flowchart). Terms searched were “face masks”, “surgical mask” and
“N95” in combination with the terms “risk” and “adverse effects” as well as “side effects”.
The selection criteria of the papers were based on our above definition of risk and adverse
effect of masks. Mainly English- and German-language publications of evidence levels I to
III according to the recommendations of the Agency for Healthcare Research and Quality
(AHQR) that were not older than 20 years at the time of the review were considered. The
evaluation also excluded level IV evidence, such as case reports and irrelevant letters to
the editor that exclusively reflect opinions without scientific evidence.

Figure 1. Scoping review flow diagram according to the PRISMA scheme.

After excluding 1113 papers that were irrelevant to the research question and did
not meet the criteria mentioned (quantifiable, negative effects of masks, description of
symptoms or the negative effects of masks), a total of 109 relevant publications were found
for evaluation in the context of our scoping review (see Figure 1: Flow chart).

Sixty-five relevant publications concerning masks were considered being within the
scope of the content-related evaluation. These included 14 reviews and 2 meta-analyses
from the primary research. For the quantitative evaluation, 44 presentations of nega-
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tive effects from the years 2004 to 2020 were eligible. Thirty-one of these studies were
experimental (70%), and 13 studies were data collection studies in the sense of simple
observational studies, especially in the dermatological field (30%). The observed study
parameters and significant results from these 44 publications (p < 0.05 or n ≥ 50%) were
compiled in an overall display (Figure 2). Based on this data, a correlation analysis of
the observed mask effects was performed. This included a correlation calculation of the
recorded symptoms and physiological changes (for nominally scaled, dichotomous vari-
ables according to Fisher using R, R Foundation for Statistical Computing, Vienna, Austria,
version 4.0.2).

Figure 2. Overview including all 44 considered studies with quantified, significant adverse effects
of masks (black dots and black rectangles). Not all studies examined each mentioned parameter,
as focused or subject-related questions were often in the foreground. Gray fields correspond to a
lack of coverage in the primary studies, white fields represent measured effects. We found an often
combination of significant chemical, physical, physiological parameters and complaints. Drowsi-
ness summarizes the symptom for any qualitative neurological deficits described in the scientific
literature examined.

In addition, another 64 publications with a neighboring range of topics were consulted
in connection with the mask effects we found. These included declarations, guidelines
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and legal principles. In order to expand the amount of data for the discussion, we pro-
ceeded according to the “snowball principle” by locating citations of selected papers in the
bibliographies and including them where appropriate.

Since the findings from the topics presented for discussion were to an unexpected
degree subject-related, we decided to divide the results according to the fields of medicine.
Of course, there are overlaps between the respective fields, which we point out in detail.

3. Results

A total of 65 scientific papers on masks qualified for a purely content-based evaluation.
These included 14 reviews and two meta-analyses.

Of the mathematically evaluable, groundbreaking 44 papers with significant negative
mask effects (p < 0.05 or n ≥ 50%), 22 were published in 2020 (50%), and 22 were published
before the COVID-19 pandemic. Of these 44 publications, 31 (70%) were of experimental
nature, and the remainder were observational studies (30%). Most of the publications in
question were English (98%). Thirty papers referred to surgical masks (68%), 30 publications
related to N95 masks (68%), and only 10 studies pertained to fabric masks (23%).

Despite the differences between the primary studies, we were able to demonstrate a
statistically significant correlation in the quantitative analysis between the negative side
effects of blood-oxygen depletion and fatigue in mask wearers with p = 0.0454.

In addition, we found a mathematically grouped common appearance of statistically
significant confirmed effects of masks in the primary studies (p < 0.05 and n ≥ 50%) as
shown in Figure 2. In nine of the 11 scientific papers (82%), we found a combined onset
of N95 respiratory protection and carbon dioxide rise when wearing a mask. We found
a similar result for the decrease in oxygen saturation and respiratory impairment with
synchronous evidence in six of the nine relevant studies (67%). N95 masks were associated
with headaches in six of the 10 studies (60%). For oxygen deprivation under N95 respiratory
protectors, we found a common occurrence in eight of 11 primary studies (72%). Skin
temperature rise under masks was associated with fatigue in 50% (three out of six primary
studies). The dual occurrence of the physical parameter temperature rise and respiratory
impairment was found in seven of the eight studies (88%). A combined occurrence of the
physical parameters temperature rise and humidity/moisture under the mask was found
in 100% within six of six studies, with significant readings of these parameters (Figure 2).

The literature review confirms that relevant, undesired medical, organ and organ
system-related phenomena accompanied by wearing masks occur in the fields of internal
medicine (at least 11 publications, Section 3.2). The list covers neurology (seven publica-
tions, Section 3.3), psychology (more than 10 publications, Section 3.4), psychiatry (three
publications, Section 3.5), gynecology (three publications, Section 3.6), dermatology (at least
10 publications, Section 3.7), ENT medicine (four publications, Section 3.8), dentistry (one
publication, Section 3.8), sports medicine (four publications, Section 3.9), sociology (more
than five publications, Section 3.10), occupational medicine (more than 14 publications,
Section 3.11), microbiology (at least four publications, Section 3.12), epidemiology (more
than 16 publications, Section 3.13), and pediatrics (four publications, Section 3.14) as well
as environmental medicine (four publications, Section 3.15).

We will present the general physiological effects as a basis for all disciplines. This will
be followed by a description of the results from the different medical fields of expertise
and closing off with pediatrics the final paragraph.

3.1. General Physiological and Pathophysiological Effects for the Wearer

As early as 2005, an experimental dissertation (randomized crossover study) demon-
strated that wearing surgical masks in healthy medical personnel (15 subjects, 18–40 years
old) leads to measurable physical effects with elevated transcutaneous carbon dioxide
values after 30 min [13]. The role of dead space volume and CO2 retention as a cause of
the significant change (p < 0.05) in blood gases on the way to hypercapnia, which was still

A total of 65 scientific papers on masks qualified f
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statistically significant correlation in the quantitative analysis between the negative side
effects of blood-oxygen depletion and fatigue in mask wearers w
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within the limits, was discussed in this article. Masks expand the natural dead space (nose,
throat, trachea, bronchi) outwards and beyond the mouth and nose.

An experimental increase in the dead space volume during breathing increases carbon
dioxide (CO2) retention at rest and under exertion and correspondingly the carbon dioxide
partial pressure pCO2 in the blood (p < 0.05) [14].

As well as addressing the increased rebreathing of carbon dioxide (CO2) due to the
dead space, scientists also debate the influence of the increased breathing resistance when
using masks [15–17].

According to the scientific data, mask wearers as a whole show a striking frequency
of typical, measurable, physiological changes associated with masks.

In a recent intervention study conducted on eight subjects, measurements of the gas
content for oxygen (measured in O2 Vol%) and carbon dioxide (measured in CO2 ppm)
in the air under a mask showed a lower oxygen availability even at rest than without a
mask. A Multi-Rae gas analyzer was used for the measurements (RaeSystems®) (Sun-
nyvale, California CA, United States). At the time of the study, the device was the most
advanced portable multivariant real-time gas analyzer. It is also used in rescue medicine
and operational emergencies. The absolute concentration of oxygen (O2 Vol%) in the air
under the masks was significantly lower (minus 12.4 Vol% O2 in absolute terms, statistically
significant with p < 0.001) at 18.3% compared to 20.9% room air concentration. Simultane-
ously, a health-critical value of carbon dioxide concentration (CO2 Vol%) increased by a
factor of 30 compared to normal room air was measured (ppm with mask versus 464 ppm
without mask, statistically significant with p < 0.001) [18].

These phenomena are responsible for a statistically significant increase in carbon
dioxide (CO2) blood content in mask wearers [19,20], on the one hand, measured tran-
scutaneously via an increased PtcCO2 value [15,17,19,21,22], on the other hand, via end-
expiratory partial pressure of carbon dioxide (PETCO2) [23,24] or, respectively, the arterial
partial pressure of carbon dioxide (PaCO2) [25].

In addition to the increase in the wearer’s blood carbon dioxide (CO2) levels (p < 0.05)
[13,15,17,19,21–28], another consequence of masks that has often been experimentally
proven is a statistically significant drop in blood oxygen saturation (SpO2) (p < 0.05)
[18,19,21,23,29–34]. A drop in blood oxygen partial pressure (PaO2) with the effect of an
accompanying increase in heart rate (p < 0.05) [15,23,29,30,34] as well as an increase in
respiratory rate (p < 0.05) [15,21,23,35,36] have been proven.

A statistically significant measurable increase in pulse rate (p < 0.05) and decrease
in oxygen saturation SpO2 after the first (p < 0.01) and second hour (p < 0.0001) under a
disposable mask (surgical mask) were reported by researchers in a mask intervention study
they conducted on 53 employed neurosurgeons [30].

In another experimental study (comparative study), surgical and N95 masks caused a
significant increase in heart rate (p < 0.01) as well as a corresponding feeling of exhaustion
(p < 0.05). These symptoms were accompanied by a sensation of heat (p < 0.0001) and
itching (p < 0.01) due to moisture penetration of the masks (p < 0.0001) in 10 healthy
volunteers of both sexes after only 90 min of physical activity [35]. Moisture penetration
was determined via sensors by evaluating logs (SCXI-1461, National Instruments, Austin,
TX, USA).

These phenomena were reproduced in another experiment on 20 healthy subjects
wearing surgical masks. The masked subjects showed statistically significant increases in
heart rate (p < 0.001) and respiratory rate (p < 0.02) accompanied by a significant measurable
increase in transcutaneous carbon dioxide PtcCO2 (p < 0.0006). They also complained of
breathing difficulties during the exercise [15].

The increased rebreathing of carbon dioxide (CO2) from the enlarged dead space
volume in mask wearers can reflectively trigger increased respiratory activity with in-
creased muscular work as well as the resulting additional oxygen demand and oxygen
consumption [17]. This is a reaction to pathological changes in the sense of an adaptation
effect. A mask-induced drop in blood oxygen saturation value (SpO2) [30] or the blood

According to the scientific data, mask wearers as a whole show a striking frequency
of typical, measurable, physiological changes associated with masks.

a health-critical value of carbon dioxide concentration ((CO2 Vol%) increased by a
factor of 30 compared to normal room air was measured

These phenomena are responsible for a statistically significant increase in carbon
dioxide ((CO2) blood content in mask wearers

another consequence of masks that has often been experimentally
proven is a statistically significant drop in blood oxygen saturation ((SpO2) (p < 0.05)
[18,19,21,23,29–34]. A drop in blood oxygen partial pressure ((PaO2) with the effect of an
accompanying increase in heart rate (p < 0.05) [15,23,29,30,34] as well as an increase in
respiratory rate (p < 0.05) [15,21,23,35,36] have been proven.

In another experimental study (comparative study), surgical and N95 masks caused a
significant increase in heart rate (p < 0.01) as well as a corresponding feeling of exhaustion

The masked subjects showed statistically significant increases in
heart rate (p < 0.001) and respiratory rate (p < 0.02) accompanied by a significant measurable
increase in transcutaneous carbon dioxide PtcCO2 (p < 0.0006). They also complained of
breathing difficulties during the exercise

The increased rebreathing of carbon dioxide ((CO2) from the enlarged dead space
volume in mask wearers can reflectively trigger increased respiratory activity with in-
creased muscular work as well as the resulting additional oxygen demand and oxygen
consumption
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oxygen partial pressure (PaO2) [34] can in turn additionally intensify subjective chest
complaints [25,34].

The documented mask-induced changes in blood gases towards hypercapnia (in-
creased carbon dioxide/CO2 blood levels) and hypoxia (decreased oxygen/O2 blood levels)
may result in additional nonphysical effects such as confusion, decreased thinking ability
and disorientation [23,36–39], including overall impaired cognitive abilities and decrease in
psychomotoric abilities [19,32,38–41]. This highlights the importance of changes in blood
gas parameters (O2 and CO2) as a cause of clinically relevant psychological and neurological
effects. The above parameters and effects (oxygen saturation, carbon dioxide content,
cognitive abilities) were measured in a study on saturation sensors (Semi-Tec AG, Therwil,
Switzerland), using a Borg Rating Scale, Frank Scale, Roberge Respirator Comfort Scale and
Roberge Subjective Symptoms-during-Work Scale, as well as with a Likert scale [19]. In the
other main study, conventional ECG, capnography and symptom questionnaires were used
in measuring carbon dioxide levels, pulse and cognitive abilities [23]. Other physiological
data collection was done with pulse oximeters (Allegiance, MCGaw, USA), subjective
complaints were assessed with a 5-point Likert scale and motoric speed was recorded with
linear-position transducers (Tendo-Fitrodyne, Sport Machins, Trencin, Slovakia) [32]. Some
researchers used standardized, anonymized questionnaires to collect data on subjective
complaints associated with masks [37].

In an experimental setting with different mask types (community, surgical, N95) a
significant increase in heart rate (p < 0.04), a decrease in oxygen saturation SpO2 (p < 0.05)
with an increase in skin temperature under the mask (face) and difficulty of breathing
(p < 0.002) were recorded in 12 healthy young subjects (students). In addition, the investi-
gators observed dizziness (p < 0.03), listlessness (p < 0.05), impaired thinking (p < 0.03) and
concentration problems (p < 0.02), which were also statistically significant when wearing
masks [29].

According to other researchers and their publications, masks also interfere with
temperature regulation, impair the field of vision and of non-verbal and verbal communi-
cation [15,17,19,36,37,42–45].

The above-mentioned measurable and qualitative physiological effects of masks can
have implications in various areas of expertise in medicine.

It is known from pathology that not only supra-threshold stimuli exceeding normal
limits have disease-relevant consequences. Subthreshold stimuli are also capable of causing
pathological changes if the exposure time is long enough. Examples occur from the slightest
air pollution by hydrogen sulfide resulting in respiratory problems (throat irritation, cough-
ing, reduced absorption of oxygen) and neurological diseases (headaches, dizziness) [46].
Furthermore, subthreshold but prolonged exposure to nitrogen oxides and particulate
matter is associated with an increased risk of asthma, hospitalization and higher overall
mortality [47,48]. Low concentrations of pesticides are also associated with disease-relevant
consequences for humans such as mutations, development of cancer and neurological dis-
orders [49]. Likewise, the chronic subthreshold intake of arsenic is associated with an
increased risk of cancer [50], subthreshold intake of cadmium with the promotion of heart
failure [51], subthreshold intake of lead is associated with hypertension, renal metabolic
disorders and cognitive impairment [52] or subthreshold intake of mercury with immune
deficiency and neurological disorders [53]. Subliminal UV radiation exposure over long
periods is also known to cause mutation-promoting carcinogenic effects (especially white
skin cancer) [54].

The mask-induced adverse changes are relatively minor at first glance, but repeated
exposure over longer periods in accordance with the above-mentioned pathogenetic prin-
ciple is relevant. Long-term disease-relevant consequences of masks are to be expected.
Insofar, the statistically significant results found in the studies with mathematically tangible
differences between mask wearers and people without masks are clinically relevant. They
give an indication that with correspondingly repeated and prolonged exposure to physi-
cal, chemical, biological, physiological and psychological conditions, some of which are

may result in additional nonphysical effects such as confusion, decreased thinking ability
and disorientation [23,36–39], including overall impaired cognitive abilities and decrease in
psychomotoric abilities

In an experimental setting with different mask types (community, surgical, N95) a
significant increase in heart rate (p < 0.04), a decrease in oxygen saturationn SpO2 (p < 0.05)
with an increase in skin temperature under the mask (face) and difficulty of breathing
(p < 0.002) were recorded in 12 healthy young subjects (students). In addition, the investi-
gators observed dizziness (p < 0.03), listlessness (p < 0.05), impaired thinking (p < 0.03) and
concentration problems (p < 0.02), which were also statistically significant when wearing
masks [2

According to other researchers and their publications, masks also interfere with
temperature regulation, impair the field of vision and of non-verbal and verbal communi-
cation

The mask-induced adverse changes are relatively minor at first glance, but repeated
exposure over longer periods in accordance with the above-mentioned pathogenetic prin-
ciple is relevant. Long-term disease-relevant consequences of masks are to be expected.
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subliminal, but which are significantly shifted towards pathological areas, health-reducing
changes and clinical pictures can develop such as high blood pressure and arteriosclerosis,
including coronary heart disease (metabolic syndrome) as well as neurological diseases.
For small increases in carbon dioxide in the inhaled air, this disease-promoting effect has
been proven with the creation of headaches, irritation of the respiratory tract up to asthma
as well as an increase in blood pressure and heart rate with vascular damage and, finally,
neuropathological and cardiovascular consequences [38]. Even slightly but persistently
increased heart rates encourage oxidative stress with endothelial dysfunction, via increased
inflammatory messengers, and finally, the stimulation of arteriosclerosis of the blood ves-
sels has been proven [55]. A similar effect with the stimulation of high blood pressure,
cardiac dysfunction and damage to blood vessels supplying the brain is suggested for
slightly increased breathing rates over long periods [56,57]. Masks are responsible for
the aforementioned physiological changes with rises in inhaled carbon dioxide [18–28],
small sustained increases in heart rate [15,23,29,30,35] and mild but sustained increases in
respiratory rates [15,21,23,34,36].

For a better understanding of the side effects and dangers of masks presented in this lit-
erature review, it is possible to refer to well-known principles of respiratory
physiology (Figure 3).

The average dead space volume during breathing in adults is approximately 150–180 mL
and is significantly increased when wearing a mask covering the mouth and nose [58]. With
an N95 mask, for example, the dead space volume of approximately 98–168 mL was deter-
mined in an experimental study [59]. This corresponds to a mask-related dead space increase
of approximately 65 to 112% for adults and, thus, almost a doubling. At a respiratory rate
of 12 per minute, the pendulum volume respiration with such a mask would, thus, be at
least 2.9–3.8 L per minute. Therefore, the dead space amassed by the mask causes a relative
reduction in the gas exchange volume available to the lungs per breath by 37% [60]. This
largely explains the impairment of respiratory physiology reported in our work and the re-
sulting side effects of all types of masks in everyday use in healthy and sick people (increase
in respiratory rate, increase in heart rate, decrease in oxygen saturation, increase in carbon
dioxide partial pressure, fatigue, headaches, dizziness, impaired thinking, etc.) [36,58].

In addition to the effect of increased dead space volume breathing, however, mask-
related breathing resistance is also of exceptional importance (Figure 3) [23,36].

Experiments show an increase in airway resistance by a remarkable 126% on inhalation
and 122% on exhalation with an N95 mask [60]. Experimental studies have also shown that
moisturization of the mask (N95) increases the breathing resistance by a further 3% [61]
and can, thus, increase the airway resistance up to 2.3 times the normal value.

This clearly shows the importance of the airway resistance of a mask. Here, the mask
acts as a disturbance factor in breathing and makes the observed compensatory reactions
with an increase in breathing frequency and simultaneous feeling of breathlessness plau-
sible (increased work of the respiratory muscles). This extra strain due to the amplified
work of breathing against bigger resistance caused by the masks also leads to intensified
exhaustion with a rise in heart rate and increased CO2 production. Fittingly, in our review
of the studies on side effects of masks (Figure 2), we also found a percentage clustering of
significant respiratory impairment and a significant drop in oxygen saturation (in about
75% of all study results).

In the evaluation of the primary papers, we also determined a statically significant
correlation of the drop in oxygen saturation (SpO2) and fatigue with a common occurrence
in 58% of the mask use studies with significant results (Figure 2, p < 0.05).

