ResearRcH FUNDED BY VWORKSAFEBC

Strengthening N9o5 Filtering
Facepiece Respirator Protection
Programs by Evaluating the
Contribution of Each of the
Program Elements

October 2011

Principal Investigators
Quinn Danyluk & Chun-Yip Hon

RS2007-0G09

RLLLU4SAFE - | &)

WORKING TO MAKE A DIFFERENCE




All rights reserved. The Workers’ Compensation Board of B.C. encourages
the copying, reproduction, and distribution of this document to promote
health and safety in the workplace, provided that the Workers’
Compensation Board of B.C. is acknowledged. However, no part of this
publication may be copied, reproduced, or distributed for profit or other
commercial enterprise or may be incorporated into any other publication
without written permission of the Workers’ Compensation Board of B.C.

Additional copies of this publication may be obtained by contacting:

Research Services
6951 Westminster Highway
Richmond, B.C. V7C 1C6
Phone (604) 244-6300 / Fax (604) 244-6299
Email: resquery@worksafebc.com

WORKING TO MARKE A DIFFERENCE

WORK SAFE.

WORKERS" COMPENSATION BOARD OF NOVA SCOTIA


mailto:resquery@worksafebc.com

Strengthening N95 Filtering Facepiece Respirator Protection Programs by
Evaluating the Contribution of Each of the Program Elements

WCB File: RS2007-0G09

Co-Principal Investigators:

Quinn Danyluk CIH MSc Chun-Yip Hon MSc(A) CRSP CIH
Managing Consultant, Safety & Prevention PhD Candidate

Workplace Health School of Environmental Health
Fraser Health University of British Columbia
Suite 400, 13450 — 102" Avenue 3rd Floor, 2206 East Mall
Surrey, BC, V3T OH1 Vancouver, BC, V6T 173

Co-Investigators:

Dr. George Astrakianakis
School of Environmental Health, University of British Columbia;
Disease Prevention, Occupational Health and Safety Agency for Healthcare in BC

Dr. Elizabeth Bryce
Medical Microbiology and Infection Control, Vancouver Coastal Health

Bob Janssen
Policy & Research Division, WorkSafeBC

Dr. Annalee Yassi
School of Environmental Health, University of British Columbia;
School of Population and Public Health, University of British Columbia

Date Submitted: May 16, 2011
Resubmission date: October 11, 2011



BULLETED POINTS

The overall agreement found between the two Bitrex and Portacount fit-test methods is
slight to moderate.

There was no significant difference found between pass or failure rates associated with
annual versus biennial fit-test frequencies for N95 filtering facepiece respirators (N95 FFRs)
commonly used in healthcare. This suggests a lack of change in worker exposure if the fit-
test frequency were to increase from an annual basis to a biennial basis

N95 FFR donning skills did not differ significantly between staff fit-tested on an annual basis
only, biennial basis only, or biennial basis but with an annual education component in
between fit-tests in Year 3. There did seem to be an immediate positive effect of education
on the fit-test outcome; however, at some point following that over the course of a year,
this effect diminished.

Regular usage of N95 FFRs resulted in a lower fit-test failure rate and increased the level of
donning skills retained by staff using N95 FFRs.

The user seal check was not found to be an appropriate surrogate for a fit-test in
determining an adequate fit on an N95 FFR. If workers were to rely solely on the user seal
check without being appropriately fit-tested, there is the potential they would not be

adequately protected.



EXECUTIVE SUMMARY

When respirators are deemed necessary to be worn in a workplace to protect workers from
airborne hazards, a respiratory protection program (RPP) must be implemented. Overall, there
are four major elements of a RPP which are: 1) selection of respirators, 2) respirator user
education and training, 3) inspection, cleaning, maintenance and storage of respirators and 4)
respirator fit-testing. Although these elements are indicated as being essential, there are
guestions regarding the particulars. For example, how frequently should education and
training be provided to ensure adequate knowledge translation? What is the optimal frequency
for fit-testing to ensure that users are adequately protected? These concerns are especially
critical in healthcare as 16,000 workers (in only two of the five BC health authorities) have been
assessed to require the use of respirators, generally N95 filtering facepiece respirators (N95
FFR), for protection against bioaerosols. Such a large number of people requiring respirators
involves a considerable amount of both time and resources. It would therefore be important to
assess the relative importance of the RPP elements and, in turn, optimize the resources
necessary to ensure that individuals have the appropriate respiratory protection.
The specific objectives of the study are:
1. Compare the outcomes between the qualitative (i.e. Bitrex) and quantitative (i.e.
Portacount) fit-testing methods.
2.  Determine if there is a significant difference between failure rates associated with annual
versus biennial fit-test frequencies for N95 FFRs commonly used in healthcare.
3. Evaluate the level of N95 FFR donning skills retained by staff fit-tested on an annual basis
only, biennial basis only, or biennial basis but with an annual education component in

between fit-tests.



