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Introduction’

Both the Food and Drug Administration (FDA) and the National In-
stitute for Occupational Safety and Health (NIOSH) have responsibilities
for evaluating and regulating respiratory protective devices (termed “res-
pirators” for this proceedings) for health care workers. Respirators pro-
tect the user from respiratory hazards by either removing contaminants
from the air (air-purifying respirators) or by supplying clean air from
another source (air-supplying respirators) (NIOSH, 2016). Respirators
that are used in workplaces in the United States must be approved by
NIOSH and meet standards and test results specified by regulation (42
Code of Federal Regulations [CFR] Part 84).

Respirators used by health care workers are air-purifying respirators
that generally fall into three types: (1) disposable particulate filtering
facepiece respirators (also termed N95s);” (2) elastomeric respirators,
also known as reusable respirators because they use a replaceable filter
(that can either be washable and able to be cleaned and disinfected or
have a “disposable (rubber-like) facepiece”; or (3) powered air-purifying
air respirators (PAPRs) in which a battery-powered blower moves the air
through the filters (NIOSH, 2016).

This Proceedings of a Workshop focused on N95 respirators. As not-
ed above, NIOSH certifies all N95 respirators. A subset of N95 respira-

'"The planning committee’s role was limited to planning the workshop, and the Pro-
ceedings of a Workshop was prepared by the workshop rapporteurs as a factual account
of what occurred at the workshop. Statements, recommendations, and opinions expressed
are those of individual presenters and participants and have not been endorsed or verified
by the National Academies of Sciences, Engineering, and Medicine. They should not be
construed as reflecting any group consensus.

>The N95 respirator is the most common of the seven types of particulate filtering
facepiece respirators. This product filters at least 95 percent of airborne particles but is
not resistant to oil.
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tors termed “surgical N95 respirators” (also termed “surgical N95s”) is
designated and cleared by FDA. This subset differs from standard N95s
(also termed “nonsurgical N95s”) in that surgical N95s are products that
have been submitted for FDA clearance and have met FDA’s additional re-
quirements related to flammability, fluid resistance, and biocompatibility.

The distinction between NIOSH approval and FDA clearance has
created confusion among health care delivery organizations, health care
professionals, and other end users. To improve clarity and increase effi-
ciency, NIOSH and FDA are considering streamlining the approach for
regulatory oversight and approvals for N95 respirators intended for use
in health care settings. Under a streamlined approach, it is anticipated
that NIOSH would determine whether the N95 filtering facepiece respi-
rator receives approval based on specific criteria agreed upon by the two
agencies. However, the evaluation of flammability, fluid resistance, and
biocompatibility for N95 filtering facepiece respirators are new assess-
ments for NIOSH as they have historically been performed by manufac-
turers and submitted for FDA review as a part of the agency’s 510(k)
pre-market notification.

To provide input to NIOSH and FDA and to discuss potential next
steps to integrate the two agencies’ processes to certify and approve N95
respirators for use in health care settings, a workshop was held by the
National Academies of Sciences, Engineering, and Medicine (the Na-
tional Academies) in Washington, DC, on August 1, 2016. The workshop
was focused on exploring the strengths and limitations of several current
test methods for N95 respirators as well as identifying ongoing research
and research needs. The workshop resulted from discussions between
FDA and NIOSH and from discussions of the National Academies’
Standing Committee on Personal Protective Equipment for Workplace
Safety and Health. This workshop provided the opportunity to exchange
knowledge and ideas between health care professionals, policy makers,
and manufacturers involved in the field of personal protective equipment
for health care workers. Box 1-1 provides the statement of task for this
workshop. A planning committee was appointed to organize the work-
shop, which brought together representatives from the user, manufactur-
er, distributor, and research communities, as well as from federal
regulatory agencies, to discuss the topic at hand.