For small increases in carbon dioxide in the inhaled air, this disease-promoting effect has
been proven with the creation of headaches, irritation of the respiratory tract up to asthma
as well as an increase in blood pressure and heart rate with vascular damage and, finally,
neuropathological and cardiovascular consequences

Masks are responsible for
the aforementioned physiological changes with rises in inhaled carbon dioxide [18–28],
small sustained increases in heart rate [15,23,29,30,35] and mild but sustained increases in
respiratory rates

Therefore, the dead space amassed by the mask causes a relative
reduction in the gas exchange volume available to the lungs per breath by 37% [60]. This
largely explains the impairment of respiratory physiology reported in our work and the re-
sulting side effects of all types of masks in everyday use in healthy and sick people (increase
in respiratory rate, increase in heart rate, decrease in oxygen saturation, increase in carbon
dioxide partial pressure, fatigue, headaches, dizziness, impaired thinking, etc.)

mask-
related breathing resistance is also of exceptional importance (Figure 3) [23,36].

Experiments show an increase in airway resistance by a remarkable 126% on inhalation
and 122% on exhalation with an N95 mask [60]. Experimental studies have also shown that
moisturization of the mask (N95) increases the breathing resistance by a further 3% [61]
and can, thus, increase the airway resistance up to 2.3 times the normal value.

, the mask
acts as a disturbance factor in breathing and makes the observed compensatory reactions
with an increase in breathing frequency and simultaneous feeling of breathlessness plau-
sible (increased work of the respiratory muscles). This extra strain due to the amplified
work of breathing against bigger resistance caused by the masks also leads to intensified
exhaustion with a rise in heart rate and increased CO2 production. Fittingly, in our review
of the studies on side effects of masks (Figure 2), we also found a percentage clustering of
significant respiratory impairment and a significant drop in oxygen saturation
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Figure 3. Pathophysiology of the mask (important physical and chemical effects): Illustration of the
breathing resistance* and of the dead space volume of an N95 mask in an adult. When breathing,
there is an overall significantly reduced possible gas exchange volume of the lungs of minus 37%
caused by the mask (Lee 2011) [60] according to a decrease in breathing depth and volume due to
the greater breathing resistance of plus128%* (exertion when inhaling greater than when exhaling)
and due to the increased dead space volume of plus80%**, which does not participate directly in the
gas exchange and is being only partially mixed with the environment. (* = averaged inspiration and
expiration according to Lee 2011 [60] including moisture penetration according to Roberge 2010 [61],
** = averaged values according to Xu 2015 [59]).

3.2. Internistic Side Effects and Dangers

As early as 2012, an experiment showed that walking in the 20 masked subjects
compared to the identical activity without masks significantly increased heart rates (average
+9.4 beats per minute, p < 0.001) and breathing rates (p < 0.02). These physiological changes
were accompanied by transcutaneous significantly measurable increased transcutaneous
carbon dioxide (PtcCO2) levels (p < 0.0006) as well as respiratory difficulties in the mask
wearers compared to the control group [15].

In a recent experimental comparative study from 2020, 12 healthy volunteers under
surgical masks as well as under N95 masks experienced measurable impairments in the
measured lung function parameters as well as cardiopulmonary capacity (lower maximum
blood lactate response) during moderate to heavy physical exertion compared to exertion
without masks (p < 0.001) [31]. The mask-induced increased airway resistance led to
increased respiratory work with increased oxygen consumption and demand, both of
the respiratory muscles and the heart. Breathing was significantly impeded (p < 0.001)
and participants reported mild pain. The scientists concluded from their results that the
cardiac compensation of the pulmonary, mask-induced restrictions, which still functioned
in healthy people, was probably no longer possible in patients with reduced cardiac
output [31].

In another recent study, researchers tested fabric masks (community masks), surgical
masks and FFP2/N95 masks in 26 healthy people during exercise on a cycle ergometer. All
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masks also showed a measurable carbon dioxide (CO2) retention (PtcCO2) (statistically
significant with p < 0.001) and, for N95 masks, a decrease in the oxygen saturation value
SpO2 (statistically significant at 75 and 100 W with p < 0.02 and p < 0.005, respectively).
The clinical relevance of these changes was shown in an increase in breathing frequency
with fabric masks (p < 0.04) as well as in the occurrence of the previously described mask-
specific complaints such as a feeling of heat, shortness of breath and headaches. The
stress perception was recorded on a Borg scale from 1 to 20. During physical exertion
under an N95 mask, the group with masks showed a significant increase in the feeling of
exhaustion compared to the group without with 14.6 versus 11.9 on the scale of 20. During
the exposure, 14 of the 24 subjects wearing masks complained of shortness of breath (58%),
four of headaches and two of a feeling of heat. Most of the complaints concerned FFP2
masks (72%) [21].

The aforementioned physiological and subjective physical effects of masks on healthy
people at rest and under exertion [21,31] give an indication of the effect of masks on sick
and elderly people even without exertion.

In an observational study of ten 20 to 50 year-old nurses wearing N95 masks during
their shift work, side effects such as breathing difficulties (“I can’t breathe”), feelings of
exhaustion, headache (p < 0.001), drowsiness (p < 0.001) and a decrease in oxygen saturation
SpO2 (p < 0.05) as well as an increase in heart rate (p < 0.001) were statistically significant
in association with an increase in obesity (BMI) [19]. The occurrence of symptoms under
masks was also associated with older age (statistically significant correlation of fatigue and
drowsiness with p < 0.01 each, nausea with p < 0.05, an increase in blood pressure with
p < 0.01, headache with p < 0.05, breathing difficulties with p < 0.001) [19].

In an intervention study involving 97 patients with advanced chronic obstructive
pulmonary disease (COPD) the respiratory rate, oxygen saturation and exhaled carbon
dioxide equivalents (capnometry) changed unfavorably and significantly after the use of
N95 masks (FFP2 equivalent) with an initial 10-minute rest and subsequent 6-minute walk-
ing. Seven patients discontinued the experiment due to serious complaints with a decrease
in the oxygen saturation value SpO2 and a pathological carbon dioxide (CO2) retention as
well as increased end-expiratory partial pressure of carbon dioxide (PETCO2) [23]. In two
patients, the PETCO2 exceeded the normal limits and reached values of >50 mmHg. An
FEV1 < 30% and a modified Medical Research Council (mMRC) Dyspnea Scale Score of ≥3,
both indicators of advanced COPD, correlated with mask intolerance overall in this study.
The most common symptom under mask was breathlessness at 86%. In the dropouts of
the study, dizziness (57%) and headaches were also often recorded. In the mask-tolerant
COPD patients, significant increases in heart rate, respiratory rate and end-expiratory
carbon dioxide partial pressure PETCO2 could be objectified even at rest, after only 10
min of mask-wearing (p < 0.001), accompanied by a decrease in oxygen saturation SpO2
(p < 0.001) [23]. The results of this study with an evidence level IIa are indicative for COPD
mask wearers.

In another retrospective comparative study on COPD and surgical masks, examiners
were able to demonstrate statistically an increase in arterial partial pressure of carbon
dioxide (PaCO2) of approximately +8 mmHg (p < 0.005) and a concomitant mask-related
increase in systolic blood pressure of +11 mmHg (p < 0.02) [25]. This increase is relevant in
hypertensive patients, but also in healthy people with borderline blood pressure values as
pathological value range triggered by mask-wearing can be induced.

In 39 hemodialysis patients with end-stage renal disease, a type N95 mask (FFP2
equivalent) caused a significant drop in blood oxygen partial pressure (PaO2) in 70% of
patients at rest (on hemodialysis) within only 4 h (p = 0.006). Despite a compensatory
increased respiratory rate (p < 0.001), malaise with chest pain occurred (p < 0.001) and even
resulted in hypoxemia (drop in oxygen below the normal limit) in 19% of the subjects [34].
The researchers concluded from their findings that elderly or patients with reduced car-
diopulmonary function have a higher risk of developing a severe respiratory failure while
wearing a mask [34].

In an observational study of ten 20 to 50 year-old nurses wearing N95 masks during
their shift work, side effects such as breathing difficulties (“I can’t breathe”), feelings of
exhaustion, headache (p < 0.001), drowsiness (p < 0.001) and a decrease in oxygen saturation
SpO2 (p < 0.05) as well as an increase in heart rate (p < 0.001) were statistically significant
in association with an increase in obesity

The researchers concluded from their findings that elderly or patients with reduced car-
diopulmonary function have a higher risk of developing a severe respiratory failure while
wearing a mask
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In a review paper on the risks and benefits of masks worn during the COVID-19 crisis,
other authors provide an equally critical assessment of mandatory mask use for patients
with pneumonia, both with and without COVID-19 pneumonia disease [16].

3.3. Neurological Side Effects and Dangers

In a scientific evaluation of syncope in the operating theatre, 36 of 77 affected persons
(47%) were associated with wearing a mask [62]. However, other factors could not be ruled
out as contributory causes.

In their level III evidence review, neurologists from Israel, the UK and the USA
state that a mask is unsuitable for epileptics because it can trigger hyperventilation [63].
The use of a mask significantly increases the respiratory rate by about plus 15 to 20%
[15,21,23,34,64]. However, an increase in breathing frequency leading to hyperventilation
is known to be used for provocation in the diagnosis of epilepsy and causes seizure-
equivalent EEG changes in 80% of patients with generalized epilepsy and in up to 28% of
focal epileptics [65].

Physicians from New York studied the effects of wearing masks of the surgical-type
mask and N95 among medical personnel in a sample of 343 participants (surveyed using
standardized, anonymized questionnaires). Wearing the masks caused detectable physical
adverse effects such as impaired cognition (24% of wearers) and headaches in 71.4% of
the participants. Of these, 28% persisted and required medication. Headache occurred in
15.2% under 1 h of wear, in 30.6% after 1 h of wear and in 29.7% after 3 h of wear. Thus, the
effect intensified with increasing wearing time [37].

Confusion, disorientation and even drowsiness (Likert scale questionnaire) and re-
duced motoric abilities (measured with a linear position transducer) with reduced reactivity
and overall impaired performance (measured with the Roberge Subjective Symptoms-
during-Work Scale) as a result of mask use have also been documented in other stud-
ies [19,23,29,32,36,37].

The scientists explain these neurological impairments with a mask-induced latent
drop in blood gas oxygen levels O2 (towards hypoxia) or a latent increase in blood gas
carbon dioxide levels CO2 (towards hypercapnia) [36]. In view of the scientific data, this
connection also appears to be indisputable [38–41].

In a mask experiment from 2020, significant impaired thinking (p < 0.03) and impaired
concentration (p < 0.02) were found for all mask types used (fabric, surgical and N95 masks)
after only 100 min of wearing the mask [29]. The thought disorders correlated significantly
with a drop in oxygen saturation (p < 0.001) during mask use.

Initial headaches (p < 0.05) were experienced by up to 82% of 158, 21–35 year-old mask
wearers in another study of N95 respiratory protection with one third (34%) experiencing
headaches up to four times daily. Participants wore the mask for 18.3 days over a 30-day
period with a mean of 5.9 h per day [66].

Significantly increased headache (p < 0.05) could be observed not only for N95 but also
for surgical masks in participants of another observational study of health care workers [67].

In another study, the researchers classified 306 users with an average age of 43 years
and wearing different types of masks, of whom 51% had an initial headache as a specific
symptom related exclusively to increased surgical and N95 mask use (1 to 4 h, p = 0.008) [68].

Researchers from Singapore were able to demonstrate in a trial involving 154 healthy
N95 health service mask wearers that a significant increase in mask-induced blood carbon
dioxide levels (measured by end-expiratory partial pressure of carbon dioxide PETCO2) and
a measurably greater vasodilatation with an increase in cerebral artery flow in the cerebri
media resulted. This was associated with headaches in the trial group (p < 0.001) [27].

According to the researchers, the aforementioned changes also contribute to headaches
during the prolonged use of masks with a shift towards hypoxia and hypercapnia. Further-
more, stress and mechanical factors such as the irritation of cervical nerves in the neck and
head area caused by the tight mask straps pressuring the nerve strands also contribute to
headaches [66].

neurologists from Israel, the UK and the USA
state that a mask is unsuitable for epileptics because it can trigger hyperventilation [63].
The use of a mask significantly increases the respiratory rate by about plus 15 to 20%
[15,21,23,34,64]. However, an increase in breathing frequency leading to hyperventilation
is known to be used for provocation in the diagnosis of epilepsy and causes seizure-
equivalent EEG changes in 80% of patients with generalized epilepsy and in up to 28% of
focal epileptics

The scientists explain these neurological impairments with a mask-induced latent
drop in blood gas oxygen levels O2 (towards hypoxia) or a latent increase in blood gas
carbon dioxide levels CO2 (towards hypercapnia) [36]. In view of the scientific data, this
connection also appears to be indisputable
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In the analysis of the primary studies, we were able to detect an association between
the N95 mask and headaches. In six out of 10 studies, the significant headache appeared in
conjunction with the N95 mask (60% of all studies, Figure 2).

3.4. Psychological Side Effects and Dangers

According to an experimental study, wearing surgical masks and N95 masks can also
lead to a reduced quality of life owing to reduced cardiopulmonary capacity [31]. Masks,
along with causing physiological changes and discomfort with progressive length of use,
can also lead to significant discomfort (p < 0.03 to p < 0.0001) and a feeling of exhaustion
(p < 0.05 to 0.0001) [69].

Besides the shift in blood gases towards hypercapnia (increase in CO2) and hypoxia
(decrease in O2), detailed under general physiological effects (Section 3.1), masks also
restrict the cognitive abilities of the individual (measured using a Likert scale survey)
accompanied by a decline in psycho-motoric abilities and consequently a reduced re-
sponsiveness (measured using a linear position transducer) as well as an overall reduced
performance capability (measured with the Roberge Subjective Symptoms-during-Work
Scale) [29,32,38,39,41].

The mask also causes an impaired field of vision (especially affecting the ground
and obstacles on the ground) and also presents an inhibition to habitual actions such
as eating, drinking, touching, scratching and cleaning the otherwise uncovered part of
the face, which is consciously and subconsciously perceived as a permanent disturbance,
obstruction and restriction [36]. Wearing masks, thus, entails a feeling of deprivation of
freedom and loss of autonomy and self-determination, which can lead to suppressed anger
and subconscious constant distraction, especially as the wearing of masks is mostly dictated
and ordered by others [70,71]. These perceived interferences of integrity, self-determination
and autonomy, coupled with discomfort, often contribute to substantial distraction and
may ultimately be combined with the physiologically mask-related decline in psycho-
motoric abilities, reduced responsiveness and an overall impaired cognitive performance.
It leads to misjudging situations as well as delayed, incorrect and inappropriate behavior
and a decline in the effectiveness of the mask wearer [36,37,39–41].

The use of masks for several hours often causes further detectable adverse effects
such as headaches, local acne, mask-associated skin irritation, itching, sensations of heat
and dampness, impairments and discomfort predominantly affecting the head and face
[19,29,35–37,71–73]. However, the head and face are significant for well-being due to their
large representation in the sensitive cerebral cortex (homunculus) [36].

According to a questionnaire survey, masks also frequently cause anxiety and psycho-
vegetative stress reactions in children—as well as in adults—with an increase in psycho-
somatic and stress-related illnesses and depressive self-experience, reduced participation,
social withdrawal and lowered health-related self-care [74]. Over 50% of the mask wearers
studied had at least mild depressive feelings [74]. Additional fear-inducing and often
exaggerated media coverage can further intensify this. A recent retrospective analysis
of the general media in the context of the 2014 Ebola epidemic showed a scientific truth
content of only 38% of all publicly published information [75]. Researchers classified a total
of 28% of the information as provocative and polarizing and 42% as exaggerating risks. In
addition, 72% of the media content aimed to stir up health-related negative feelings. The
feeling of fear, combined with insecurity and the primal human need to belong [76], causes
a social dynamic that seems partly unfounded from a medical and scientific point of view.

The mask, which originally served purely hygienic purpose, has been transformed
into a symbol of conformity and pseudo-solidarity. The WHO, for example, lists the
advantages of the use of masks by healthy people in public to include a potentially reduced
stigmatization of mask wearers, a sense of contribution to preventing the spread of the
virus and a reminder to comply with other measures [2].

wearing surgical masks and N95 masks can also
lead to a reduced quality of life owing to reduced cardiopulmonary capacity [31]. Masks,
along with causing physiological changes and discomfort with progressive length of use,
can also lead to significant discomfort (p < 0.03 to p < 0.0001) and a feeling of exhaustion

masks also
restrict the cognitive abilities of the individual (measured using a Likert scale survey)
accompanied by a decline in psycho-motoric abilities and consequently a reduced re-
sponsiveness (measured using a linear position transducer) as well as an overall reduced
performance capability

Wearing masks, thus, entails a feeling of deprivation of
freedom and loss of autonomy and self-determination, which can lead to suppressed anger
and subconscious constant distraction, especially as the wearing of masks is mostly dictated
and ordered by others [70,71]. These perceived interferences of integrity, self-determination
and autonomy, coupled with discomfort, often contribute to substantial distraction and
may ultimately be combined with the physiologically mask-related decline in psycho-
motoric abilities, reduced responsiveness and an overall impaired cognitive performance.
It leads to misjudging situations as well as delayed, incorrect and inappropriate behavior

The use of masks for several hours often causes further detectable adverse effects
such as headaches, local acne, mask-associated skin irritation, itching, sensations of heat
and dampness, impairments and discomfort predominantly affecting the head and face

y, masks also frequently cause anxiety and psycho-
vegetative stress reactions in children—as well as in adults—with an increase in psycho-
somatic and stress-related illnesses and depressive self-experience, reduced participation,
social withdrawal and lowered health-related self-care [74]. Over 50% of the mask wearers
studied had at least mild depressive feelings
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3.5. Psychiatric Side Effects and Dangers

As explained earlier, masks can cause increased rebreathing with an accumulation of
carbon dioxide in the wearer due to increased dead space volume [16–18,20] (Figure 3),
with often statistically significant measurable elevated blood carbon dioxide (CO2) levels
in sufferers [13,15,17,19–28] (Figure 2). However, changes that lead to hypercapnia are
known to trigger panic attacks [77,78]. This makes the significantly measurable increase in
CO2 caused by wearing a mask clinically relevant.

Interestingly, breath provocation tests by inhaling CO2 are used to differentiate anxi-
ety states in panic disorders and premenstrual dysphoria from other psychiatric clinical
pictures. Here, absolute concentrations of 5% CO2 already suffice to trigger panic reactions
within 15–16 min [77]. The normal exhaled air content of CO2 is about 4%.

It is obvious from experimental studies on masked subjects that concentration changes
in the respiratory gases in the above-mentioned range with values above 4% could occur
during rebreathing with prolonged mask use [18,23].

The activation of the locus coeruleus by CO2 is used to generate panic reactions via
respiratory gases [78,79]. This is because the locus coeruleus is an important part of the
system of vegetative noradrenergic neurons, a control center in the brainstem, which reacts
to an appropriate stimulus and changes in the gas concentrations in the blood by releasing
the stress hormone noradrenaline [78].