4, Determine the effect of regular usage on fit-test failure rates as well as on the level of
donning and doffing skills retained by staff using N95 FFRs.

5. Evaluate the applicability of a user seal check as a surrogate for a fit-test in determining
an adequate fit on an N95 FFR.

This was a multi-site study involving residential care facilities (as workers from these sites do

not normally wear respirators and, therefore, would not be in contravention of the current

WorkSafeBC Occupational Health and Safety Regulation requirement of annual fit-testing) and

select acute care departments (deemed regular N95 FFR users). Each subject was given

education/training, provided with a respirator and then fit-tested using both Bitrex and

Portacount in year 1. If they passed both fit-tests, they were included for the remainder of the

study. In subsequent years of the study, participants were divided into four groups and

“treated” as per the table below.

Participant Study Groups

Year 1 Year 2 Year 3
Grou Setting Selected From E i E i
P g duc.a t.|on/ Fit-Test duc.a t.|on/ Fit-Test | Fit-Test
Training Training

1 Residential Care v v v v v

2 Residential Care v v v v

3 Residential Care v v v

4 Acute Care v v v v v

The comparative analyses employed to meet the objectives are summarized in the table below:

Summary of Comparative Analyses Used to Assess Stated Objective

Objective | Description of comparison

1 Compare the QLFT and QNFT results for every single fit-test session

2 Compare fit-test pass rates in Year 3 between Group 1 and 3

Compare fit-test pass rates in Year 3 between Group 1, 2, and 3 (with Group 1 serving as

3
the control)

4 Compare fit-test pass rates in Year 3 between Group 1 and 4

5 Compare the user seal check results and fit-test pass rates for every single fit-test session




The results for each objective are as follows:

Objective 1: The overall agreement between the Bitrex and Portacount fit-test methods is slight
to moderate.

Objective 2: In Year 3, Group 1 and Group 3 had the same pass rates using the Bitrex method
(56%). The Portacount pass rates were also very similar — 41% for Group 1 and 43% for Group 3.
As such, there was no statistically significant difference found between pass or failure rates
associated with annual versus biennial fit-test frequencies. This suggests a lack of change in
worker exposure if the fit-test frequency were to increase from an annual basis to a biennial
basis.

Objective 3: Regardless of the fit-test method, the pass rates were virtually identical between
Groups 1, 2 and 3 in Year 3. This suggests that at that point in time, there was no positive or
negative effect from whether the subject had received education, fit-testing, or both in the year
prior compared to participants who had not received either intervention for a two-year period.
Objective 4: In Year 3, the pass rate among Group 4 participants (regular users) was 81% and
72% (Bitrex and Portacount, respectively) compared to Group 1 participants (non-users) with
pass rates of 56% and 41% (Bitrex and Portacount, respectively). This data suggest that regular
usage results in a higher fit-test pass rate.

Objective 5: Of the 784 subjects in this study population, 99.5% indicated that they felt they had
an appropriate face seal after performing the user seal check. However, the subsequent
respirator fit-test results had failure rates as high as 30% which demonstrate that the user seal
check is not able to identify a poorly fitting respirator as defined by a fit-test. If workers were to
rely solely on the user seal check without being appropriately fit-tested, there is the potential

they would not be adequately protected.
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1. RESEARCH PROBLEM / CONTEXT

WorkSafeBC’s Occupational Health and Safety Regulation (OHSR) section 5.55 (3), states that
the use of personal protective equipment (PPE) as the primary means to control exposure is
permitted only when: (a) substitution, or engineering or administrative controls are not
practicable, or (b) additional protection is required because engineering or administrative
controls are insufficient to reduce exposure below the applicable exposure limits, or (c) the
exposure results from temporary or emergency conditions only.

Healthcare workers often employ the use of respirators as PPE, specifically the N95 filtering
facepiece respirator (N95 FFR), as all three aforementioned conditions are likely when caring
for patients who are potentially ill with an airborne infectious disease.?

When respirators are required in the workplace, regulatory bodies including WorkSafeBC
(WSBC), require the implementation of a respiratory protection program (RPP). Once the need
is established through a risk assessment, the four major elements of a RPP are: 1) selection of
respirators, 2) respirator user education and training, 3) inspection, cleaning, maintenance and
storage of respirators and 4) respirator fit-testing." Most jurisdictions in Canada, including
British Columbia, make reference to CSA Standard Z94.4 Selection, Care, and Use of Respirators
(2002) to fulfill elements of the RPP.? Each of the four elements of a RPP is outlined in detail in
the following sections.