This Proceedings of a Workshop describes the presentations given
and the topics discussed. Text included under a specific presentation is
attributable to the individual presenter listed unless otherwise noted. The
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BOX 1-1
Integration of FDA and NIOSH Processes Used to Evaluate
Respiratory Protective Devices for Health Care Workers:
A Workshop
Statement of Task

An ad hoc committee will plan and conduct a 1-day public work-
shop that will focus on current processes and next steps toward
the integration of federal processes for respiratory protective de-
vices for use in health care settings. The workshop, through invited
speakers and participant discussion, will explore current evaluation
processes and potential options for test methods and evaluation
processes. The Food and Drug Administration (FDA) and the Na-
tional Institute for Occupational Safety and Health (NIOSH) have
responsibilities for evaluating and regulating respiratory protective
devices (RPDs) for health care workers.

This workshop participants will examine the following issues re-
garding the current processes and next steps toward the integra-
tion of federal processes for respiratory protective devices for use
in health care settings:

e Test methods—The workshop will discuss tests and test-
ing requirements to be considered in a unified process for
evaluating N95 respiratory protective devices for use in
health care settings. Specifically, the following test meth-
ods and associated requirements will be discussed:

o Filtration performance—The workshop will provide an
overview of current test methods and identify any is-
sues that need to be resolved.

o Fluid resistance (splash and spray)—Currently, FDA
requires ASTM F1862—Standard Test Method for Re-
sistance of Surgical Mask to Penetration by Synthetic
Blood for validation of fluid resistance on surgical N95
respirators. The workshop will discuss the strengths
and limitations of this test method and alternative test
methods that could be considered.

o Flammability—The workshop will discuss flammability
testing and its applicability regarding all health care
settings and in surgical settings as well as explore the
current test method and alternative test methods that
could be considered.
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o Biocompatibility and usability—The workshop will dis-
cuss the strengths and limitations of test methods that
evaluate biocompatibility and usability, including is-
sues of cytotoxicity, sensitization, and irritation.

o Pre-market and post-market evaluation and testing require-
ments—The workshop will examine the issues regarding
the labeling and approval of products that exceed evalua-
tion standards. Approaches to post-market evaluation will
also be discussed.

e Third-party evaluations—Workshop participants will dis-
cuss the advantages and disadvantages of using qualified
third parties to perform some of the required evaluations in
the context of a unified process.

e Liability issues—Workshop participants will discuss the pros
and cons for supporting various options from a liability point
of view.

e Other types of respiratory protective devices—Workshop
participants will discuss the issues and specific approaches
that could be used to determine how other types of RPDs
could be evaluated in the context of a unified process.

The committee will plan and organize the workshop, select and
invite workshop speakers and discussants, and moderate the dis-
cussions. A summary of the presentations and discussions at the
workshop will be prepared by a designated rapporteur in accord-
ance with institutional guidelines.

Following this introductory chapter, Chapter 2 presents user, manu-
facturer, and distributor perspectives on several issues related to N95
respirators, including how they should be tested to ensure worker safety
and health and if there are challenges arising from having surgical and
standard N95 respirators. Chapter 3 discusses the state of the science and
potential priorities for research and standards development for filtration
performance, fluid resistance, flammability, biocompatibility, and usabil-
ity. Chapter 4 recounts the discussions about options for post-market
surveillance. The workshop proceedings concludes in Chapter 5 with a
summary of three breakout group discussions and a synopsis of the
workshop’s major themes and discussions.
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OPENING REMARKS

In her welcome and introductory remarks, Linda Hawes Clever, chair
of the National Academies’ workshop planning committee and a senior
physician at the California Pacific Medical Center, noted that the most
important part of the workshop’s objective was to ensure health care
worker safety, health, and productivity. Doing so, she explained, may
require surmounting barriers to the integration of federal processes re-
garding personal protective equipment for health care workers, and those
specific to N95 respirators would be discussed at the workshop.

Maryann D’Alessandro, director of NIOSH’s National Personal Pro-
tective Technology Laboratory (NPPTL), estimated that some 20 million
workers use personal protective equipment, including N95 respirators, on
a regular basis to protect themselves from job hazards. NPPTL, which
sponsored this workshop, is charged with conducting the research and
the surveillance necessary for the development and refinement of per-
sonal protective equipment standards and conformity assessment pro-
cesses, and with post-market surveillance of respirators and other
protective equipment.