From the physiological, neurological and psychological side effects and dangers
described above (Sections 3.1, 3.3 and 3.4), additional problems can be derived for the
use of masks in psychiatric cases. People undergoing treatment for dementia, paranoid
schizophrenia, personality disorders with anxiety and panic attacks, but also panic disor-
ders with claustrophobic components, are difficult to reconcile with a mask requirement,
because even small increases in CO2 can cause and intensify panic attacks [44,77–79].

According to a psychiatric study, patients with moderate to severe dementia have no
understanding of COVID-19 protection measures and have to be persuaded to wear masks
constantly [80].

According to a comparative study, patients with schizophrenia have a lower accep-
tance of mask-wearing (54.9% agreement) than ordinary practice patients (61.6%) [81]. The
extent to which mask-wearing can lead to an exacerbation of schizophrenia symptoms has
not yet been researched in detail.

When wearing masks, confusion, impaired thinking, disorientation (standardized
recording via special rating and Likert scales, p < 0.05) and in some cases a decrease in
maximum speed and reaction time (measured with the linear-position transducer, p < 0.05)
were observed [19,32,36,38–41]. Psychotropic drugs reduce psycho-motoric functions in
psychiatric patients. This can become clinically relevant especially with regard to the
further reduced ability to react and the additional increased susceptibility to accidents of
such patients when wearing masks.

In order to avoid an unintentional CO2-triggered anesthesia [39], fixed and medi-
cally sedated patients, without the possibility of continuous monitoring, should not be
masked according to the criteria of the Centers for Disease Control and Prevention, USA
(CDC). This is because of the possible CO2 retention described above, as there is a risk of
unconsciousness, aspiration and asphyxia [16,17,20,38,82,83].

3.6. Gynaecological Side Effects and Dangers

As a critical variable, a low blood carbon dioxide level in pregnant women is main-
tained via an increased respiratory minute volume, stimulated by progesterone [22]. For
a pregnant woman and her unborn child, there is a metabolic need for a fetal–maternal
carbon dioxide (CO2) gradient. The mother’s blood carbon dioxide level should always be
lower than that of the unborn child in order to ensure the diffusion of CO2 from the fetal
blood into the maternal circulation via the placenta.

Therefore, mask-related phenomena described above (Sections 3.1 and 3.2), such as
the measurable changes in respiratory physiology with increased breathing resistance,

changes that lead to hypercapnia are
known to trigger panic attacks [77,78]. This makes the significantly measurable increase in
CO2 caused by wearing a mask clinically relevant.

absolute concentrations of 5% CO2 already suffice to trigger panic reactions
within 15–16 min

The activation of the locus coeruleus byy CO2 is used to generate panic reactions via
respiratory gases

From the physiological, neurological and psychological side effects and dangers
described above (Sections 3.1, 3.3 and 3.4), additional problems can be derived for the
use of masks in psychiatric cases. People undergoing treatment for dementia, paranoid
schizophrenia, personality disorders with anxiety and panic attacks, but also panic disor-
ders with claustrophobic components, are difficult to reconcile with a mask requirement,
because even small increases inn CO2 can cause and intensify panic attacks
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increased dead space volume (Figure 3) and the retention of exhaled carbon dioxide (CO2)
are of importance. If CO2 is increasingly rebreathed under masks, this manifestation
could, even with subliminal carbon dioxide increases, act as a disturbing variable of
the fetal–maternal CO2 gradient increasing over time of exposure and, thus, develop
clinical relevance, also with regard to a reduced compensation reserve of the expectant
mothers [20,22,28].

In a comparative study, 22 pregnant women wearing N95 masks during 20 min
of exercise showed significantly higher percutaneous CO2 values, with average PtcCO2
values of 33.3 mmHg compared to 31.3 mmHg than in 22 pregnant women without masks
(p = 0.04) [22]. The heat sensation of the expectant mothers was also significantly increased
with masks, with p < 0.001 [22].

Accordingly, in another intervention study, researchers demonstrated that breathing
through an N95 mask (FFP2 equivalent) impeded gas exchange in 20 pregnant women at
rest and during exercise, causing additional stress on their metabolic system [28]. Thus,
under an N95 mask, 20 pregnant women showed a decrease in oxygen uptake capacity VO2
of about 14% (statistically significant, p = 0.013) and a decrease in carbon dioxide output
capacity VCO2 of about 18% (statistically significant, p = 0.001). Corresponding significant
changes in exhaled oxygen and carbon dioxide equivalents were also documented with
increases in exhaled carbon dioxide (FeCO2) (p < 0.001) and decreases in exhaled oxygen
(FeO2) (p < 0.001), which were explained by an altered metabolism due to respiratory mask
obstruction [28].

In experiments with predominantly short mask application times, neither the mothers
nor the fetuses showed statistically significant increases in heart rates or changes in respira-
tory rates and oxygen saturation values. However, the exact effects of prolonged mask use
in pregnant women remain unclear overall. Therefore, in pregnant women, extended use
of surgical and N95 masks is viewed critically [20].

In addition, it is unclear whether the substances contained in industrially manufac-
tured masks that can be inhaled over longer periods of time (e.g., formaldehyde as an
ingredient of the textile and thiram as an ingredient of the ear bands) are teratogenic [20,84].

3.7. Dermatological Side Effects and Dangers

Unlike garments worn over closed skin, masks cover body areas close to the mouth
and nose, i.e., body parts that are involved with respiration.

Inevitably, this leads not only to a measurable temperature rise [15,44,85], but also
to a severe increase in humidity due to condensation of the exhaled air, which in turn
changes the natural skin milieu considerably of perioral and perinasal areas [36,61,82]. It
also increases the redness, pH-value, fluid loss through the skin epithelium, increased
hydration and sebum production measurably [73]. Preexisting skin diseases are not only
perpetuated by these changes, but also exacerbated. In general, the skin becomes more
susceptible to infections and acne.

The authors of an experimental study were able to prove a disturbed barrier function
of the skin after only 4 h of wearing a mask in 20 healthy volunteers, both for surgical
masks and for N95 masks [73]. In addition, germs (bacteria, fungi and viruses) accumulate
on the outside and inside of the masks due to the warm and moist environment [86–89].
They can cause clinically relevant fungal, bacterial or viral infections. The unusual increase
in the detection of rhinoviruses in the sentinel studies of the German Robert Koch Institute
(RKI) from 2020 [90] could be another indication of this phenomenon.

In addition, a region of the skin that is not evolutionarily adapted to such stimuli
is subjected to increased mechanical stress. All in all, the above-mentioned facts cause
the unfavorable dermatological effects with mask related adverse skin reactions like acne,
rashes on the face and itch symptoms [91].

A Chinese research group reported skin irritation and itching when using N95 masks
among 542 test participants and also a correlation between the skin damage that occurred
and the time of exposure (68.9% at ≤6 h/day and 81.7% at >6 h/day) [92].

. If CO2 is increasingly rebreathed under masks, this manifestation
could, even with subliminal carbon dioxide increases, act as a disturbing variable of
the fetal–maternal CO2 gradient increasing over time of exposure and, thus, develop
clinical relevance, also with regard to a reduced compensation reserve of the expectant
mothers

the exact effects of prolonged mask use
in pregnant women remain unclear overall. Therefore, in pregnant women, extended use
of surgical and N95 masks is viewed critically

In general, the skin becomes more
susceptible to infections and acne.

In addition, germs (bacteria, fungi and viruses) accumulate
on the outside and inside of the masks due to the warm and moist environment [86–89].
They can cause clinically relevant fungal, bacterial or viral infections.

All in all, the above-mentioned facts cause
the unfavorable dermatological effects with mask related adverse skin reactions like acne,
rashes on the face and itch symptoms
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A New York study evaluated in a random sample of 343 participants the effects of
frequent wearing of surgical mask type and N95 masks among healthcare workers during
the COVID-19 pandemic. Wearing the masks caused headache in 71.4% of participants, in
addition to drowsiness in 23.6%, detectable skin damage in 51% and acne in 53% of mask
users [37].

On the one hand, direct mechanical skin lesions occur on the nose and cheekbones
due to shear force, especially when masks are frequently put on and taken off [37,92].

On the other hand, masks create an unnaturally moist and warm local skin envi-
ronment [29,36,82]. In fact, scientists were able to demonstrate a significant increase in
humidity and temperature in the covered facial area in another study in which the test
individuals wore masks for one hour [85]. The relative humidity under the masks was mea-
sured with a sensor (Atmo-Tube, San Francisco, CA, USA). The sensation of humidity and
temperature in the facial area is more crucial for well-being than other body regions [36,44].
This can increase discomfort under the masks. In addition, the increase in temperature
favors bacterial optimization.

The pressure of the masks also causes an obstruction of the flow physiology of lymph
and blood vessels in the face, with the consequence of increased disturbance of skin
function [73] and ultimately also contributing to acne in up to 53% of all wearers and other
skin irritations in up to 51% of all wearers [36,37,82].

Other researchers examined 322 participants with N95 masks in an observational
study and detected acne in up to 59.6% of them, itching in 51.4% and redness in 35.8% as
side effects [72].

In up to 19.6% (273) of the 1393 wearers of different masks (community masks, surgical,
N95 masks), itching could be objectified in one study, in 9% even severely. An atopic
predisposition (allergy tendency) correlated with the risk of itching. The length of use was
significantly related to the risk of itching (p < 0.0001) [93].

In another dermatological study from 2020, 96.9% of 876 users of all mask types (com-
munity masks, surgical masks, N95 masks) confirmed adverse problems with a significant
increase in itching (7.7%), accompanied by fogging-up of glasses (21.3%), flushing (21.3%),
slurred speech (12.3%) and difficulty breathing (35.9%) (p < 0.01) [71].

Apart from an increased incidence of acne [37,72,91] under masks, contact eczema and
urticaria [94] are generally described in connection with hypersensitivities to ingredients
of the industrially manufactured masks (surgical mask and N95) such as formaldehyde
(ingredient of the textile) and thiram (ingredient of the ear bands) [73,84]. The hazardous
substance thiram, originally a pesticide and corrosive, is used in the rubber industry as
a optimization accelerator. Formaldehyde is a biocide and carcinogen and is used as a
disinfectant in the industry.

Even isolated permanent hyperpigmentation as a result of post-inflammatory or
pigmented contact dermatitis has been described by dermatologists after prolonged mask
use [72,91].

3.8. ENT and Dental Side Effects and Dangers

There are reports from dental communities about negative effects of masks and are
accordingly titled “mask mouth” [95]. Provocation of gingivitis (inflammation of the
gums), halitosis (bad breath), candidiasis (fungal infestation of the mucous membranes
with Candida albicans) and cheilitis (inflammation of the lips), especially of the corners
of the mouth, and even plaque and caries are attributed to the excessive and improper
use of masks. The main trigger of the oral diseases mentioned is an increased dry mouth
due to a reduced saliva flow and increased breathing through the open mouth under
the mask. Mouth breathing causes surface dehydration and reduced salivary flow rate
(SFR) [95]. Dry mouth is scientifically proven due to mask wear [29]. The bad habit of
breathing through the open mouth while wearing a mask seems plausible because such
breathing pattern compensates for the increased breathing resistance, especially when
inhaling through the masks [60,61]. In turn, the outer skin moisture [71,73,85] with altered

Wearing the masks caused headache in 71.4% of participants, in
addition to drowsiness in 23.6%, detectable skin damage in 51% and acne in 53% of mask
users [

masks create an unnaturally moist and warm local skin envi-
ronment [29,36,82]. In fact, scientists were able to demonstrate a significant increase in
humidity and temperature in the covered facial area in another study in which the test
individuals wore masks for one hour

There are reports from dental communities about negative effects of masks and are
accordingly titled “mask mouth” [95]. Provocation of gingivitis (inflammation of the
gums), halitosis (bad breath), candidiasis (fungal infestation of the mucous membranes
with Candida albicans) and cheilitis (inflammation of the lips), especially of the corners
of the mouth, and even plaque and caries are attributed to the excessive and improper
use of masks. The main trigger of the oral diseases mentioned is an increased dry mouth
due to a reduced saliva flow and increased breathing through the open mouth under
the mask.
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skin flora, which has already been described under dermatological side effects (Section 3.7),
is held responsible as an explanation for the inflammation of the lips and corners of the
mouth (cheilitis) [95]. This clearly shows the disease-promoting reversal of the natural
conditions caused by masks. The physiological internal moisture with external dryness in
the oral cavity converts into internal dryness with external moisture.

ENT physicians recently discovered a new form of irritant rhinitis due to N95 mask
use in 46 patients. They performed endoscopies and nasal irrigations on mask wearers,
which were subsequently assessed pathologically. Clinical problems were recorded with
standardized questionnaires. They found statistically significant evidence of mask-induced
rhinitis and itching and swelling of the mucous membranes as well as increased sneezing
(p < 0.01). Endoscopically, it showed an increased secretion and evidence of inhaled mask
polypropylene fibers as the trigger of mucosal irritation [96].

In a study of 221 health care workers, ENT physicians objectified a voice disorder
in 33% of mask users. The VHI-10 score of 1 to 10, which measures voice disorders, was
on average 5.72 higher in these mask users (statistically significant with p < 0.001). The
mask not only acted as an acoustic filter, provoking excessively loud speech, it also seems
to trigger impaired vocal cord coordination because the mask compromises the pressure
gradients required for undisturbed speech [43]. The researchers concluded from their
findings that masks could pose a potential risk of triggering new voice disorders as well as
exacerbating existing ones.

3.9. Sports Medicine Side Effects and Dangers

According to the literature, performance-enhancing effects of masks regarding cardio-
vascular optimization and improvement of oxygen uptake capacity cannot be proven.

For example, in an experimental reference study (12 subjects per group), the training
mask that supposedly mimics altitude training (ETM: elevation training mask) only had
training effects on the respiratory muscles. However, mask wearers showed significantly
lower oxygen saturation values (SpO2%) during exercise (SpO2 of 94% for mask wearers
versus 96% for mask-less, p < 0.05) [33], which can be explained by an increased dead space
volume and increased resistance during breathing. The measured oxygen saturation values
were significantly lower than the normal values in the group of mask wearers, which
indicates a clinical relevance.

The proven adaptation effect of the respiratory muscles in healthy athletes [33] clearly
suggests that masks have a disruptive effect on respiratory physiology.

In another intervention study on mask use in weightlifters, researchers documented
statistically significant effects of reduced attention (questionnaire recording, Likert scale)
and a slowed maximum speed of movement detectable by means of sensors (both sig-
nificant at p < 0.001), leading the researchers to conclude that mask use in sport is not
without risks. As a secondary finding, they also detected a significant decrease in oxygen
saturation SpO2 when performing special weight-lifting exercises (“back squats”) in the
mask group after only 1 min of exercise compared to the mask-free group (p < 0.001) [32].
The proven tendency of the masks to shift the chemical parameter oxygen saturation SpO2
in a pathological direction (lower limit value 95%) may well have clinical relevance in
untrained or sick individuals.

Sports medicine confirmed an increase in carbon dioxide (CO2) retention, with an ele-
vation in CO2 partial pressure in the blood with larger respiratory dead space volumes [14].

In fact, dead space-induced CO2 retention while wearing a mask during exercise was
also experimentally proven. The effects of a short aerobic exercise under N95 masks were
tested on 16 healthy volunteers. A significantly increased end-expiratory partial pressure
of carbon dioxide (PETCO2) with plus 8 mmHg (p < 0.001) was found [24]. The increase in
blood carbon dioxide (CO2) in the mask wearers under maximum load was plus 14% CO2
for surgical masks and plus 23% CO2 for N95 masks, an effect that may well have clinical
relevance in the pre-diseased, elderly and children, as these values strongly approached
the pathological range [24].

This clearly shows the disease-promoting reversal of the natural
conditions caused by masks.

In a study of 221 health care workers, ENT physicians objectified a voice disorder
in 33% of mask users.

The
mask not only acted as an acoustic filter, provoking excessively loud speech, it also seems
to trigger impaired vocal cord coordination because the mask compromises the pressure
gradients required for undisturbed speech [43]. The researchers concluded from their
findings that masks could pose a potential risk of triggering new voice disorders as well as
exacerbating existing ones.

The proven adaptation effect of the respiratory muscles in healthy athletes [33] clearly
suggests that masks have a disruptive effect on respiratory physiology.
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In an interesting endurance study with eight middle-aged subjects (19–66), the gas
content for O2 and CO2 under the masks was determined before and after exercise. Even at
rest, the oxygen availability under the masks was 13% lower than without the masks and
the carbon dioxide (CO2) concentration was 30 times higher. Under stress (Ruffier test),
the oxygen concentration (% O2) below the mask dropped significantly by a further 3.7%,
while the carbon dioxide concentration (% CO2) increased significantly by a further 20%
(statistically significant with p < 0.001). Correspondingly, the oxygen saturation of the blood
(SpO2) of the test persons also decreased significantly from 97.6 to 92.1% (p < 0.02) [18].
The drop in the oxygen saturation value (SpO2) to 92%, clearly below the normal limit of
95%, is to be classified as clinically relevant and detrimental to health.

These facts are an indication that the use of masks also triggers the effects described
above leading to hypoxia and hypercapnia in sports. Accordingly, the WHO and Centers
for Disease Control and Prevention, GA, USA (CDC) advise against wearing masks during
physical exercise [82,97].

3.10. Social and Sociological Side Effects and Dangers

The results of a Chilean study with health care workers show that masks act like an
acoustic filter and provoke excessively loud speech. This causes a voice disorder [43]. The
increased volume of speech also contributes to increased aerosol production by the mask
wearer [98]. These experimental data measured with the Aerodynamic Particle Sizer (APS,
TSI, model 332, TSI Incorporated, Minnesota, MI, USA) are highly relevant.

Moreover, mask wearers are prevented from interacting normally in everyday life due
to impaired clarity of speech [45], which tempts them to get closer to each other.

This results in a distorted prioritization in the general public, which counteracts the
recommended measures associated with the COVID-19 pandemic. The WHO prioritizes
social distancing and hand hygiene with moderate evidence and recommends wearing a
mask with weak evidence, especially in situations where individuals are unable to maintain
a physical distance of at least 1 m [3].

The disruption of non-verbal communication due to the loss of facial expression
recognition under the mask can increase feelings of insecurity, discouragement and numb-
ness as well as isolation, which can be extremely stressful for the mentally and hearing-
impaired [16].

Experts point out that masks disrupt the basics of human communication (verbal
and nonverbal). The limited facial recognition caused by masks leads to a suppression
of emotional signals. Masks, therefore, disrupt social interaction, erasing the positive
effect of smiles and laughter but at the same time greatly increasing the likelihood of
misunderstandings because negative emotions are also less evident under masks [42].

A decrease in empathy perception through mask use with disruption of the doctor–
patient relationship has already been scientifically proven on the basis of a randomized
study (statistically significant, with p = 0.04) [99]. In this study, the Consultation Empathy
Care Measury, the Patient Enablement Instrument (PEI) Score and a Satisfaction Rating
Scale were assessed in 1030 patients. The 516 doctors, who wore masks throughout,
conveyed reduced empathy towards the patients and, thus, nullified the positive health-
promoting effects of a dynamic relationship. These results demonstrate a disruption of
interpersonal interaction and relationship dynamics caused by masks.

The WHO guidance on the use of masks in children in the community, published
in August 2020, points out that the benefits of mask use in children must be weighed up
against the potential harms, including social and communicational concerns [100].

Fears that widespread pandemic measures will lead to dysfunctional social life with
degraded social, cultural and psychological interactions have also been expressed by other
experts [6–8,42].