1.1. Elements of a Respiratory Protection Program

1.1.1. Selection of Respirators

The selection of a respirator is based on a number of criteria including an analysis of the
airborne hazard(s), the physical characteristics of the work environment, the physical demands
of the task, and the capabilities and limitations of various respirators.* The most common type
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of respirator used in healthcare is the N95 FFR, which is classified as an air-purifying respirator.
N95 FFRs are used by healthcare workers for protection against airborne bioaerosols, such as
tuberculosis and measles.”® N95 FFRs are not solely used in healthcare; they are also utilized in
other industries for various workplace applications including, but not limited to, grinding,
sanding, sweeping, bagging and other dusty operations.

The entire facepiece of the N95 FFR acts as the filtration mechanism to remove particulate from
the air breathed in by the respirator user. The “N95” refers to the National Institute for
Occupational Safety and Health (NIOSH) rating indicating the material is not resistant to oil mist
and is at least 95% effective in filtering out 0.3 micron sized particles.” An N95 FFR has an
assigned protection factor of 10.

1.1.2. Respirator User Education and Training

Education and training on respirator usage is typically provided at the same time that a person
is fit-tested. According to the CSA Standard, training shall consist of general knowledge
principles (including reference to the RPP), instructions on the care and practical use of the
respirator, and the limitations of the selected respirator. Respirator wearers are also taught the
need to perform a ‘user seal check’ prior to using the respirator as it is deemed necessary to
test for gross leaks. A user seal check is a subjective procedure that consists of placing both
hands completely over the N95 FFR and inhaling and exhaling sharply. If an air leak is detected
around the nose, the nosepiece is adjusted; if an air leak is detected at the respirator edges, the
straps are adjusted.10 According to the CSA Standard, training documents are to be maintained
and refresher training shall be provided at least every two years.’

1.1.3. Inspection, Cleaning, Maintenance, and Storage of Respirators

Page 2 of 78



The N95 FFRs used in the healthcare setting are designed to be disposable so the requirements
for cleaning, maintaining and storage generally do not apply. However, these devices must be
inspected prior to each use “to assure there are no holes in the breathing zone other than the
punctures around staples (used to affix the straps to the facepiece) and no damage has
occurred”.™ If there is evidence of damage, the respirator is simply discarded and a new one

obtained.

1.1.4. Respirator Fit-Testing

A respirator cannot provide its optimal level of protection when it does not fit the user
properly. Fit-testing ensures that the respirator provides an effective seal with the user’s face,
thereby providing appropriate protection. Several studies have documented the importance of
fit—testing.lz'15

There are two types of fit-testing methods for N95 FFRs: qualitative and quantitative. The
qualitative fit test (QLFT) is a subjective pass/fail test, based on the ability of the respirator user
to detect an airborne test agent. Two of the most common test agents are saccharin and

™) 141619 A quantitative fit-test (QNFT)

denatonium benzoate (commercially available as Bitrex
uses an instrument to determine the degree of fit by measuring the particulate concentration
outside the respirator and comparing this value to the particulate concentration inside. This
results in an objective and numerical assessment of the fit-test factor. The most common QNFT
for N95 FFRs is the TSI PORTACOUNT® Plus Respirator Fit Tester Model 8020 with an N95-

14 1619 Regardless of which method is used, a fit-test

Companion Model 8095 (Portacount).
involves the user wearing a respirator while simultaneously performing a series of breathing
exercises designed to place stress on the respirator seal. The CSA Standard specifies a series of

six exercises: normal breathing, deep breathing, turning head side-to-side, nodding head up-
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and-down, talking out loud, and normal breathing. Each exercise must be at least 30 seconds in
duration.

For a QLFT, if the user detects the test agent during any of the exercises, the fit-test is
unsuccessful. A QNFT is successful if none of the individual exercises results in a fit factor (ratio
of particulate levels outside versus inside the respirator) below the minimum protection factor
required by the standards (i.e. 100) and the overall fit factor is not less than this minimum
protection factor.’

A typical fit-test, in conjunction with the respirator education and training component, takes
approximately 20 minutes to complete, assuming that the person passes the fit-test. Should a
person fail a fit-test, the fit-test exercises must be repeated in their entirety either on the same
respirator (after adjustment to ensure an adequate seal) or with another respirator model.
Currently in British Columbia (BC), the OHS Regulation states that an individual must be fit-
tested on an annual basis or sooner if there are structural changes to the face that could affect
the fit of the selected respirator (e.g. broken nose, weight gain).?