NPPTL is also charged with conducting the certification testing on
NO95 and other respirators. The authority to certify respirators, she ex-
plained, dates back to the early 1900s and the Bureau of Mines, with
subsequent evolutions through the 1969 Federal Coal Mine Safety and
Health Act (Public Law 91-173) and the Occupational Safety and Health
Act of 1970 (Public Law 91-596). NIOSH’s charge is now detailed in
Title 42, Part 84 of the CFR.

Today, she said, both NIOSH and FDA have authorities over a sub-
set of N95 respirators designated as surgical N95 respirators, and these
concurrent authorities have resulted in confusion in the marketplace and
challenges for health care institutions. Among these, said D’Alessandro,
is the duplication of efforts by the two agencies in requiring similar pro-
cesses, multiple and sometimes overlapping processes for manufacturers,
and confusion in the marketplace with regard to whether NIOSH, FDA,
or both must approve a particular product. The approval process as it
stands becomes even more complex, she added, when these products are
intended for use by emergency responders because of requirements in the
Public Readiness and Emergency Preparedness Act (Public Law 109-148).

As aresponse to these issues, NIOSH and FDA are putting together a
Memorandum of Understanding (MOU) through which the two agencies
will develop a process to reduce the conflicting and duplicative steps that
manufacturers have to go through to obtain approval for a surgical N95
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respirator. It is her hope, said D’Alessandro, that the input from this
workshop will move the MOU forward. She noted that the Secretary of
Health and Human Services, the FDA Commissioner, and the director of
the Centers for Disease Control and Prevention (CDC) are all interested
in seeing the MOU finalized and work begin on the harmonization process.

Toward that end, she stated that from her perspective the goals for
the workshop were to obtain input from stakeholders on

Test methods and other features of approval/clearance process,
Approaches to reduce conflicting and duplicative steps,
Pre-approval and post-approval activities, and

Additional approaches to improve workplace safety and health.

Aftin Ross, senior project manager at FDA’s Center for Devices and
Radiological Health, welcomed the workshop participants and noted that
the shared goal of the workshop is to “ensure that health care workers
have the respiratory protective devices they need both in their day-to-day
work as well as in the event of an airborne infectious disease pandemic
such as HINI influenza in 2009.” She explained that because surgical
NO95s fall under the authorities of both FDA and NIOSH that the agencies
have been looking at ways of increasing information sharing and inte-
grating processes and activities regarding the approvals of these respira-
tors. Toward that end, she noted that the goals of the workshop are to

e Hear perspectives from stakeholders regarding their experiences
with N95 respirators in the health care setting,

e Examine the test methods used to evaluate N95s, and

e Discuss the opportunities and challenges of integrating the
NIOSH and FDA processes that aim to ensure the safety of
health care workers.



2

Perspectives from Users, Manufacturers,
and Distributors

In the workshop’s first panel session, those who use, manufacture,
and distribute N95 respirators were asked to address the following in
their presentations and discussions:

o  What N95 respirator attributes need to be tested to ensure worker
safety and health in health care settings (e.g., filtration, flamma-
bility, fluid resistance, biocompatibility, others)?

e What, if any, are the current issues being faced with having two
types of N95 respirators (surgical N95s and standard N95s)?

e In your opinion, what are the priorities for research, testing, and
post-market surveillance to improve N95s for health care work-
ers’ safety and health? What are the priorities to be considered in
the integration of FDA and NIOSH evaluation processes for
N95s?

USER PERSPECTIVE: MAYO CLINIC
Jeffrey Nesbitt, Mayo Clinic, Minnesota

The health care respiratory protection program at the Mayo Clinic is
responsible for conducting annual fit testing' of respiratory protective
devices for nurses, nurse practitioners, residents, physicians, and other
personnel who care for patients in both inpatient and outpatient settings,
as well as for those who work in clinical laboratories and who conduct

'Fit testing is the process by which the appropriate respirator model and size is identi-
fied for the respirator user. Fit testing protocols using qualitative or quantitative tests are
specified by the Occupational Safety and Health Administration in 29 CFR 1910.134.