Even at
rest, the oxygen availability under the masks was 13% lower than without the masks and
the carbon dioxide ((CO2) concentration was 30 times higher. Under
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3.11. Social and Occupational Medicine Side Effects and Hazards

In addition to mask-specific complaints such as a feeling of heat, dampness, shortness
of breath and headache, various physiological phenomena were documented, such as
the significant increase in heart and respiratory rate, the impairment of lung function
parameters, the decrease in cardiopulmonary capacity (e.g., lower maximum blood lactate
response) [15,19,21,23,29–31], as well as the changes in oxygen and carbon dioxide both
in the end-expiratory and the air under the mask that was measured in the blood of the
individuals [13,15,18,19,21–25,27–34]. The significant changes were measurable after only
a few minutes of wearing a mask and in some cases reached magnitudes of minus 13%
reduced O2 concentration and 30-fold increased CO2 concentration of the inhaled air under
masks (p < 0.001) [18]. The changes observed were not only statistically significant, but also
clinically relevant; the subjects also showed pathological oxygen saturation after exposure
to masks (p < 0.02) [18].

Shortness of breath during light exertion (6 min walking) under surgical masks has
been recorded with statistical significance in 44 healthy subjects in a prospective experi-
mental intervention study (p < 0.001) [101]. Here, the complaints were assessed using a
subjective, visual analogue scale.

In another study from 2011, all tested masks caused a significantly measurable increase
in discomfort and a feeling of exhaustion in the 27 subjects during prolonged usage
(p < 0.0001) [69].

These symptoms lead to additional stress for the occupational mask wearer and, thus,
in relation to the feeling of exhaustion, contribute to the self-perpetuating vicious circle
caused by the vegetative sympathetic activation, which further increases the respiratory
and heart rate, blood pressure and increased sense of exhaustion [16,20,35,83].

Other studies showed that the psychological and physical effects of the masks can lead
to an additional reduction in work performance (measured with the Roberge Subjective
Symptoms-during-Work Scale, a Likert scale of 1–5) via increased feelings of fatigue,
dissatisfaction and anxiety [58,102,103].

Wearing masks over a longer period of time also led to physiological and psycholog-
ical impairments in other studies and, thus, reduced work performance [19,36,58,69]. In
experiments on respiratory-protective equipment, an increase in the dead space volume
by 350 mL leads to a reduction in the possible performance time by approx. −19%, fur-
thermore to a decrease in breathing comfort by −18% (measured via a subjective rating
scale) [58]. In addition, the time spent working and the flow of work is interrupted and
reduced by putting on and taking off the masks and changing them. The reduced work
performance has been recorded in the literature found as described above (especially in
Sections 3.1 and 3.2) but has not been quantified further in detail [36,58].

Surgical mask type and N95 protective equipment frequently caused adverse effects
in medical personnel such as headaches, breathing difficulties, acne, skin irritation, itch-
ing, decreased alertness, decreased mental performance and feelings of dampness and
heat [19,29,37,71,85]. Subjective, work performance-reducing, mask-related impairments
in users, measured with special survey scores and Likert scales, have also been described
in other studies [15,21,27,32,35,43,66–68,72,96,99].

In Section 3.7 on dermatology, we already mentioned a paper that demonstrated a
significant temperature increase of 1.9 ◦C on average (to over 34.5 ◦C) in the mask-covered
facial area (p < 0.05) [85]. Due to the relatively larger representation in the sensitive cerebral
cortex (homunculus), the temperature sensation in the face is more decisive for the feeling
of well-being than other body regions [36,44]. The perception of discomfort when wearing
a mask can, thus, be intensified. Interestingly, in our analysis, we found a combined
occurrence of the physical variable temperature rise under the mask and the symptom
respiratory impairment in seven of eight studies concerned, with a mutual significantly
measured occurrence in 88%. We also detected a combined occurrence of significantly
measured temperature rise under the mask and significantly measured fatigue in 50% of
the relevant primary studies (three of six papers, Figure 2). These clustered associations of
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temperature rise with symptoms of respiratory impairment and fatigue suggest a clinical
relevance of the detected temperature rise under masks. In the worst case scenario, the
effects mentioned can reinforce each other and lead to decompensation, especially in the
presence of COPD, heart failure and respiratory insufficiency.

The sum of the disturbances and discomforts that can be caused by a mask also
contributes to distraction (see also psychological impairment). These, in conjunction
with a decrease in psycho-motoric skills, reduced responsiveness and overall impaired
cognitive performance (all of which are pathophysiological effects of wearing a mask)
[19,29,32,39–41] can lead to a failure to recognize hazards and, thus, to accidents or avoid-
able errors at work [19,36,37]. Of particular note here are mask-induced listlessness
(p < 0.05), impaired thinking (p < 0.05) and concentration problems (p < 0.02) as mea-
sured by a Likert scale (1–5) [29]. Accordingly, occupational health regulations take action
against such scenarios. The German Industrial Accident Insurance (DGUV) has precise
and extensive regulations for respiratory protective equipment where they document the
limitation of wearing time, levels of work intensity and defined instruction obligation [104].

The standards and norms prescribed in many countries regarding different types of
masks to protect their workers are also significant from an occupational health point of
view [105]. In Germany, for example, there are very strict safety specifications for masks
from other international countries. These specify the requirements for the protection of
the wearer [106]. All these standards and the accompanying certification procedures were
increasingly relaxed with the introduction of mandatory masks for the general public. This
meant that non-certified masks such as community masks were also used on a large scale in
the work and school sectors for longer periods during the pandemic measures [107]. Most
recently, in October 2020, the German Social Accident Insurance (DGUV) recommended
the same usage time limits for community masks as for filtering half masks, namely, a
maximum of three shifts of 120 min per day with recovery breaks of 30 min in between.
In Germany, FFP2 (N95) masks must be worn for 75 min, followed by a 30-minute break.
An additional suitability examination by specialized physicians is also obligatory and
stipulated for occupationally used respirators [104].

3.12. Microbiological Consequences for Wearer and Environment: Foreign/Self-Contamination

Masks cause retention of moisture [61]. Poor filtration performance and incorrect use
of surgical masks and community masks, as well as their frequent reuse, imply an increased
risk of infection [108–110]. The warm and humid environment created by and in masks
without the presence of protective mechanisms such as antibodies, the complement system,
defense cells and pathogen-inhibiting and on a mucous membrane paves the way for
unimpeded growth and, thus, an ideal growth and breeding ground for various pathogens
such as bacteria and fungi [88] and also allows viruses to accumulate [87]. The warm and
humid mask microclimate favors the accumulation of various germs on and underneath
the masks [86], and the germ density is measurably proportional to the length of time the
mask is worn. After only 2 h of wearing the mask, the pathogen density increases almost
tenfold in experimental observation studies [87,89].

From a microbiological and epidemiological point of view, masks in everyday use
pose a risk of contamination. This can occur as foreign contamination but also as self-
contamination. On the one hand, germs are sucked in or attach themselves to the masks
through convection currents. On the other hand, potential infectious agents from the
nasopharynx accumulate excessively on both the outside and inside of the mask during
breathing [5,88]. This is compounded by contact with contaminated hands. Since masks
are constantly penetrated by germ-containing breath and the pathogen reproduction rate is
higher outside mucous membranes, potential infectious pathogens accumulate excessively
on the outside and inside of masks. On and in the masks, there are quite serious, potentially
disease-causing bacteria and fungi such as E. coli (54% of all germs detected), Staphylococ-
cus aureus (25% of all germs detected), Candida (6%), Klebsiella (5%), Enterococci (4%),
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cus aureus (25% of all germs detected), Candida (6%), Klebsiella (5%), Enterococci (4%),
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Pseudomonads (3%), Enterobacter (2%) and Micrococcus (1%) even detectable in large
quantities [88].

In another microbiological study, the bacterium Staphylococcus aureus (57% of all
bacteria detected) and the fungus Aspergillus (31% of all fungi detected) were found to be
the dominant germs on 230 surgical masks examined [86].

After more than six hours of use, the following viruses were found in descending order
on 148 masks worn by medical personnel: adenovirus, bocavirus, respiratory syncytial
virus and influenza viruses [87].

From this aspect, it is also problematic that moisture distributes these potential
pathogens in the form of tiny droplets via capillary action on and in the mask, whereby
further proliferation in the sense of self- and foreign contamination by the aerosols can then
occur internally and externally with every breath [35]. In this regard, it is also known from
the literature that masks are responsible for a proportionally disproportionate production
of fine particles in the environment and, surprisingly, much more so than in people without
masks [98].

It was shown that all mask-wearing subjects released significantly more smaller
particles of size 0.3–0.5 μm into the air than mask-less people, both when breathing,
speaking and coughing (fabric, surgical, N95 masks, measured with the Aerodynamic
Particle Sizer, APS, TS, model 3329) [98]. The increase in the detection of rhinoviruses in
the sentinel studies of the German RKI from 2020 [90] could be a further indication of this
phenomenon, as masks were consistently used by the general population in public spaces
in that year.

3.13. Epidemiological Consequences

The possible side effects and dangers of masks described in this paper are based on
studies of different types of masks. These include the professional masks of the surgical
mask type and N95/KN95 (FFP2 equivalent) that are commonly used in everyday life, but
also the community fabric masks that were initially used. In the case of N95, the N stands
for National Institute for Occupational Safety and Health of the United States (NIOSH),
and 95 indicates the 95 per cent filtering capacity for fine particles up to at least 0.3 μm [82].

A major risk of mask use in the general public is the creation of a false sense of
security with regard to protection against viral infections, especially in the sense of a falsely
assumed strong self-protection. Disregarding infection risks may not only neglect aspects
of source control, but also result in other disadvantages. Although there are quite a few
professional positive accounts of the widespread use of masks in the general populace [111],
most of the serious and evident scientific reports conclude that the general obligation to
wear masks conveys a false sense of security [4,5]. However, this leads to a neglect of
those measures that, according to the WHO, have a higher level of effectiveness than mask-
wearing: social distancing and hand hygiene [2,112]. Researchers were able to provide
statistically significant evidence of a false sense of security and more risky behavior when
wearing masks in an experimental setting [112].

Decision makers in many countries informed their citizens early on in the pandemic in
March 2020 that people without symptoms should not use a medical mask, as this created
a false sense of security [113]. The recommendation was ultimately changed in many
countries. At least Germany pointed out that wearers of certain types of masks such as the
common fabric masks (community masks) cannot rely on them to protect them or others
from transmission of SARS-CoV-2 [114].

However, scientists not only complain about the lack of evidence for fabric masks in
the scope of a pandemic [16,110], but also about the high permeability of fabric masks with
particles and the potential risk of infection they pose [108,109]. Ordinary fabric masks with
a 97% penetration for particle dimensions of ≥0.3 μm are in stark contrast to medical-type
surgical masks with a 44% penetration. In contrast, the N95 mask has a penetration rate of
less than 0.01% for particles ≥ 0.3 μm in the laboratory experiment [108,115].

Pseudomonads (3%), Enterobacter (2%) and Micrococcus (1%) even detectable in large
quantities
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For the clinical setting in hospitals and outpatient clinics, the WHO guidelines recom-
mend only surgical masks for influenza viruses for the entire patient treatment except for
the strongly aerosol-generating measures, for which finer filtering masks of the type N95
are suggested. However, the WHO’s endorsement of specific mask types is not entirely
evidence-based due to the lack of high-quality studies in the health sector [108,109,116,117].

In a laboratory experiment (evidence level IIa study), it was demonstrated that both
surgical masks and N95 masks have deficits in protection against SARS-CoV-2 and in-
fluenza viruses using virus-free aerosols [118]. In this study, the FFP2-equivalent N95 mask
performed significantly better in protection (8–12 times more effective) than the surgical
mask, but neither mask type established reliable, hypothesis-generated protection against
corona and influenza viruses. Both mask types could be penetrated unhindered by aerosol
particles with a diameter of 0.08 to 0.2 μm. Both the SARS-CoV-2 pathogens with a size of
0.06 to 0.14 μm [119] and the influenza viruses with 0.08 to 0.12 μm are unfortunately well
below the mask pore sizes [118].

The filtering capacity of the N95 mask up to 0.3 μm [82] is usually not achieved by
surgical masks and community masks. However, aerosol droplets, which have a diameter
of 0.09 to 3 μm in size, are supposed to serve as a transport medium for viruses. These
also penetrate the medical masks by 40%. Often, there is also a poor fit between the face
and the mask, which further impairs their function and safety [120]. The accumulation
of aerosol droplets on the mask is problematic. Not only do they absorb nanoparticles
such as viruses [6], but they also follow the airflow when inhaling and exhaling, causing
them to be carried further. In addition, a physical decay process has been described for
aerosol droplets at increasing temperatures, as also occurs under a mask [15,44,85]. This
process can lead to a decrease in size of the fine water droplets up to the diameter of a
virus [121,122]. The masks filter larger aerosol droplets but cannot retain viruses themselves
and such smaller, potentially virus-containing aerosol droplets of less than 0.2 μm and
hence cannot stop the spread of virus [123].

Similarly, in an in vivo comparative studies of N95 and surgical masks, there were no
significant differences in influenza virus infection rates [124,125]. Although this contrasts
with encouraging in vitro laboratory results with virus-free aerosols under non-natural
conditions, even with fabric masks [126], it should be noted that under natural in-vivo
conditions, the promising filtration functions of fabric masks based on electrostatic effects
also rapidly diminish under increasing humidity [127]. A Swiss textile lab test of various
masks available on the market to the general public recently confirmed that most mask
types filter aerosols insufficiently. For all but one of the eight reusable fabric mask types
tested, the filtration efficacy according to EN149 was always less than 70% for particles of
1 μm in size. For disposable masks, only half of all eight mask types tested were efficient
enough at filtering to retain 70% of particles 1 μm in size [128].

A recent experimental study even demonstrated that all mask-wearing people (surgi-
cal, N95, fabric masks) release significantly and proportionately smaller particles of size
0.3 to 0.5 μm into the air than mask-less people, both when breathing, speaking and cough-
ing [98]. According to this, the masks act like nebulizers and contribute to the production
of very fine aerosols. Smaller particles, however, spread faster and further than large ones
for physical reasons. Of particular interest in this experimental reference study was the
finding that a test subject wearing a single-layer fabric mask was also able to release a total
of 384% more particles (of various sizes) when breathing than a person without [98].

It is not only the aforementioned functional weaknesses of the masks themselves that
lead to problems, but also their use. This increases the risk of a false sense of security.
According to the literature, mistakes are made by both healthcare workers and lay people
when using masks as hygienically correct mask use is by no means intuitive. Overall,
65% of healthcare professionals and as many as 78% of the general population, use masks
incorrectly [116]. With both surgical masks and N95 masks, adherence to the rules of use is
impaired and not adequately followed due to reduced wearability with heat discomfort and
skin irritation [29,35,116,129]. This is exacerbated by the accumulation of carbon dioxide
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masks available on the market to the general public recently confirmed that most mask
types filter aerosols insufficiently.
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of 384% more particles (of various sizes) when breathing than a person without
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due to the dead space (especially under the N95 masks) with the resulting headaches
described [19,27,37,66–68,83]. Increased heart rate, itching and feelings of dampness
[15,29,30,35,71] also lead to reduced safety and quality during use (see also social and
occupational health side effects and hazards). For this reason, (everyday) masks are even
considered a general risk for infection in the general population, which does not come
close to imitating the strict hygiene rules of hospitals and doctors’ offices: the supposed
safety, thus, becomes a safety risk itself [5].

In a meta-analysis of evidence level Ia commissioned by the WHO, no effect of masks
in the context of influenza virus pandemic prevention could be demonstrated [130]. In
14 randomized controlled trials, no reduction in the transmission of laboratory-confirmed
influenza infections was shown. Due to the similar size and distribution pathways of
the virus species (influenza and Corona, see above), the data can also be transferred to
SARS-CoV-2 [118]. Nevertheless, a combination of occasional mask-wearing with adequate
hand-washing caused a slight reduction in infections for influenza in one study [131].
However, since no separation of hand hygiene and masks was achieved in this study, the
protective effect can rather be attributed to hand hygiene in view of the aforementioned
data [131].

A recently published large prospective Danish comparative study comparing mask
wearers and non-mask wearers in terms of their infection rates with SARS-CoV2 could not
demonstrate any statistically significant differences between the groups [132].

3.14. Paediatric Side Effects and Hazards

Children are particularly vulnerable and may be more likely to receive inappropriate
treatment or additional harm. It can be assumed that the potential adverse mask effects
described for adults are all the more valid for children (see Section 3.1 to Section 3.13:
physiological internal, neurological, psychological, psychiatric, dermatological, ENT, den-
tal, sociological, occupational and social medical, microbiological and epidemiological
impairments and also Figures 2 and 3).

Special attention must be paid to the respiration of children, which represents a critical
and vulnerable physiological variable due to higher oxygen demand, increased hypoxia
susceptibility of the CNS, lower respiratory reserve, smaller airways with a stronger
increase in resistance when the lumen is narrowed. The diving reflex caused by stimulating
the nose and upper lip can cause respiratory arrest to bradycardia in the event of oxygen
deficiency.

The masks currently used for children are exclusively adult masks manufactured in
smaller geometric dimensions and had neither been specially tested nor approved for this
purpose [133].

In an experimental British research study, the masks frequently led to feelings of heat
(p < 0.0001) and breathing problems (p < 0.03) in 100 school children between 8 and 11 years
of age especially during physical exertion, which is why the protective equipment was
taken off by 24% of the children during physical activity [133]. The exclusion criteria for this
mask experiment were lung disease, cardiovascular impairment and claustrophobia [133].

Scientists from Singapore were able to demonstrate in their level Ib study published
in the renowned journal “nature” that 106 children aged between 7 and 14 years who wore
FFP2 masks for only 5 min showed an increase in the inspiratory and expiratory CO2 levels,
indicating disturbed respiratory physiology [26].

However, a disturbed respiratory physiology in children can have long-term disease-
relevant consequences. Slightly elevated CO2 levels are known to increase heart rate, blood
pressure, headache, fatigue and concentration disorders [38].

Accordingly, the following conditions were listed as exclusion criteria for mask
use [26]: any cardiopulmonary disease including but not limited to: asthma, bronchitis,
cystic fibrosis, congenital heart disease, emphysema; any condition that may be aggravated
by physical exertion, including but not limited to: exercise-induced asthma; lower respi-
ratory tract infections (pneumonia, bronchitis within the last 2 weeks), anxiety disorders,
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treatment or additional harm. It can be assumed that the potential adverse mask effects
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diabetes, hypertension or epilepsy/attack disorder; any physical disability due to medical,
orthopedic or neuromuscular disease; any acute upper respiratory illness or symptomatic
rhinitis (nasal obstruction, runny nose or sneezing); any condition with deformity that
affects the fit of the mask (e.g., increased facial hair, craniofacial deformities, etc.).

It is also important to emphasize the possible effects of masks in neurological diseases,
as described earlier (Section 3.3).

Both masks and face shields caused fear in 46% of children (37 out of 80) in a scientific
study. If children are given the choice of whether the doctor examining them should wear
a mask they reject this in 49% of the cases. Along with their parents, the children prefer the
practitioner to wear a face visor (statistically significant with p < 0.0001) [134].

A recent observational study of tens of thousands of mask-wearing children in Ger-
many helped the investigators objectify complaints of headaches (53%), difficulty con-
centrating (50%), joylessness (49%), learning difficulties (38%) and fatigue in 37% of the
25,930 children evaluated. Of the children observed, 25% had new onset anxiety and even
nightmares [135]. In children, the threat scenarios generated by the environment are further
maintained via masks, in some cases, even further intensified, and in this way, existing
stress is intensified (presence of subconscious fears) [16,35,136,137].

This can in turn lead to an increase in psychosomatic and stress-related illnesses [74,75].
For example, according to an evaluation, 60% of mask wearers showed stress levels of the
highest grade 10 on a scale of 1 to a maximum of 10. Less than 10% of the mask wearers
surveyed had a stress level lower than 8 out of a possible 10 [74].

As children are considered a special group, the WHO also issued a separate guideline
on the use of masks in children in the community in August 2020, explicitly advising policy
makers and national authorities, given the limited evidence, that the benefits of mask use
in children must be weighed up against the potential harms associated with mask use. This
includes feasibility and discomfort, as well as social and communication concerns [100].

According to experts, masks block the foundation of human communication and the
exchange of emotions and not only hinder learning but deprive children of the positive
effects of smiling, laughing and emotional mimicry [42]. The effectiveness of masks in
children as a viral protection is controversial, and there is a lack of evidence for their
widespread use in children; this is also addressed in more detail by the scientists of the
German University of Bremen in their thesis paper 2.0 and 3.0 [138].

3.15. Effects on the Environment

According to WHO estimates of a demand of 89 million masks per month, their global
production will continue to increase under the Corona pandemic [139]. Due to the composi-
tion of, e.g., disposable surgical masks with polymers such as polypropylene, polyurethane,
polyacrylonitrile, polystyrene, polycarbonate, polyethylene and polyester [140], an increas-
ing global challenge, also from an environmental point of view, can be expected, especially
outside Europe, in the absence of recycling and disposal strategies [139]. The aforemen-
tioned single use polymers have been identified as a significant source of plastic and plastic
particles for the pollution of all water cycles up to the marine environment [141].

A significant health hazard factor is contributed by mask waste in the form of mi-
croplastics after decomposition into the food chain. Likewise, contaminated macroscopic
disposable mask waste—especially before microscopic decay—represents a widespread
medium for microbes (protozoa, bacteria, viruses, fungi) in terms of invasive pathogens
[86–89,142]. Proper disposal of bio-contaminated everyday mask material is insufficiently
regulated even in western countries.

4. Discussion

The potential drastic and undesirable effects found in multidisciplinary areas illustrate
the general scope of global decisions on masks in general public in the light of combating the
pandemic. According to the literature found, there are clear, scientifically recorded adverse
effects for the mask wearer, both on a psychological and on a social and physical level.

A recent observational study of tens of thousands of mask-wearing children in Ger-
many helped the investigators objectify complaints of headaches (53%), difficulty con-
centrating (50%), joylessness (49%), learning difficulties (38%) and fatigue in 37% of the
25,930 children evaluated. Of the children observed, 25% had new onset anxiety and even
nightmares

60% of mask wearers showed stress levels of the
highest grade 10 on a scale of 1 to a maximum of 10.
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Neither higher level institutions such as the WHO or the European Centre for Disease
Prevention and Control (ECDC) nor national ones, such as the Centers for Disease Control
and Prevention, GA, USA (CDC) or the German RKI, substantiate with sound scientific data
a positive effect of masks in the public (in terms of a reduced rate of spread of COVID-19
in the population) [2,4,5].

Contrary to the scientifically established standard of evidence-based medicine, na-
tional and international health authorities have issued their theoretical assessments on the
masks in public places, even though the compulsory wearing of masks gives a deceptive
feeling of safety [5,112,143].

From an infection epidemiological point of view, masks in everyday use offer the risk
of self-contamination by the wearer from both inside and outside, including via contam-
inated hands [5,16,88]. In addition, masks are soaked by exhaled air, which potentially
accumulates infectious agents from the nasopharynx and also from the ambient air on the
outside and inside of the mask. In particular, serious infection-causing bacteria and fungi
should be mentioned here [86,88,89], but also viruses [87]. The unusual increase in the
detection of rhinoviruses in the sentinel studies of the German RKI from 2020 [90] could
be an indication of this phenomenon. Clarification through further investigations would
therefore be desirable.

Masks, when used by the general public, are considered by scientists to pose a risk
of infection because the standardized hygiene rules of hospitals cannot be followed by
the general public [5]. On top of that, mask wearers (surgical, N95, fabric masks) exhale
relatively smaller particles (size 0.3 to 0.5 μm) than mask-less people and the louder speech
under masks further amplifies this increased fine aerosol production by the mask wearer
(nebulizer effect) [98].

The history of modern times shows that already in the influenza pandemics of
1918–1919, 1957–58, 1968, 2002, in SARS 2004–2005 as well as with the influenza in 2009,
masks in everyday use could not achieve the hoped-for success in the fight against viral
infection scenarios [67,144]. The experiences led to scientific studies describing as early as
2009 that masks do not show any significant effect with regard to viruses in an everyday
scenario [129,145]. Even later, scientists and institutions rated the masks as unsuitable to
protect the user safely from viral respiratory infections [137,146,147]. Even in hospital use,
surgical masks lack strong evidence of protection against viruses [67].

Originally born out of the useful knowledge of protecting wounds from surgeons’
breath and predominantly bacterial droplet contamination [144,148,149], the mask has been
visibly misused with largely incorrect popular everyday use, particularly in Asia in recent
years [150]. Significantly, the sociologist Beck described the mask as a cosmetic of risk as
early as 1992 [151]. Unfortunately, the mask is inherent in a vicious circle: strictly speaking,
it only protects symbolically and at the same time represents the fear of infection. This
phenomenon is reinforced by the collective fear mongering, which is constantly nurtured
by main stream media [137].

Nowadays, the mask represents a kind of psychological support for the general popu-
lation during the virus pandemic, promising them additional anxiety-reduced freedom of
movement. The recommendation to use masks in the sense of “source control” not out of
self-protection but out of “altruism” [152] is also very popular with the regulators as well as
the population of many countries. The WHO’s recommendation of the mask in the current
pandemic is not only a purely infectiological approach, but is also clear on the possible
advantages for healthy people in the general public. In particular, a reduced potential
stigmatization of mask wearers, the feeling of a contribution made to preventing the spread
of the virus, as well as the reminder to adhere to other measures are mentioned [2].

It should not go unmentioned that very recent data suggest that the detection of
SARS-CoV-2 infection does not seem to be directly related to popular mask use. The
groups examined in a retrospective comparative study (infected with SARS-CoV-2 and not
infected) did not differ in their habit of using masks: approximately 70% of the subjects in
both groups always wore masks and another 14.4% of them frequently [143].
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In a Danish prospective study on mask-wearing carried out on about 6000 participants
and published in 2020, scientists found no statistically significant difference in the rates of
SARS-CoV-2 infection when comparing the group of 3030 mask wearers with the 2994 mask-
less participants in the study (p = 0.38) [132].

Indeed, in the case of viral infections, masks appear to be not only less effective than
expected, but also not free of undesirable biological, chemical, physical and psychological
side effects [67]. Accordingly, some experts claim that well-intentioned unprofessionalism
can be quite dangerous [6].

The dermatological colleagues were the first to describe common adverse effects of
mask-wearing in larger collectives. Simple, direct physical, chemical and biological effects
of the masks with increases in temperature, humidity and mechanical irritation caused
acne in up to 60% of wearers [37,71–73,85]. Other significantly documented consequences
were eczema, skin damage and overall impaired skin barrier function [37,72,73].

These direct effects of mask use are an important pointer to further detrimental effects
affecting other organ systems.

In our work, we have identified scientifically validated and numerous statistically
significant adverse effects of masks in various fields of medicine, especially with regard
to a disruptive influence on the highly complex process of breathing and negative effects
on the respiratory physiology and gas metabolism of the body (see Figures 2 and 3). The
respiratory physiology and gas exchange play a key role in maintaining a health-sustaining
balance in the human body [136,153]. According to the studies we found, a dead space
volume that is almost doubled by wearing a mask and a more than doubled breathing
resistance (Figure 3) [59–61] lead to a rebreathing of carbon dioxide with every breathing
cycle [16–18,39,83] with—in healthy people mostly—a subthreshold but, in sick people, a
partly pathological increase in the carbon dioxide partial pressure (PaCO2) in the blood
[25,34,58]. According to the primary studies found, these changes contribute reflexively to
an increase in respiratory frequency and depth [21,23,34,36] with a corresponding increase
in the work of the respiratory muscles via physiological feedback mechanisms [31,36].
Thus, it is not, as initially assumed, purely positive training through mask use. This often
increases the subliminal drop in oxygen saturation SpO2 in the blood [23,28–30,32], which is
already reduced by increased dead space volume and increased breathing resistance [18,31].

The overall possible resulting measurable drop in oxygen saturation O2 of the blood
on the one hand [18,23,28–30,32] and the increase in carbon dioxide (CO2) on the other
[13,15,19,21–28] contribute to an increased noradrenergic stress response, with heart rate
increase [29,30,35] and respiratory rate increase [15,21,23,34], in some cases also to a signifi-
cant blood pressure increase [25,35].

In panic-prone individuals, stress-inducing noradrenergic sympathetic activation can
be partly directly mediated via the carbon dioxide (CO2) mechanism at the locus coeruleus
in the brainstem [39,78,79,153], but also in the usual way via chemo-sensitive neurons
of the nucleus solitarius in the medulla [136,154]. The nucleus solitarius [136] is located
in the deepest part of the brainstem, a gateway to neuronal respiratory and circulatory
control [154]. A decreased oxygen (O2) blood level there causes the activation of the
sympathetic axis via chemoreceptors in the carotids [155,156].

Even subthreshold changes in blood gases such as those provoked when wearing
a mask cause reactions in these control centers in the central nervous system. Masks,
therefore, trigger direct reactions in important control centers of the affected brain via the
slightest changes in oxygen and carbon dioxide in the blood of the wearer [136,154,155].

A link between disturbed breathing and cardiorespiratory diseases such as hyper-
tension, sleep apnea and metabolic syndrome has been scientifically proven [56,57]. In-
terestingly, decreased oxygen/O2 blood levels and also increased carbon dioxide/CO2
blood levels are considered the main triggers for the sympathetic stress response [38,136].
The aforementioned chemo-sensitive neurons of the nucleus solitarius in the medulla are
considered to be the main responsible control centers [136,154,155]. Clinical effects of
prolonged mask-wearing would, thus, be a conceivable intensification of chronic stress re-
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actions and negative influences on the metabolism leading towards a metabolic syndrome.
The mask studies we found show that such disease-relevant respiratory gas changes (O2
and CO2) [38,136] are already achieved by wearing a mask [13,15,18,19,21–34].

A connection between hypoxia, sympathetic reactions and leptin release is scientifi-
cally known [136].

Additionally important is the connection of breathing with the influence on other
bodily functions [56,57], including the psyche with the generation of positive emotions
and drive [153]. The latest findings from neuro-psychobiological research indicate that
respiration is not only a function regulated by physical variables to control them (feedback
mechanism), but rather independently influences higher-level brain centers and, thus,
also helps to shape psychological and other bodily functions and reactions [153,157,158].
Since masks impede the wearer’s breathing and accelerate it, they work completely against
the principles of health-promoting breathing [56,57] used in holistic medicine and yoga.
According to recent research, undisturbed breathing is essential for happiness and healthy
drive [157,159], but masks work against this.

The result of significant changes in blood gases in the direction of hypoxia (drop in
oxygen saturation) and hypercapnia (increase in carbon dioxide concentration) through
masks, thus, has the potential to have a clinically relevant influence on the human organism
even without exceeding normal limits.

According to the latest scientific findings, blood-gas shifts towards hypoxia and
hypercapnia not only have an influence on the described immediate, psychological and
physiological reactions on a macroscopic and microscopic level, but additionally on gene
expression and metabolism on a molecular cellular level in many different body cells.
Through this, the drastic disruptive intervention of masks in the physiology of the body
also becomes clear down to the cellular level, e.g., in the activation of hypoxia-induced
factor (HIF) through both hypercapnia and hypoxia-like effects [160]. HIF is a transcription
factor that regulates cellular oxygen supply and activates signaling pathways relevant
to adaptive responses. e.g., HIF inhibits stem cells, promotes tumor cell growth and
inflammatory processes [160]. Based on the hypoxia- and hypercapnia-promoting effects of
masks, which have been comprehensively described for the first time in our study, potential
disruptive influences down to the intracellular level (HIF-a) can be assumed, especially
through the prolonged and excessive use of masks. Thus, in addition to the vegetative
chronic stress reaction in mask wearers, which is channeled via brain centers, there is also
likely to be an adverse influence on metabolism at the cellular level. With the prospect of
continued mask use in everyday life, this also opens up an interesting field of research for
the future.

The fact that prolonged exposure to latently elevated CO2 levels and unfavorable
breathing air compositions has disease-promoting effects was recognized early on. As
early as 1983, the WHO described “Sick Building Syndrome” (SBS) as a condition in which
people living indoors experienced acute disease-relevant effects that increased with time
of their stay, without specific causes or diseases [161,162]. The syndrome affects people
who spend most of their time indoors, often with subliminally elevated CO2 levels, and are
prone to symptoms such as increased heart rate, rise in blood pressure, headaches, fatigue
and difficulty concentrating [38,162]. Some of the complaints described in the mask studies
we found (Figure 2) are surprisingly similar to those of Sick Building Syndrome [161]. Tem-
perature, carbon dioxide content of the air, headaches, dizziness, drowsiness and itching
also play a role in Sick Building Syndrome. On the one hand, masks could themselves
be responsible for effects such as those described for Sick Building Syndrome when used
for a longer period of time. On the other hand, they could additionally intensify these
effects when worn in air-conditioned buildings, especially when masks are mandatory
indoors. Nevertheless, there was a tendency towards higher systolic blood pressure values
in mask wearers in some studies [21,31,34], but statistical significance was only found in
two studies [25,35]. However, we found more relevant and significant evidence of heart

actions and negative influences on the metabolism leading towards a metabolic syndrome.

Since masks impede the wearer’s breathing and accelerate it, they work completely against
the principles of health-promoting breathing [56,57] used in holistic medicine and yoga.
According to recent research, undisturbed breathing is essential for happiness and healthy
drive [157,159], but masks work against this.

The result of significant changes in blood gases in the direction of hypoxia (drop in
oxygen saturation) and hypercapnia (increase in carbon dioxide concentration) through
masks, thus, has the potential to have a clinically relevant influence on the human organism
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rate increase, headache, fatigue and concentration problems associated with mask wearers
(Figure 2) indicating the clinical relevance of wearing masks.

According to the scientific results and findings, masks have measurably harmful effects
not only on healthy people, but also on sick people and their relevance is likely to increase
with the duration of use [69]. Further research is needed here to shed light on the long-term
consequences of widespread mask use with subthreshold hypoxia and hypercapnia in
the general population, also regarding possible exacerbating effects on cardiorespiratory
lifestyle diseases such as hypertension, sleep apnea and metabolic syndrome. The already
often elevated blood carbon dioxide (CO2) levels in overweight people, sleep apnea patients
and patients with overlap-COPD could possibly increase even further with everyday
masks. Not only a high body mass index (BMI) but also sleep apnea are associated with
hypercapnia during the day in these patients (even without masks) [19,163]. For such
patients, hypercapnia means an increase in the risk of serious diseases with increased
morbidity, which could then be further increased by excessive mask use [18,38].

The hypercapnia-induced effects of sympathetic stress activation are even cycle phase-
dependent in women. Controlled by a progesterone mechanism, the sympathetic reaction,
measured by increased blood pressure in the luteal phase, is considerably stronger [164].
This may also result in different sensitivities for healthy and sick women to undesirable
effects masks have, which are related to an increase in carbon dioxide (CO2).

In our review, negative physical and psychological changes caused by masks could be
objectified even in younger and healthy individuals.

The physical and chemical parameters did not exceed the normal values in most cases
but were statistically significantly measurable (p < 0.05) tending towards pathological
ranges. They were accompanied by physical impairments (see Figure 2). It is well known
that subthreshold stimuli are capable of causing pathological changes when exposed to
them for a long time: not only a single high dose of a disturbance, but also a chronically
persistent, subthreshold exposure to it often leads to illness [38,46–48,50–54]. The scientifi-
cally repeatedly measurable physical and chemical mask effects were often accompanied
by typical subjective complaints and pathophysiological phenomena. The fact that these
frequently occur simultaneously and together indicates a syndrome under masks.

Figure 2 sums up the significant mask-dependent physiological, psychological, so-
matic and general pathological changes and their frequent occurrence together is striking.
Within the framework of the quantitative evaluation of the experimental studies, we were
actually able to prove a statistically significant correlation of the observed side effects
of fatigue and oxygen depletion under mask use with p < 0.05. In addition, we found
a frequent, simultaneous and joint occurrence of further undesirable effects in the scien-
tific studies (Figure 2). Statistically significant associations of such co-occurring, adverse
effects have already been described in primary studies [21,29]. We detected a combined
occurrence of the physical parameter temperature rise under the mask with the symptom
respiratory impairment in seven of the nine studies concerned (88%). We found a similar
result for the decrease in oxygen saturation under mask and the symptom respiratory
impairment with a simultaneous detection in six of the eight studies concerned (67%). We
detected a combined occurrence of carbon dioxide rise under N95 mask use in nine of the
11 scientific papers (82%). We found a similar result for oxygen drop under N95 mask
use with simultaneous co-occurrence in eight of 11 primary papers (72%). The use of N95
masks was also associated with headache in six of the 10 primary studies concerned (60%).
A combined occurrence of the physical parameters temperature rise and humidity under
masks was even found 100% within six of the six studies with significant measurements of
these parameters (Figure 2).

Since the symptoms were described in combination in mask wearers and were not
observed in isolation in the majority of cases, we refer to them as general Mask-Induced Ex-
haustion Syndrome (MIES) because of the consistent presentation in numerous papers from
different disciplines. These include the following, predominantly statistically significantly

According to the scientific results and findings, masks have measurably harmful effects
not only on healthy people, but also on sick people and their relevance is likely to increase
with the duration of use

negative physical and psychological changes caused by masks could be
objectified even in younger and healthy individuals.
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(p < 0.05) proven pathophysiological changes and subjective complaints, which often occur
in combination as described above (see also Section 3.1 to Section 3.11, Figures 2–4):

- Increase in dead space volume [22,24,58,59] (Figure 3, Sections 3.1 and 3.2).
- Increase in breathing resistance [31,35,61,118] (Figure 3, Figure 2: Column 8).
- Increase in blood carbon dioxide [13,15,19,21–28] (Figure 2: Column 5).
- Decrease in blood oxygen saturation [18,19,21,23,28–34] (Figure 2: Column 4).
- Increase in heart rate [15,19,23,29,30,35] (Figure 2: Column 12).
- Decrease in cardiopulmonary capacity [31] (Section 3.2).
- Feeling of exhaustion [15,19,21,29,31–35,69] (Figure 2: Column 14).
- Increase in respiratory rate [15,21,23,34] (Figure 2: Column 9).
- Difficulty breathing and shortness of breath [15,19,21,23,25,29,31,34,35,71,85,101,133]

(Figure 2: Column 13).
- Headache [19,27,37,66–68,83] (Figure 2: Column 17).
- Dizziness [23,29] (Figure 2: Column 16).
- Feeling of dampness and heat [15,16,22,29,31,35,85,133] (Figure 2: Column 7).
- Drowsiness (qualitative neurological deficits) [19,29,32,36,37] (Figure 2: Column 15).
- Decrease in empathy perception [99] (Figure 2: Column 19).
- Impaired skin barrier function with acne, itching and skin lesions [37,72,73] (Figure 2:

Column 20–22).