7
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autopsies. The staff members are from 62 units at the institution that
support or are part of 13 patient care units. In total, some 1,700 staff
members are tested annually. Currently, explained Nesbitt, the Mayo
Clinic uses eight models of N95 respirators from three manufacturers to
try to achieve fit for all employees who need respirators. All of the N95s
that they use are NIOSH approved. The respirators from one manufac-
turer are FDA-cleared surgical N95s, another are not FDA-cleared surgi-
cal N95s, and the third has a product that is not FDA-cleared but has
passed the FDA-specified fluid resistance performance test (ASTM
F1862—Standard Test Method for Resistance of Surgical Mask to Pene-
tration by Synthetic Blood).

From this selection, Nesbitt noted that 92 percent of the staff were
able to find a respirator that passed the fit test on their faces but that the
fit test process can be quite time intensive with health care workers often
having to try on several makes, models, and sizes. Additionally, there are
significant monetary and staff costs associated with warehousing the
requisite sizes and brands for meeting operational and emergency re-
sponse needs and for keeping track of the expiration dates on the respira-
tors and restocking as needed. Record keeping is also extensive and aims
to inform managers about whether their employees are medically cleared
for respirator use, have been fit tested, and have received the required
training in their use.

In closing, Nesbitt said that performance and comfort are the most
important attributes that need to be tested to ensure worker safety and
health. The main issues he sees with having two types of N95 respirators
for health care workers are that it creates confusion and there is a default
assumption that fluid resistance is adequate in any approved N95 prod-
uct. With regard to research priorities, Nesbitt said that developing better-
fitting N95 respirators would be a significant improvement for organiza-
tions with a large number of employees that use these respirators and that
more research is needed to establish guidelines on the appropriate reuse
of NO5 respirators.

USER PERSPECTIVE: JOHNS HOPKINS UNIVERSTIY
Geeta Sood, Johns Hopkins University

As an infectious disease specialist, Sood’s experience with N95 res-
pirators comes from personal use but also from chairing her facility’s
infection control committee, which receives reports of medical center
staff who do not use their N95s when appropriate. She explained infec-
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tious disease transmission can be through direct contact, via large drop-
lets, and also by airborne transmission of droplets less than 0.5 microns
in diameter, or by some combination of those routes. Respirators are par-
ticularly useful when concerned about airborne transmission of varicella,
tuberculosis, influenza, or severe acute respiratory syndrome (SARS) and
are particularly useful when intubating a patient or performing a bron-
choscopy, so the filtration performance of an N95 respirator is important
in those settings.

Sood’s main concern is that health care workers do not use N95 res-
pirators as often as they should, and even when they do, they often do not
use them appropriately. Discomfort is the main reason people do not use
these respirators—she said every time she puts one on she counts the
seconds before she can remove it. She noted that not all of the relevant
staff at her institution get fit tested annually as required, and this is a par-
ticular challenge when someone has facial hair or experiences weight
changes that make a previous fit unreliable. The availability of different
sizes from different manufacturers can be a challenge when someone
needs an N95 at a patient’s bedside and the model and size for which that
person has been fitted is not available. Even when the right respirator is
available, many people do not put them on properly and can even self-
contaminate the respirator. The latter is such a significant problem, said
Sood, that there is a great deal of research on self-contamination in the
infection control field.

In her institution, Sood noted, they use N95 respirators from two
manufacturers and each comes in multiple sizes. The many options cre-
ate challenges for fit testing, storage, and record keeping as noted by the
prior speaker.

As far as the attributes of N95 respirators that need to be tested, Sood
listed filtration ability, comfort, ease of proper use, fluid resistance, and
self-contamination risks. In Sood’s opinion, post-market surveillance
should be prioritized, and research is needed on self-contamination and
to develop respirators that are easier to implement in terms of supply, fit
testing, and comfortable use.