It can be deduced from the results that the effects described in healthy people are
all more pronounced in sick people, since their compensatory mechanisms, depending
on the severity of the illness, are reduced or even exhausted. Some existing studies
on and with patients with measurable pathological effects of the masks support this
assumption [19,23,25,34]. In most scientific studies, the exposure time to masks in the
context of the measurements/investigations was significantly less (in relation to the total
wearing and duration of use) than is expected of the general public under the current
pandemic regulations and ordinances.

The exposure time limits are little observed or knowingly disregarded in many areas
today as already mentioned in Section 3.11 on occupational medicine. The above facts
allow the conclusion that the described negative effects of masks, especially in some of our
patients and the very elderly, may well be more severe and adverse with prolonged use
than presented in some mask studies.

From a doctor’s viewpoint, it may also be difficult to advise children and adults
who, due to social pressure (to wear a mask) and the desire to feel they belong, suppress
their own needs and concerns until the effects of masks have a noticeable negative impact
on their health [76]. Nevertheless, the use of masks should be stopped immediately at
the latest when shortness of breath, dizziness or vertigo occur [23,25]. From this aspect,
it seems sensible for decision makers and authorities to provide information, to define
instruction obligations and offer appropriate training for employers, teachers and other
persons who have a supervisory or caregiving duty. Knowledge about first aid measures
could also be refreshed and expanded accordingly in this regard.

Elderly, high-risk patients with lung disease, cardiac patients, pregnant women or
stroke patients are advised to consult a physician to discuss the safety of an N95 mask as
their lung volume or cardiopulmonary performance may be reduced [23]. A correlation
between age and the occurrence of the aforementioned symptoms while wearing a mask
has been statistically proven [19]. Patients with reduced cardiopulmonary function are at
increased risk of developing serious respiratory failure with mask use according to the
referenced literature [34]. Without the possibility of continuous medical monitoring, it can
be concluded that they should not wear masks without close monitoring. The American
Asthma and Allergy Society has already advised caution in the use of masks with regard to
the COVID-19 pandemic for people with moderate and severe lung disease [165]. Since the
severely overweight, sleep apnea patients and overlap-COPD sufferers are known to be
prone to hypercapnia, they also represent a risk group for serious adverse health effects
under extensive mask use [163]. This is because the potential of masks to produce additional
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their own needs and concerns until the effects of masks have a noticeable negative impact
on their health
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CO2 retention may not only have a disruptive effect on the blood gases and respiratory
physiology of sufferers, but may also lead to further serious adverse health effects in the
long term. Interestingly, in an animal experiment an increase in CO2 with hypercapnia
leads to contraction of smooth airway muscles with constriction of bronchi [166]. This effect
could explain the observed pulmonary decompensations of patients with lung disease
under masks (Section 3.2) [23,34].

Figure 4. Unfavorable mask effects as components of Mask-Induced Exhaustion Syndrome (MIES).
The chemical, physical and biological effects, as well as the organ system consequences mentioned,
are all documented with statistically significant results in the scientific literature found (Figure 2).
The term drowsiness is used here to summarize any qualitative neurological deficits described in the
examined scientific literature.

Patients with renal insufficiency requiring dialysis are, according to the literature
available, further candidates for a possible exemption from the mask requirement [34].
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According to the criteria of the Centers for Disease Control and Prevention, GA, USA (CDC),
sick and helpless people who cannot remove a mask on their own should be exempted
from the mask requirement [82].

Since it can be assumed that children react even more sensitively to masks, the liter-
ature suggests that masks are a contraindication for children with epilepsies (hyperven-
tilation as a trigger for seizures) [63]. In the field of pediatrics, special attention should
also be paid to the mask symptoms described under psychological, psychiatric and soci-
ological effects with possible triggering of panic attacks by CO2 rebreathing in the case
of predisposition and also reinforcement of claustrophobic fears [77–79,167]. The mask-
related disturbance of verbal [43,45,71] and non-verbal communication and, thus, of social
interaction is particularly serious for children. Masks restrict social interaction and block
positive perceptions (smiling and laughing) and emotional mimicry [42]. The proven
mask-induced mild to moderate cognitive impairment with impaired thinking, decreased
attention and dizziness [19,23,29,32,36,37,39–41,69], as well as the psychological and neuro-
logical effects [135], should be additionally taken into account when masks are compulsory
at school and in the vicinity of both public and non-public transport, also regarding the
possibility of an increased risk of accidents (see also occupational health side effects and
hazards) [19,29,32,36,37]. The exclusion criteria mentioned in pediatric studies on masks
(see pediatric impairments, Section 3.14) [26,133] should also apply to an exclusion of these
children from the general mask obligation in accordance with the scientific findings for the
protection of the sick children concerned. The long-term sociological, psychological and ed-
ucational consequences of a comprehensive masking requirement extended to schools are
also unpredictable with regard to the psychological and physical development of healthy
children [42,135]. Interestingly, according to the Corona Thesis Paper of the University of
Bremen children “are infected less often, they become ill less often, the lethality is close to
zero, and they also pass on the infection less often”, according to the Thesis Paper 2.0 of the
German University of Bremen on page 6 [138]. Studies conducted under real-life conditions
with outcome endpoints showing hardly any infections, hardly any morbidity, hardly any
mortality and only low contagiousness in children are clearly in the majority, according
to Thesis Paper 3.0 of the German University of Bremen [138]. A recent German observa-
tional study (5600 reporting pediatricians) also showed a surprisingly low incidence of
COVID-19 disease in children [168]. The infection of adults with SARS-CoV-2 by children
has been considered in only one suspected case, but could not be proven with certainty,
since the parents also had numerous contacts and exposure factors for viral infections due
to their occupation. In this case, the circulating headlines in the public media that children
contribute more to the incidence of infection are to be regarded as anecdotal.

In pregnant women, the use of masks during exertion or at rest over long periods of
time is to be regarded as critical as little research has been done on this [20]. If there is clear
scientific evidence of increased dead space ventilation with possible accumulation of CO2
in the mother’s blood, the use of masks by pregnant women for more than 1 h, as well
as under physical stress, should be avoided in order to protect the unborn child [20,22].
The hypercapnia-promoting masks could act as a confounder of the fetal/maternal CO2
gradient in this case (Section 3.6) [20,22,28].

According to the literature cited in the Section 3.5 on psychiatric side effects (personal-
ity disorders with anxiety and panic attacks, claustrophobia, dementia and schizophrenia),
masking should only be done, if at all, with careful consideration of the advantages and dis-
advantages. Attention should be paid to possible provocation of the number and severity
of panic attacks [77–79].

In patients with headaches, a worsening of symptoms can be expected with prolonged
mask use (see also Section 3.3., neurological side effects) [27,66–68]. As a result of the
increase in blood carbon dioxide (CO2) when the mask is used, vasodilatation occurs in
the central nervous system and the pulsation of the blood vessels decreases [27]. In this
connection, it is also interesting to note radiological experiments that demonstrate an
increase in brain volume under subthreshold, but still within normal limits of CO2 increase
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in the blood by means of structural MRI. The blood carbon dioxide increase was produced
in seven subjects via rebreathing with resulting median carbon dioxide concentration of
42 mmHg and an interquartile range of 39.44 mmHg, corresponding to only a subthreshold
increase given the normal values of 32–45 mmHg. In the experiment, there was a significant
increase in brain parenchymal volume measurable under increased arterial CO2 levels
(p < 0.02), with a concomitant decrease in CSF spaces (p < 0.04), entirely in accordance
with the Monroe–Kelly doctrine, according to which the total volume within the skull
always remains the same. The authors interpreted the increase in brain volume as an
expression of an increase in blood volume due to a CO2 increase-induced dilation of the
cerebral vessels [169]. The consequences of such equally subthreshold carbon dioxide (CO2)
increases even under masks [13,15,18,19,22,23,25] are unclear for people with pathological
changes inside the skull (aneurysms, tumors, etc.) with associated vascular changes [27]
and brain volume shifts [169] especially due to longer exposure while wearing a mask, but
could be of great relevance due to the blood gas-related volume shifts that take place.

In view of the increased dead space volume, the long-term and increased accumulation
and rebreathing of other respiratory air components apart from CO2 is also unexplained,
both in children and in old and sick people. Exhaled air contains over 250 substances,
including irritant or toxic gases such as nitrogen oxides (NO), hydrogen sulfide (H2S),
isoprene and acetone [170]. For nitrogen oxides [47] and hydrogen sulfide [46], pathological
effects relevant to disease have been described in environmental medicine even at a low but
chronic exposure [46–48]. Among the volatile organic compounds in exhaled air, acetone
and isoprene dominate in terms of quantity, but allyl methyl sulfide, propionic acid and
ethanol (some of bacterial origin) should also be mentioned [171]. Whether such substances
also react chemically with each other underneath masks and in the dead space volume
created by masks (Figure 3), and with the mask tissue itself, and in what quantities these
and possible reaction products are rebreathed, has not yet been clarified. In addition to the
blood gas changes described above (O2 drop and CO2 rise), these effects could also play
a role with regard to undesirable mask effects. Further research is needed here and is of
particular interest in the case of prolonged and ubiquitous use of masks.

The WHO sees the integration of individual companies and communities that produce
their own fabric masks as a potential social and economic benefit. Due to the global
shortage of surgical masks and personal protective equipment, it sees this as a source
of income and points out that the reuse of fabric masks can reduce costs and waste and
contribute to sustainability [2]. In addition to the question of certification procedures for
such fabric masks, it should also be mentioned that due to the extensive mask obligation,
textile (artificial) substances in the form of micro- and nanoparticles, some of which cannot
be degraded in the body, are chronically absorbed into the body through inhalation to an
unusual extent. In the case of medical masks, disposable polymers such as polypropylene,
polyurethane, polyacrylonitrile, polystyrene, polycarbonate, polyethylene and polyester
should be mentioned [140]. ENT physicians have already been able to detect such particles
in the nasal mucosa of mask wearers with mucosal reactions in the sense of a foreign body
reaction with rhinitis [96]. In the case of community masks, other substances from the
textile industry are likely to be added to those mentioned above. The body will try to
absorb these substances through macrophages and scavenger cells in the respiratory tract
and alveoli as part of a foreign body reaction, whereby toxin release and corresponding
local and generalized reactions may occur in an unsuccessful attempt to break them
down [172]. Extensive respiratory protection in permanent long-term use (24/7), at least
from a theoretical point of view, also potentially carries the risk of leading to a mask-related
pulmonary [47] or even generalized disorder, as is already known from textile workers
chronically exposed to organic dusts in the Third World (byssinosis) [172].

For the general public, from a scientific angle, it is necessary to draw on the long-
standing knowledge of respiratory protection in occupational medicine in order to protect
children in particular from harm caused by uncertified masks and improper use.
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The universal undefined and extended mask requirement—without taking into ac-
count multiple predispositions and susceptibilities—contradicts the claim of an increasingly
important individualized medicine with a focus on the unique characteristics of each indi-
vidual [173].

A systematic review on the topic of masks is necessary according to the results of
our scoping review. The primary studies often showed weaknesses in operationalization,
especially in the evaluation of cognitive and neuropsychological parameters. Computerized
test procedures will be useful here in the future. Mask research should also set itself the
future goal of investigating and defining subgroups for whom respiratory protection use is
particularly risky.

5. Limitations

Our approach with a focus on negative effects is in line with Villalonga-Olives and
Kawachi [12]. With the help of such selective questioning in the sense of dialectics, new
insights can be gained that might otherwise have remained hidden. Our literature search
focused on adverse negative effects of masks, in particular to point out risks especially for
certain patient groups. Therefore, publications presenting only positive effects of masks
were not considered in this review.

For a compilation of studies with harmless results when using masks, reference must,
therefore, be made to reviews with a different research objective, whereby attention must
be paid to possible conflicts of interest there. Some of the studies excluded by us lacking
negative effects have shown methodological weaknesses (small, non-uniform experimental
groups, missing control group even without masks due to corona constraints, etc.) [174].
In other words, if no negative concomitant effects were described in publications, it does
not necessarily mean that masks have exclusively positive effects. It is quite possible that
negative effects were simply not mentioned in the literature and the number of negative
effects may well be higher than our review suggests.

We only searched one database, so the number of papers on negative mask effects
may be higher than we reported.

In order to be able to describe characteristic effects for each mask type even more
extensively, we did not have enough scientific data on the respective special designs of
the masks. There is still a great need for research in this area due to the current pandemic
situation with extensive mandatory masking.

In addition, the experiments evaluated in this paper do not always have uniform
measurement parameters and study variables and, depending on the study, take into
account the effect of masks at rest or under stress with subjects having different health
conditions. Figure 2, therefore, represents a compromise. The results of the primary studies
on mask use partially showed no natural variation in parameters, but often showed such
clear correlations between symptoms and physiological changes, so that a statistical corre-
lation analysis was not always necessary. We found a statistically significant correlation of
oxygen deprivation and fatigue in 58% of the studies (p < 0.05). A statistically significant
correlation evidence for other parameters has been previously demonstrated in primary
studies [21,29].

The most commonly used personal particulate matter protective equipment in the
COVID-19 pandemic is the N95 mask [23]. Due to its characteristics (better filtering
function, but greater airway resistance and more dead space volume than other masks), the
N95 mask is able to highlight negative effects of such protective equipment more clearly
than others (Figure 3). Therefore, a relatively frequent consideration and evaluation of N95
masks within the studies found (30 of the 44 quantitatively evaluated studies, 68%) is even
advantageous within the framework of our research question. Nevertheless, it remains
to be noted that the community masks sold on the market are increasingly similar to the
protective equipment that has been better investigated in scientific studies, such as surgical
masks and N95 masks, since numerous manufacturers and users of community masks
are striving to approximate the professional standard (surgical mask, N95/FFP2). Recent
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study results on community masks indicate similar effects for respiratory physiology as
described for medical masks: in a recent publication, fabric masks (community masks) also
provoked a measurable increase in carbon dioxide PtcCO2 in wearers during exertion and
came very close to surgical masks in this effect [21].

Most of the studies cited in our paper included only short observation and application
periods (mask-wearing durations investigated ranged from 5 min [26] to 12 h [19]. In only
one study, a maximum observation period of an estimated 2-month period was chosen [37].
Therefore, the actual negative effects of masks over a longer application period might be
more pronounced than presented in our work.

6. Conclusions

On the one hand, the advocacy of an extended mask requirement remains predom-
inantly theoretical and can only be sustained with individual case reports, plausibility
arguments based on model calculations and promising in vitro laboratory tests. Moreover,
recent studies on SARS-CoV-2 show both a significantly lower infectivity [175] and a signif-
icantly lower case mortality than previously assumed, as it could be calculated that the
median corrected infection fatality rate (IFR) was 0.10% in locations with a lower than
average global COVID-19 population mortality rate [176]. In early October 2020, the WHO
also publicly announced that projections show COVID-19 to be fatal for approximately
0.14% of those who become ill—compared to 0.10% for endemic influenza—again a figure
far lower than expected [177].

On the other hand, the side effects of masks are clinically relevant.
In our work, we focused exclusively on the undesirable and negative side effects

that can be produced by masks. Valid significant evidence of combined mask-related
changes were objectified (p < 0.05, n ≥ 50%), and we found a clustered and common
occurrence of the different adverse effects within the respective studies with significantly
measured effects (Figure 2). We were able to demonstrate a statistically significant cor-
relation of the observed adverse effect of hypoxia and the symptom of fatigue with
p < 0.05 in the quantitative evaluation of the primary studies. Our review of the liter-
ature shows that both healthy and sick people can experience Mask-Induced Exhaustion
Syndrome (MIES), with typical changes and symptoms that are often observed in com-
bination, such as an increase in breathing dead space volume [22,24,58,59], increase in
breathing resistance [31,35,60,61], increase in blood carbon dioxide [13,15,17,19,21–30,35],
decrease in blood oxygen saturation [18,19,21,23,28–34], increase in heart rate [23,29,30,35],
increase in blood pressure [25,35], decrease in cardiopulmonary capacity [31], increase in
respiratory rate [15,21,23,34,36], shortness of breath and difficulty breathing
[15,17,19,21,23,25,29,31,34,35,60,71,85,101,133], headache [19,27,29,37,66–68,71,83], dizzi-
ness [23,29], feeling hot and clammy [17,22,29,31,35,44,71,85,133], decreased ability to con-
centrate [29], decreased ability to think [36,37], drowsiness [19,29,32,36,37], decrease in em-
pathy perception [99], impaired skin barrier function [37,72,73] with itching
[31,35,67,71–73,91–93], acne, skin lesions and irritation [37,72,73], overall perceived fa-
tigue and exhaustion [15,19,21,29,31,32,34,35,69] (Figures 2–4).

Wearing masks does not consistently cause clinical deviations from the norm of
physiological parameters, but according to the scientific literature, a long-term pathological
consequence with clinical relevance is to be expected owing to a longer-lasting effect
with a subliminal impact and significant shift in the pathological direction. For changes
that do not exceed normal values, but are persistently recurring, such as an increase in
blood carbon dioxide [38,160], an increase in heart rate [55] or an increase in respiratory
rate [56,57], which have been documented while wearing a mask [13,15,17,19,21–30,34,35]
(Figure 2), a long-term generation of high blood pressure [25,35], arteriosclerosis and
coronary heart disease and of neurological diseases is scientifically obvious [38,55–57,160].
This pathogenetic damage principle with a chronic low-dose exposure with long-term
effect, which leads to disease or disease-relevant conditions, has already been extensively
studied and described in many areas of environmental medicine [38,46–54]. Extended
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mask-wearing would have the potential, according to the facts and correlations we have
found, to cause a chronic sympathetic stress response induced by blood gas modifications
and controlled by brain centers. This in turn induces and triggers immune suppression
and metabolic syndrome with cardiovascular and neurological diseases.

We not only found evidence in the reviewed mask literature of potential long-term
effects, but also evidence of an increase in direct short-term effects with increased mask-
wearing time in terms of cumulative effects for: carbon dioxide retention, drowsiness,
headache, feeling of exhaustion, skin irritation (redness, itching) and microbiological
contamination (germ colonization) [19,22,37,66,68,69,89,91,92].

Overall, the exact frequency of the described symptom constellation MIES in the
mask-using populace remains unclear and cannot be estimated due to insufficient data.

Theoretically, the mask-induced effects of the drop in blood gas oxygen and increase
in carbon dioxide extend to the cellular level with induction of the transcription factor HIF
(hypoxia-induced factor) and increased inflammatory and cancer-promoting effects [160]
and can, thus, also have a negative influence on pre-existing clinical pictures.

In any case, the MIES potentially triggered by masks (Figures 3 and 4) contrasts with
the WHO definition of health: “health is a state of complete physical, mental and social
well-being and not merely the absence of disease or infirmity.” [178].

All the scientific facts found in our work expand the knowledge base for a differ-
entiated view of the mask debate. This gain can be relevant for decision makers who
have to deal with the issue of mandatory mask use during the pandemic under constant
review of proportionality as well as for physicians who can advise their patients more
appropriately on this basis. For certain diseases, taking into account the literature found
in this study, it is also necessary for the attending physician to weigh up the benefits and
risks with regard to a mask obligation. With an overall strictly scientific consideration, a
recommendation for mask exemption can become justifiable within the framework of a
medical appraisal (Figure 5).

Figure 5. Diseases/predispositions with significant risks, according to the literature found, when
using masks. Indications for weighing up medical mask exemption certificates.

In addition to protecting the health of their patients, doctors should also base their
actions on the guiding principle of the 1948 Geneva Declaration, as revised in 2017. Ac-
cording to this, every doctor vows to put the health and dignity of his patient first and,
even under threat, not to use his medical knowledge to violate human rights and civil
liberties [9]. Within the framework of these findings, we, therefore, propagate an ex-
plicitly medically judicious, legally compliant action in consideration of scientific factual
reality [2,4,5,16,130,132,143,175–177] against a predominantly assumption-led claim to a
general effectiveness of masks, always taking into account possible unwanted individual ef-

We not only found evidence in the reviewed mask literature of potential long-term
effects, but also evidence of an increase in direct short-term effects with increased mask-
wearing time in terms of cumulative effects for: carbon dioxide retention, drowsiness,
headache, feeling of exhaustion, skin irritation (redness, itching) and microbiological
contamination (germ colonization)

In any case, the MIES potentially triggered by masks (Figures 3 and 4) contrasts with
the WHO definition of health: “health is a state of complete physical, mental and social
well-being and not merely the absence of disease or infirmity.”

In addition to protecting the health of their patients, doctors should also base their
actions on the guiding principle of the 1948 Geneva Declaration, as revised in 2017. Ac-
cording to this, every doctor vows to put the health and dignity of his patient first and,
even under threat, not to use his medical knowledge to violate human rights and civil
liberties [9]. Within the framework of these findings, we, therefore, propagate an ex-
plicitly medically judicious, legally compliant action in consideration of scientific factual
reality [2,4,5,16,130,132,143,175–177] against a predominantly assumption-led claim to a
general effectiveness of masks, always taking into account possible unwanted individual ef-
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fects for the patient and mask wearer concerned, entirely in accordance with the principles
of evidence-based medicine and the ethical guidelines of a physician.

The results of the present literature review could help to include mask-wearing in the
differential diagnostic pathophysiological cause consideration of every physician when
corresponding symptoms are present (MIES, Figure 4). In this way, the physician can draw
on an initial complaints catalogue that may be associated with mask-wearing (Figure 2)
and also exclude certain diseases from the general mask requirement (Figure 5).

For scientists, the prospect of continued mask use in everyday life suggests areas for
further research. In our view, further research is particularly desirable in the gynecological
(fetal and embryonic) and pediatric fields, as children are a vulnerable group that would
face the longest and, thus, most profound consequences of a potentially risky mask use.
Basic research at the cellular level regarding mask-induced triggering of the transcription
factor HIF with potential promotion of immunosuppression and carcinogenicity also
appears to be useful under this circumstance. Our scoping review shows the need for a
systematic review.

The described mask-related changes in respiratory physiology can have an adverse
effect on the wearer’s blood gases sub-clinically and in some cases also clinically manifest
and, therefore, have a negative effect on the basis of all aerobic life, external and internal
respiration, with an influence on a wide variety of organ systems and metabolic processes
with physical, psychological and social consequences for the individual human being.
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Summary of literature searches for systematic review on personal and environmental nonpharmaceutical interventions for 
pandemic influenza*
Types of interventions No. studies identified Study designs included† Main findings
Hand hygiene RCT The evidence from RCTs suggested that 

hand hygiene interventions do not have a 
substantial effect on influenza transmission.

Respiratory etiquette 0 NA We did not identify research evaluating the 
effectiveness of respiratory etiquette on 

influenza transmission.
RCT The evidence from RCTs suggested that the 

use of face masks either by infected 
persons or by uninfected persons does not 

have a substantial effect on influenza 
transmission.

Surface and object cleaning 3 RCT, observational studies There was a limited amount of evidence 
suggesting that surface and object cleaning 

does not have a substantial effect on 
influenza transmission.

*NA, not available; RCT randomized controlled trial.
†In these systematic reviews, we prioritized RCTs, and only considered observational studies if there were a small number of RCTs. Our rationale was 
that with evidence from a larger number of RCTs, additional evidence from observational studies would be unlikely to change overall conclusions.
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Knowledge gaps for personal protective and environmental nonpharmaceutical interventions for pandemic influenza*
Intervention Knowledge gaps Suggested studies
Hand hygiene There are major gaps in our knowledge of the 

mechanisms of person-to-person transmission of 
influenza, including the role of direct and indirect contact, 
the degree of viral contamination on hands and various 

types of surfaces in different settings, and the potential for 
contact transmission to occur in different locations and 
under different environmental conditions. There is little 

information on whether greater reductions in transmission 
could be possible with combinations of personal 

intervention (e.g., isolation away from family members 
as much as possible, plus using face masks and 

enhancing hand hygiene).

Additional high-quality RCTs of efficacy of 
hand hygiene against laboratory-confirmed 
influenza in other nonhealthcare settings, 

except households and university 
residential halls, would be valuable. 

In particular, studies in school settings 
are needed to solve the discrepancy 

between the two studies from the United 
States and Egypt.

Respiratory etiquette There is no evidence about the quantitative effectiveness 
of respiratory etiquette against influenza virus.

RCTs of interventions to demonstrate 
the effectiveness of respiratory etiquette 

in reducing influenza transmission 
would be valuable.

There are major gaps in our knowledge of the 
mechanisms of person-to-person transmission of 

influenza, including the importance of transmission 
through droplets of different sizes including small particle 

aerosols, and the potential for droplet and aerosol 
transmission to occur in different locations and with 

environmental conditions.

Additional high-quality RCTs of efficacy of 
face masks against laboratory-confirmed 

influenza would be valuable. Effectiveness 
of face masks or respirator use to prevent 

influenza prevention in special 
subpopulation, such as 

immunocompromised persons, 
would be valuable.

Surface and object cleaning The effectiveness of different cleaning products in 
preventing influenza transmission–in terms of cleaning 
frequency, cleaning dosage, cleaning time point, and 

cleaning targeted surface and object material–
remains unknown.

RCTs of interventions to demonstrate the 
effectiveness of surface and object 

cleaning in reducing influenza transmission 
would be valuable. Studies that can 

demonstrate the reduction of environmental 
detection of influenza virus through 

cleaning of surfaces and objects 
would also be valuable.

*RCT, randomized control trial.
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ABSTRACT
PURPOSE The coronavirus disease 2019 (COVID-19) pandemic has led at times to 
a scarcity of personal protective equipment, including medical masks, for health 
care clinicians, especially in primary care settings. The objective of this review 
was to summarize current evidence regarding the use of cloth masks to prevent 
respiratory viral infections, such as severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), among health care clinicians.

METHODS We searched 5 databases, the Centers for Disease Control and Preven-
tion website, and the reference lists of identified articles on April 3, 2020. All 
identified publications were independently screened by 2 reviewers. Two authors 
independently extracted data and graded the studies. Randomized control tri-
als (RCTs) were graded using the Consolidated Standards of Reporting Trials 
(CONSORT) checklist, and observational and nonhuman subject studies were 
graded using 11 domains common across frequently used critical appraisal tools. 
All discrepancies were resolved by consensus.

RESULTS Our search identified 136 original publications. Nine studies met inclu-
sion criteria. We performed a qualitative synthesis of the data from these studies. 
Four nonrandomized trials, 3 laboratory studies, 1 single-case experiment, and 1 
RCT were identified. The laboratory studies found that cloth materials provided 
measurable levels of particle filtration but were less efficacious at blocking bio-
logic material than medical masks. The RCT found that cloth masks were associ-
ated with significantly more viral infections than medical masks.

CONCLUSIONS The current literature suggests that cloth materials are somewhat 
efficacious in filtering particulate matter and aerosols but provide a worse fit 
and inferior protection compared to medical masks in clinical environments. 
The quality and quantity of literature addressing this question are lacking. Cloth 
masks lack evidence for adequate protection of health care clinicians against 
respiratory viral infections.

Ann Fam Med 2021;19:55-62. https://doi.org/10.1370/afm.2640.

INTRODUCTION
In December 2019, the novel coronavirus, severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2), emerged in Wuhan, China and 

quickly became a global pandemic as the coronavirus disease 2019 

(COVID-19) respiratory syndrome. At the time of this article’s writing, 

more than 68 million cases were reported worldwide, with more than 

1,500,000 deaths.1 In the United States, health care clinicians have been 

faced with a scarcity of personal protective equipment (PPE) including 

N95 respirators and disposable medical masks.2 As the United States has 

focused primarily on supporting large urban hospitals to care for the surge 

of severely ill patients, primary care offices have experienced severe PPE 

shortages.3 During the week of this article’s writing in April 2020, 58% of 

primary care clinicians reported in a national survey to have resorted to 

the use of homemade and/or used PPE. Seven months later, 32% reported 

that they were either lacking PPE or felt that their required level of PPE 

reuse was unsafe.4

. Cloth 
masks lack evidence for adequate protection of health care clinicians against 
respiratory viral infections.

Ann Fam Med 2021;19:55-62. https://doi.org/10.1370/afm.2640.

Plaintiff's Exhibit 91



ANNALS OF FAMILY MEDICINE ✦ WWW.ANNFAMMED.ORG ✦ VOL. 19, NO. 1 ✦ JANUARY/FEBRUARY 2021

56

PROTEC T ING HEALTH C ARE CL INICIANS WITH CLOTH MASK S

Hospitals, health care systems, and the National 

Strategic Stockpile have insufficient supply to provide 

adequate PPE for health care clinicians. This leaves 

primary care practices and other resource-limited orga-

nizations, such as rural hospitals, to determine how to 

protect their clinicians. Conflicting information from 

the popular media, messaging from various health care 

systems, and constantly changing societal guidelines 

complicate decisions regarding appropriate mask usage 

in clinical settings during times of scarcity. Creative 

solutions include rationing supplies, extending the use 

of PPE, recycling masks, and devising alternative face 

protection.2 The US Centers for Disease Control and 

Prevention (CDC) states that health care clinicians 

may used cloth masks as a last resort.5 The CDC notes 

that cloth masks are not considered PPE and that their 

capability to protect health care clinicians is not cur-

rently known. The CDC does not offer information 

regarding the degree of protection a cloth mask might 

provide compared to a medical mask. In addition, there 

is no recommendation for what the best design of a 

cloth mask might be in the face of a shortage of PPE. 

This rapid review summarizes current evidence on the 

efficacy and effectiveness of cloth masks compared 

with medical masks to prevent respiratory viral infec-

tions among health care clinicians.

METHODS
Criteria for Study Consideration
We followed Cochrane rapid review methods for 

this review.6 We included all studies examining the 

efficacy and/or effectiveness of cloth masks in filter-

ing biologic materials or comparing a cloth mask to 

an industrial medical or surgical mask. Efficacy refers 

to the performance of mask materials in a laboratory 

setting (ie, filtration, fit factor, pressure gradient), 

whereas effectiveness considers the performance 

of masks when used by human subjects in clinical 

environments (ie, infection rate). Biologic materials 

were defined as bacteria or viruses. The term cloth 

was applied broadly and included any type of woven 

nonsynthetic material or woven polyester fabric that 

might be used to create a homemade cloth mask. 

Studies examining filtering ability of cloth masks 

against environmental exposures, such as diesel par-

ticles, foundry exposure, welding fumes, or pollution, 

were excluded. Reviews, opinion pieces, letters to the 

editor, commentaries, research briefs, and anecdotes 

were also excluded.

Main Outcome Measures
Inclusion in this review required at least 1 of the fol-

lowing outcome measures:

• Efficacy or effectiveness of cloth masks

• Respiratory illness/infection rate of health care clini-

cians wearing cloth masks

• Filtration efficiency of cloth masks compared to 

medical or surgical masks

• Percentage aerosol penetration of cloth masks com-

pared to medical or surgical masks

• Comparison of mask fit between cloth and medical 

or surgical masks

Search Methods
We performed a search of MEDLINE, the Cochrane 

Library, Embase, the Cumulative Index to Nursing and 

Allied Health Literature (CINAHL), and the Web of 

Science databases on April 3, 2020, to identify relevant 

studies for this review. Gray literature was searched 

briefly via the CDC’s website. Reference lists of identi-

fied studies were consulted for additional publications. 

Publication dates before 1970 were not considered. No 

exclusion criteria were applied on the basis of study 

quality grade or language. A health science librar-

ian was consulted for the identification of appropriate 

databases and assistance with search term definitions. 

See Supplemental Table 1, https://www.AnnFamMed.

org/content/19/1/55/suppl/DC1/, for search strategies. 

Data Collection and Analysis
Study Selection
All studies retrieved via database searches were down-

loaded to citation manager software. Duplicates were 

removed. Two authors (JKH and AS) independently 

screened identified studies via title and abstract con-

tent and then independently reviewed full-text publi-

cations of the screened studies. Any discrepancies in 

eligibility were resolved via discussion and consensus 

between the independent reviewers and additional 

authors as needed.

Data Extraction and Management
Two authors (HP and AKD) independently extracted 

data from the final list of eligible studies to separate 

spreadsheets. Data were compared and discrepancies 

resolved via discussion and consensus, including addi-

tional author(s) as necessary. They then independently 

appraised each study and resolved discrepancies via 

discussion and consensus. Study appraisal was imple-

mented to identify flaws in methodology and assess 

bias. Randomized control trials (RCTs) were appraised 

using the Consolidated Standards of Reporting Trials 

(CONSORT) checklist.7 The diversity of study type 

included prevented implementation of a single critical 

appraisal tool. Reviewers considered observational and 

nonhuman subjects studies using 11 domains common 

across frequently used critical appraisal tools.8

The CDC notes

that cloth masks are not considered PPE and that their

capability to protect health care clinicians is not cur-

rently known. The CDC does not offer information

regarding the degree of protection a cloth mask might

provide compared to a medical mask. In addition, there

is no recommendation for what the best design of a 

cloth mask might be in the face of a shortage of PPE. 
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RESULTS
Publication Identification
Our search of 5 databases and gray literature yielded 

136 nonduplicate original publications (Figure 1). Ten 

of the publications required title or available abstract 

translation from non-English languages; all were 

irrelevant to our study question and were excluded. 

Thirty-six articles were identified for full-text evalu-

ation, and 27 were excluded (Supplemental Table 2, 

https://www.AnnFamMed.org/content/19/1/55/suppl/

DC1/). Nine studies were included for analysis after 

screening and selection. Four nonrandomized trials, 

3 laboratory efficacy studies, 1 single-case experi-

ment, and 1 RCT were included.9-17 We excluded sev-

eral studies that investigated cloth mask protection 

against air pollution or industrial debris. Although 

those studies might provide insight regarding physi-

cal characteristics of cloth materials, we chose to 

include only studies that explicitly considered mask 

use to prevent disease or measured particles of bio-

logic significance such as bacteria, viruses, or par-

ticles intended to be of similar size to respiratory 

droplets or aerosols.

Overall quality assessment and appraisal details 

of the observational and nonhuman subject stud-

ies are summarized in Table 1. The 11 domains8 for 

which each study was considered were not equally 

weighted for determination of overall study quality. 

The low-quality studies15,16 had small trial numbers, 

did not report statistical significance, failed to address 

potential sources of bias, and did not report funding 

sources. The moderate-quality studies13,14 had higher-

quality methods but did not fully discuss limitations. 

The most-commonly neglected criterion among the 

high-quality studies9-12 was lack of a no-mask control 

for comparison with cloth masks. We considered these 

appraisal findings when reporting results and drawing 

conclusions from each publication.

The 9 studies that met inclusion for analysis were 

then appraised (Table 2).9-17 The RCT by MacIntyre 

et al17 closely followed CONSORT guidelines but 

notably did not include a control group without masks, 

owing to the clinical setting. In addition, the authors 

disclosed a former relationship with 3M, which pro-

duces commercial masks. Although they reported that 

3M was not involved in their RCT, it remains a source 

of potential bias.

Filtration
Seven publications addressed the filtration efficacy 

of commercial cloth masks or materials used to cre-

ate homemade masks, such as polyester, cotton, tea 

towel, and scarves, in a laboratory setting.9-11,13-15,17 

These studies used various experimental techniques 

to investigate filtration of aerosolized virus,9,14 aero-

solized particles,11,17 or bacteria.9,10,13,15 Of the stud-

ies that evaluated pathogen penetration, 4 detected 

viable pathogens via colony formation,9,10,13,15 and 

1 detected postfiltration virus via polymerase chain 

reaction (PCR).14 Regardless of the filtered substance 

or detection method, all concluded that cloth materi-

als prevent some level of penetration but generally 

had lesser filtration efficiency and greater variability 

than medical masks. These findings suggest some, 

though highly variable, filtration by cloth mask 

materials.

Two of the identified studies investigated the 

effect of multiple layers of material on viral filtra-

tion.9,14 Both reported that use of multiple layers 

increased the viral filtration efficacy of cloth mask 

material. Ma et al also specifically selected experi-

mental material for physical similarity to SARS-

CoV-2.14 That study concluded that 1 layer of 

polyester combined with 4 layers of paper towel was 

similarly efficacious to a medical mask.14 Both types 

of mask, polyester alone and combined with paper 

Figure 1. Study flowchart for selection of articles.

CDC = Centers for Disease Control and Prevention; CINAHL = Cumulative Index 
to Nursing and Allied Health Literature.

a Ten studies were non-English and did not answer identified outcome measures.
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towel, blocked ~95% of viral particles similar in size 

to SARS-CoV-2, as detected by PCR. However, the 

authors of the study considered this insufficient pro-

tection for health care clinicians and suggested use of 

N95 respirators.14

Fit and Airflow
Four studies investigated fit, particle leakage, or airflow 

of cloth masks in human volunteers.9,10,12,16 One study 

used a commercial fit-testing system for cloth masks 

that were constructed and worn by volunteers,9 and 

Table 1. Observational and Nonhuman Subjects Study Appraisal Results

Publication Study Type

Overall 
Study 

Assessmenta

Appropriate 
Study 
Design

Prospective 
Calculation 

of Study Size

Blinding of 
Patients and 
Personnel

Patient 
Selection/

Inclusion Criteria

Davies et al9 Nonrandomized trial High Yes No No Yes

Liu et al10 Nonrandomized trial High Yes No No No

Rengasamy et al11 Laboratory efficacy study High Yes No No …

van der Sande et al12 Nonrandomized trial High Yes No No No

Furuhashi13 Laboratory efficacy study Moderate Yes No No …

Ma et al14 Laboratory efficacy study Moderate Yes No No …

Quesnel15 Single-case experiment Low Yes No No No

Sellers et al16 Nonrandomized trial Low Yes No No Yes

a Determined by review of 11 appraisal domains in context of study strengths and weaknesses.