USER PERSPECTIVE: UNIVERSITY OF MARYLAND
MEDICAL CENTER
James Chang, University of Maryland Medical Center

The University of Maryland Medical Center (UMMC) is an academ-
ic medical center in Baltimore, Maryland, with approximately 9,000 staff
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and faculty members. The medical center uses respiratory protection in
two major scenarios, explained Chang. The first is to protect staff from
airborne infectious diseases, including tuberculosis, varicella, measles,
and more recently, novel pathogens, including HIN1 influenza and Mid-
dle East respiratory syndrome; and the second is for protection from air-
borne hazardous medications. UMMC currently uses elastomeric respira-
tors with P100 cartridges due to supply issues that began during the
HINI influenza pandemic. UMMC is in the process of replacing these
elastomeric respirators with disposable N95s in response to user reports
that it is inconvenient for mobile staff to access respiratory protection
when moving between locations or patients. Also, it has been observed
that staff are not always proficient at cleaning their elastomeric respira-
tors after use. In their place, will be three different disposable N95 mod-
els and PAPRs. Chang noted that they have received somewhat sur-
prising user feedback indicating that approximately 25 percent of those
who use elastomeric respirators want to stay with their reusable respira-
tor and not transition to the disposable N935s, citing comfort and a greater
feeling of safety as the two main reasons for not switching.

Fit testing with N95 respirators is of concern to Chang. It can take
him 15 minutes or longer to get an N95 respirator to fit someone proper-
ly. Proper fitting of disposable N95s can involve making several adjust-
ments to the straps or to the respirator’s position on the face and he
worries that it may be challenging for that person to replicate the steps it
took to achieve a reliable fit/seal when it comes time to use the respirator
months later. There is no easy way for the user to know that he or she has
achieved a reliable fit as the recommended fit check is highly subjective
and difficult to execute. The medical center will continue to provide
PAPRs for those individuals who require respiratory protection sporadi-
cally as well as those who are not fit tested successfully.

Addressing the questions specific to surgical N95s, Chang said that
the three brands of N95s used at UMMC are surgical N95s. The only
time that he is aware that the issues regarding surgical versus standard
N95s have come up at his institution was in planning for an influenza
pandemic, during which the medical center was looking at home im-
provement centers and industrial supply houses as potential sources for
NOS respirators.

With regard to performance characteristics needed for N95 certifica-
tion, UMMC does not consider flammability to be an issue. Citing the
comparison between a billowing surgical or isolation gown that might
come in contact with an ignition source, Chang noted that respirators
worn on the face in health care settings are unlikely to be brought near an
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ignition source or flame. However, fluid resistance and filtration perfor-
mance are of concern particularly regarding liquid splashes. He noted
that discussions regarding the U.S. Pharmacopeial Convention 800
standard for handling hazardous medications note that disposable respira-
tors offer little protection against direct liquid splashes (USP, 2016).
Chang also reiterated Sood’s concern about cross contamination and won-
ders about the validity of antimicrobial claims from some manufacturers.

Chang concluded his comments with three suggestions to improve
the effective use of disposable N95s in health care settings: develop res-
pirators with reliable and consistent fit that have a realistic means for
users to check the fit, create guidance on the resistance to hazardous
medication splashes, and prepare uniform guidance on the new anti-
microbial-treated N95s to determine how effective they are at preventing
cross contamination with and transmission of infectious agents.

A MANUFACTURER’S PERSPECTIVE
Craig Colton, 3M

From a manufacturer’s perspective, Colton noted, the N95 respirator
attributes that need to be tested depend on where it will be used and the
airborne hazards found in those settings. When it comes to respirator fil-
tration performance, the scientific literature shows that bioaerosols be-
have the same as other aerosols in workplace settings as well as aerosols
used for filter testing. However, the exposure of health care workers to
bloodborne pathoge