Table 2. Summary of Included Studies

Characteristics

Outcomes

Efficacya Effectivenessb

Publication Study Type Population Pathogen/Particle Filtration Fit Airflow Infection

MacIntyre 
et al17

Randomized 
trial

Health care clinicians in 
high-risk wards in Viet-
nam (N = 1,607)

Viral respiratory 
infection,c aerosol-
ized particles

Cloth <  
medical

… … Cloth < medical 
(  infection in 

cloth)

Davies et al9 Nonrandomized 
trial

Volunteers, general popu-
lation (N = 21)

Aerosolized virus,d 
aerosolized bacteriad

Cloth <  
medical

Cloth <  
medical

Cloth <  
medical

…

Liu et al10 Nonrandomized 
trial

Surgeons (N = 50) Bacteriad Cloth <  
medical

… Cloth <  
medical

…

Sellers et al16 Nonrandomized 
trial

Human subjects exposed 
to hand-and-foot virus 
(N = 8)

Picornaviruse … … … Cloth = medical 
(  infection in 

both)

van der Sande 
et al12

Nonrandomized 
trial

Volunteers, general popu-
lation (N = 39)

Particles (0.02-1 μm) … Cloth <  
medical

… …

Furuhashi13 Laboratory effi-
cacy study

… Bacteriad Cloth <  
medical

… Cloth <  
medical

…

Ma et al14 Laboratory effi-
cacy study

… Aerosolized virusf Cloth =  
medical

… … …

Rengasamy 
et al11

Laboratory effi-
cacy study

… Aerosolized particles 
(20-1,000 nm)

Cloth <  
N95

… … …

Quesnel15 Single-case 
experiment

Single human test subject, 
general population

Bacteriad Cloth =  
medical

… … …

hMPV = human metapneumovirus; PCR = polymerase chain reaction.

Note: < indicates less effective or efficacious; = indicates no difference in effectiveness or efficacy;  indicates increased incidence.

a Efficacy refers to the performance of mask materials in a laboratory setting.
b Effectiveness refers to the performance of masks when used by human subjects in clinical environments.
c Influenza-like illness and/or pharyngeal swab multiplex PCR-confirmed infection (rhinovirus, hMPV, influenza, etc).
d Viable pathogen detected via postfiltration colony formation.
e Viral colony formation from nasal swab.
f Virus detected via postfiltration PCR.
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another quantified fit by measuring inward particle 

leakage by homemade tea towel masks compared to 

medical masks.12 These investigations concluded that 

cloth masks provide a measurable barrier but have 

worse fit and a greater level of particle leakage com-

pared to medical masks.9,12

Limited airflow through cloth materials can contrib-

ute to breathing difficulties and particle leakage. Thus, 

airflow is an important consideration in cloth mask 

design. Airflow was assessed in 2 studies with human 

subjects.9,10 The materials with the greatest filtration 

efficacy (vacuum bag and tea towel) were countered by 

very low airflow, which made breathing difficult and 

limits use of these materials.9,10

Infection Risk
Two studies evaluated cloth mask effectiveness outside 

of laboratory conditions.16,17 The only RCT published 

to date reported the differences in infectious outcomes 

with standardized use of cloth masks, medical masks, 

and usual practice and called into question their effec-

tiveness in clinical environments.17 Usual practice in 

that study included variable cloth mask use. Partici-

pants in that study arm were permitted to choose the 

type and duration of mask use throughout the study; 

therefore, there was no true unmasked control arm. 

Both intention-to-treat and post hoc analyses adjusting 

for compliance and confounders found greater rates of 

influenza-like illness (ILI) in the cloth mask arm com-

pared to the medical mask arm. Of note, the relative 

risk of ILI was 13.25, and the 95% CI ranged broadly, 

from 1.74 to 100.97. Comparing participants from all 

arms who exclusively wore medical masks to those 

who only wore cloth masks, the incidences of ILI and 

laboratory-confirmed virus were significantly greater 

among health care clinicians who used cloth masks. 

The RCT’s authors could not definitively determine 

whether these results reflected superior protection 

from medical masks or a harmful effect of cloth masks. 

Considering their prior findings of negligible effect of 

medical masks against viral infection compared to N95 

respirators,18,19 and that the medical mask used had 

particularly poor filtration, they concluded that the 

increased incidence of ILI in cloth mask users might be 

due to a detrimental effect of cloth masks.

Sellers et al evaluated cloth mask effectiveness 

against the transmission of foot-and-mouth virus.16

That study compared viral transmission of foot-and-

mouth virus in exposed subjects wearing industrial 

gauze and cotton masks, cloth surgical masks, or paper 

masks. They concluded that the industrial and cloth 

masks minimally decreased total virus inhalation, and 

paper masks had no effect.

DISCUSSION
The current COVID-19 pandemic has at times caused 

a shortage of PPE worldwide. Communities across the 

United States have mobilized efforts to provide health 

care clinicians with homemade cloth masks20 as a reus-

able and accessible last-resort face covering. Primary 

care clinicians must decide how to protect themselves 

and their colleagues when adequate numbers of medi-

cal masks are not available. Several reports published 

during this pandemic addressed the effectiveness of 

cloth mask use in the community to prevent viral 

spread21-25; however, the use of cloth masks for protec-

tion of health care clinicians has not been thoroughly 

explored. This rapid review identified the relevant 

literature and brings together the disparate variables 

Subject 
Comparability

Appropriate 
Endpoints

Assessment 
of Outcomes/

Exposure

Follow-Up/
Handling of 
Missing Data Reporting Confounding

Appropriate 
Statistical 
Analysis

Yes Yes Yes Yes Yes Yes Yes

Yes Yes Yes Yes Yes Yes Yes

… Yes Yes … Yes Yes Yes

Yes Yes Yes Yes Yes Yes Yes

… Yes Yes … Yes Yes Yes

… Yes Yes … Yes Yes Yes

Yes Yes Yes Yes Yes Yes No

No Yes Yes No No No Yes

Limited airflow through cloth materials can contrib-

ute to breathing difficulties and particle leakage. 

The materials with the greatest filtration 

efficacy (vacuum bag and tea towel) were countered by

very low airflow, which made breathing difficult and 

limits use of these materials.9

they concluded that the 

increased incidence of ILI in cloth mask users might be 

due to a detrimental effect of cloth masks.
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of filtration, fit and airflow, and clinical effectiveness to 

evaluate the potential for cloth masks to protect health 

care clinicians.

Filtration
Our qualitative synthesis suggested that cloth materials 

provide a measurable level of particle filtration. On this 

basis alone, cloth masks are superior to complete lack 

of face protection. However, this cannot serve as reas-

surance of sufficient protection for health care clini-

cians. The level of filtration provided is highly variable 

and consistently inferior to standard medical masks.9-

11,13-15 Studies included in this review that considered 

protection for the wearer suggested that the filtration 

capabilities of cloth masks would not adequately pro-

tect health care clinicians against viral infection.12,14,17 

For clinicians treating patients with COVID-19, it is 

notable that none of the studies in this review specifi-

cally tested SARS-CoV-2 transmission, and only 1 

study selected experimental bioaerosols for physical 

similarity to SARS-CoV-2.14 In addition, conclusions 

regarding filtration were based on investigations of 

aerosolized particles including noncoronaviruses,9,11,14,16 

bacteria,8,13,17 and simulated biologic particles.12,15 

According to the World Health Organization, contact 

and respiratory droplets are the primary method of 

SARS-CoV-2 spread,26 and aerosols are thought to play 

a smaller role.22 The majority of efficacy studies exam-

ined here investigate filtration of aerosolized particles 

or virus rather than droplet or contact protections. 

Thus, we must interpret these results with caution in 

the context of COVID-19.

Fit and Airflow
When considering a cloth mask as opposed to medi-

cal masks or a bandana or scarf, fit and airflow are 

essential elements to consider. These are also elements 

that distinguish medical masks from N95 respirators. 

Poor fit decreases protection because particles can pass 

through gaps between the wearer’s face and the mask, 

while poor airflow causes breathing difficulty, causing 

compliance issues.9,14 No current studies compared 

variable designs of cloth masks for fit or airflow, but 

multiple studies showed inferior fit of cloth masks com-

pared to medical masks. Two studies found that the 

studied designs and materials of cloth masks limit both 

proper fit and airflow, leading to decreased protection 

and breathing difficulties.8,14 This poses a significant 

challenge to cloth mask use and presents an opportu-

nity for future research and development.

Clinical Effectiveness
Although multiple studies indicated that cloth masks 

might be somewhat efficacious, the single clinical 

investigation suggests that they provide inferior pro-

tection in clinical settings and might even increase risk 

to health care clinicians. Whereas that work suggested 

that clinicians should exercise caution when choosing 

to use cloth masks, there are no similar real-world stud-

ies to support or refute this conclusion and no inves-

tigations as to why cloth masks might have increased 

risk of viral infection. Although they considered poor 

filtration, moisture retention, ineffective cleaning, 

and reuse of cloth masks as possible contributors, the 

authors did not detail how health care clinicians used 

their 5 provided cloth masks over their 8-hour shifts. 

This prevents conclusions regarding length of use 

and moisture retention. The authors noted that 80% 

of cloth mask wearers washed their masks at home 

with soap and water rather than in hospital-grade 

laundry.17 In addition, the RCT isolated human meta-
pneumovirus, rhinoviruses, and influenza B virus, which 

differ in transmission and pathogenic properties from 

SARS-CoV-2.21

Strengths and Limitations
To our knowledge, this is the only contemporary rapid 

review of cloth face masks specifically for health care 

clinician protection. Strengths of this rapid review 

include a comprehensive search of high-yield data-

bases, in consultation with a health sciences librar-

ian. Owing to the limited number of eligible articles, 

studies of all grade scores were included. This review 

excluded studies considering environmental contami-

nants such as diesel particles. The body of literature 

on environmental contaminants might provide addi-

tional insight regarding the protective qualities of cloth 

masks that were not addressed by this review. Other 

considerations, including virus viability on masks or 

mask materials and behavior change associated with 

mask use, lack definitive understanding.27 Given the 

lack of quantity and quality of literature available, this 

review cannot remark definitively on protection for 

health care clinicians from COVID-19 by cloth masks.

Recommendations
Current CDC guidelines recommend use of an N95 

respirator for care of patients with COVID-19 because 

medical masks cannot provide the same level of pro-

tection against aerosolized particles.28 Whereas there 

is some evidence for SARS-CoV-2 aerosol transmis-

sion,22,26 protective measures against droplet transmis-

sion should also be considered. For a primary care cli-

nician without access to medical masks, our qualitative 

synthesis of the literature suggests that it is better to 

wear a cloth mask than no mask but not without care-

ful consideration of harm reduction. The psychologic 

theory of risk compensation refers to the concept that 
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humans might behave less conservatively when they 

believe their risk to be decreased.27 This is essential 

to consider when creating policies regarding the use 

of cloth masks and messaging to health care clinicians 

regarding their risks when wearing cloth masks.

We emphasize the CDC’s recommendation of pair-

ing cloth masks with a plastic face shield.5 Consider-

ing the findings of MacIntyre et al,17 it is important 

to address the potential for increased risk of viral 

infection to the wearer. We recommend frequent cloth 

mask changes to reduce the risk of moisture retention 

and washing according to hospital laundry standards 

to decrease the risk of ineffective cleaning. The rapidly 

evolving nature of research and literature regarding 

protective face coverings during the COVID-19 pan-

demic presents a challenge for those trying to stay up 

to date. The CDC has published a running list of stud-

ies on masks that might provide additional guidance 

for health care clinicians considering cloth masks.29

CONCLUSIONS
Review of the current literature suggests that cloth 

materials are somewhat effective in filtering particles 

and aerosols, but cloth masks provide inferior protec-

tion, with poorer fit and airflow, compared to medical 

masks. Some data also suggest a potential harm to 

health care clinicians using cloth masks for extended 

periods in the clinical setting. Cloth masks should not 

be considered equivalent to medical masks, and if clini-

cians choose to use them, level of fit, type of material, 

and number of layers should be considered. Overall, 

we conclude that cloth masks lack evidence for ade-

quate protection of health care clinicians against viral 

respiratory infections, and health care clinicians should 

use caution when deciding whether to use cloth masks 

for extended clinical work.

Additional research is needed to provide a com-

plete understanding of cloth mask effectiveness in 

health care environments. Future work should include 

systematic comparison of different cloth mask designs 

and cloth types against standard surgical masks and 

N95 respirators in a controlled laboratory setting to 

optimize fit and material properties. Additional RCTs 

are required to assess the realities of cloth mask use by 

health care clinicians.

To read or post commentaries in response to this article, see it 
online at https://www.Ann Fam Med.org/content/19/1/55.
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Both the Centers for Disease Control and Prevention (CDC) and the World Health Organization
now recommend cloth masks for the general public... (UC San Francisco)

More research on cloth masks is needed to inform their use as an alternative to surgical
masks/respirators in the event of shortage or high-demand situations. To our knowledge, only 1
randomized controlled trial has been conducted to examine the efficacy of cloth masks in
healthcare settings, and the results do not favor use of cloth masks.

More randomized controlled trials should be conducted in community settings to test the efficacy of
cloth masks against respiratory infections. (CDC, October 2020, Source)

...more than 70 percent of COVID-positive patients contracted the virus in spite of faithful mask
wearing while in public. Moreover, 14 percent of the patients who said they “often” wore masks
were also infected. Meanwhile, just four percent of the COVID-positive patients said they “never”
wore masks in the 14 days before the onset of their illness. (Source)

Plaintiff's Exhibit 92



“This finding suggest that risk for infection was higher for those wearing cloth masks.”

The World Health Organization (WHO) advises the use of masks as part of a comprehensive
package of prevention and control measures to limit the spread of SARS-CoV-2, the virus that
causes COVID-19. A mask alone, even when it is used correctly, is insufficient to provide
adequate protection or source control.

“It is not known how much the use of masks in the community can contribute to a decrease in
transmission in addition to the other countermeasures” (Source)

Remember streptococcus cells are between 0.5 and 2 microns, roughly 5-20 times larger than
SARS-CoV-2 virions (which are about 0.06-0.14 microns), yet the masks still failed to protect
against them and perhaps contributed to the spread of the bacteria. (Source)

“This finding suggest that risk for infection was higher for those wearing cloth masks.”

A mask alone, even when it is used correctly, is insufficient to provide
adequate protection or source control.



The size of the virus based on electron micrographs show that the virus varies from 60 to 140
nanometers in diameter (.06 to .14 microns). N95 filters provide filtration down to .3 microns. On
this basis alone, they should not be relied on for protection from small virus particles such as those
of SARS-CoV-2. (Source)

..the pores in surgical masks are about 30 times larger than the average size of SARS-CoV-2
virions, and some of the cheap (but more comfortable) cotton masks that are commonly worn have
pores hundreds of times larger than the virus particles. (Source)

An experiment using high-speed video found that hundreds of droplets ranging from 20 to 500
micrometers were generated when saying a simple phrase, but that nearly all these droplets were
blocked when the mouth was covered by a damp washcloth. (NEJM: Visualizing Speech-
Generated Oral Fluid Droplets with Laser Light Scattering)

We did not assess the relative roles of droplets generated during speech, droplet nuclei, and
aerosols in the transmission of viruses.

The following from WHO is listed as behavior that can increase transmission:

Touching mouth and nose

Touching a mask in use

Touching a clean mask with unwashed hands

Not washing hands every time after touching a dirty mask

Wearing a mask that is not new and clean

Continuing to wear a mask after it has become damp

Re-using a single-use mask



Not discarding a single-use mask immediately upon removal, as opposed to leaving it in the
immediate environment

(Source: Alan Stevo)

The Centers for Disease Control and Prevention (CDC) does not recommend that the general
public wear N95 respirator masks to protect themselves from respiratory diseases, including
coronavirus (COVID-19) (Source)

Cloth masks actually risk your health rather than protect it. The moisture caught in these masks
will become mildew-ridden in thirty minutes. Dry coughing, enhanced allergies, sore throat are all
symptoms of a micro-mold in your mask’

Disposable surgical face masks are made of synthetic fibers, including polymers such as
polypropylene, polyurethane, polyacrylonitrile, polystyrene, polycarbonate, polyethylene or
polyester. There is an inner layer of soft fibers and a middle layer, which is a melt-blown filter, as
well as a water-resistant outer layer of nonwoven fibers.9 This study shows FT-IR spectra of the
degrading fibers of disposable masks. It found that disposable face masks “could be emerging as
a new source of microplastic fibers, as they can degrade/fragment or break down into smaller
size/pieces . . . .

Research on synthetic fibers has shown a correlation between the inhalation of synthetic fibers
and various bronchopulmonary diseases, such as asthma, alveolitis, chronic bronchitis,
bronchiectasis, fibrosis, spontaneous pneumothorax and chronic pneumonia. Cellular proliferation
made up of histiocytes and fibroblasts were found in the lungs of those exposed to synthetic fibers
in ambient air. Focal lesions in the lungs showed granulomas and collagen fibers containing both
fine dust and long fibers. Some of the lung illnesses from this exposure could be reversed, while
others had already proceeded to pulmonary fibrosis. (Source)

Cloth masks actually risk your health rather than protect it. The moisture caught in these masks
will become mildew-ridden in thirty minutes. Dry coughing, enhanced allergies, sore throat are all
symptoms of a micro-mold in your mask’



... untrained members of the public are wearing medical masks, repeatedly… in a non-sterile
fashion… They’re becoming contaminated. They’re pulling them off of their car seat, off the
rearview mirror, out of their pocket, from their countertop, and they’re reapplying a mask that
should be worn fresh and sterile every single time. (Dr. James Meehan, MD)

After you have become informed, and you do not agree you should
wear a mask, simply do not consent.
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WHO Admits:
Not Clear Masks Prevent Viral Infection’

“…the use of a mask alone, even when correctly used (see below), is
insufficient to provide an adequate level of protection for an uninfected
individual or prevent onward transmission from an infected individual.”



,



Hospital Respiratory Protection
Program Toolkit 
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extremely

Wen is a supporter of mandates, so perhaps she thinks the higher quality masks
should be required in some settings. Yet if she’s right, it means the masks that the
overwhelming majority of people are wearing in order to comply with mandates—in
public schools, on public transportation, in many workplaces, gyms, and even social
settings—aren’t doing any good.

They represent another element of pandemic hygiene theater: a public health
requirement that makes people feel safer without offering them much actual
protection.

it means the masks that the
overwhelming majority of people are wearing in order to comply with mandates—in
public schools, on public transportation, in many workplaces, gyms, and even socialp
settings—aren’t doing any good.

They represent another element of pandemic hygiene theater: a public health
requirement that makes people feel safer without offering them much actual
protection.pp



As Katie covered back in August, another CNN guest — former Biden advisor and
University of Minnesota Center for Infectious Disease Research and Policy Director
Michael Osterholm — similarly said that “many of the face cloth wearings people
wear today are not very effective in reducing any of the virus movement in or out.”
But the White House, via Press Secretary Jen Psaki, rejected Osterholm’s
conclusion.

t “many of the face cloth wearings people
wear today are not very effective in reducing any of the virus movement in or out.”
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Balkanizes Society



The contention that “facemasks are just an inconvenience” amounts to abusive
manipulation that steals the ability of the victims of forced masking to identify
and articulate the suffering and harm they experience from forced mask
wearing.





Paul Elias Alexander

Dr. Paul Alexander is a former assistant professor at McMaster University in evidence-based medicine and
research methods. He’s also a former COVID Pandemic evidence-synthesis consultant advisor to WHO-PAHO
Washington, D.C., and former senior advisor to COVID Pandemic policy in Health & Human Services (HHS)
Washington, D.C.
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