1.2. Rationale and Significance of Research

1.2.1. Respirator User Education and Training: Frequency and Knowledge Retention

The CSA Standard does not provide guidance on how education / training is to be delivered. As
a result, respiratory protection education / training is not standardized in BC. The most
common method of education / training delivery is through verbal instruction to the respirator
user by a qualified fit-tester. Evaluation of skill and capabilities of the respirator user is based

upon professional judgment of the fit-tester within the 20-minute fit-test period. Except under

"The minimum protection factor is set at 10 times the applicable assigned protection factor of the relevant
regulatory jurisdiction. WorkSafeBC has set an assigned protection factor of 10 for filtering facepieces’; therefore
the minimum protection factor that must be achieved during a fit-test is 100.
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rare situations, the majority of healthcare workers do not require the use of N95 FFRs on a daily
basis. Because the infrequent use of N95 FFRs may affect workers knowledge retention over
time, the frequency of respirator education / training for skill and knowledge recollection over
time needs to be assessed.

1.2.2. Respirator Fit-Testing: Frequency

20 Within the two

There are 217,400 healthcare workers in the province of British Columbia.
health authorities participating in this study, approximately 16,000 workers are currently
required to be fit-tested annually based on assessments identifying them as being at risk of
airborne exposure. The logistics and resources required to conduct fit-testing for these at-risk
workers is quite daunting. Time must be spent to coordinate fit-test schedules with the various
departments. As persons responsible for coordinating these fit-test schedules, the co-principal
investigators of this study can state from experience that multiple efforts and approaches may
need to be made to coordinate fit-testing with those departments that have high patient loads
and/or staffing challenges to attempt to capture the largest number of staff with the greatest
efficiency. At the same time, department managers need to coordinate staffing schedules to
ensure that there are enough patient care providers while concurrently allowing workers time
off to participate in a fit-test. There are also administrative requirements in coordinating fit-
testing. This includes arranging for the necessary fit-testing equipment, acquiring the various
respirator models, securing a fit-testing location and communicating and advertising fit-test
sessions. Various supplies are also consumed at each fit-test. This includes at least one N95
FFR, fit-test solution or a fit-test probe adaptor, and paper for documentation per potential
respirator user. The two health authorities participating in this study currently allocate over

10,000 hours per year in order to conduct these fit-tests. Based on the above information, this
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results in approximately $368,000 and 9,200 hours per year devoted to respiratory fit-testing
within Vancouver Coastal Health and Fraser Health alone (see Appendix A).

If the current version of the CSA Standard were implemented in British Columbia, which allows
for fit-testing to be performed at least every two years, it could facilitate more appropriate
allocation of resources. As a result, the resources currently spent on fit-testing every year
could be diverted to other health and safety efforts within the health authorities.
Unfortunately, no scientific study has evaluated the relative effectiveness of annual or biennial
fit-testing in providing adequate protection to the respirator user.

1.2.3. Current Fit-Testing Methods in BC Healthcare

The 3M Bitter (Bitrex' ™) QLFT (Bitrex) is the primary method of fit-testing healthcare workers in
BC.”* One reason for using this method is that it does not require the expensive equipment
needed for QNFTs. Another reason is the time frame required for the actual fit-test exercises; a
QLFT requires 30-seconds per exercise whereas a QNFT (i.e. Portacount) generally requires 86-
seconds per exercise, effectively tripling the overall time required for a fit-test. In addition,
multiple individuals may be fit-tested concurrently using a QLFT whereas only one individual
may be fit-tested at a time with a QNFT. However, Janssen et al. found a disagreement in
results among these fit-test methods approximately 25% of the time.'® The outcomes of the
QLFT have yet to be correlated to the corresponding QNFT results with the N95 FFRs that are
currently in use in healthcare in BC. This is important in order to qualify the reliability of the

QLFT method.
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1.2.4. Preparation for Pandemic Influenza and Surge Capacity Events

The results of this study would be very beneficial for the planning and preparation for pandemic
influenza and surge capacity events. The importance of evidence-based respiratory protection
programs was highlighted with the recent HIN1 pandemic.

During another pandemic, there may be a requirement to mobilize large numbers of staff,
students, retired health care professionals, as well as volunteers and provide them with
education / training and fit-testing on N95 FFRs. It will be essential during this period that the
most efficient means of providing that necessary education / training and fit-testing be utilized.
Other surge capacity events may also require significant need for education / training and fit-
testing of individuals on N95 FFRs, either due to the nature of the event, or the need to utilize a
different model of respirator due to an inability to procure adequate supplies. It is therefore
critical during such events that education / training and fit-testing be provided in the most
efficient manner.

1.3. Critical Review of Existing Literature

1.3.1. Respirator User Education and Training: Frequency and Knowledge Retention

Research regarding respirator training is sparse. Coffey et al. argued that there is a need to
better train respirator wearers so that their donnings are more consistent.'® Clayton and
Vaughn stated that fit-testing plays an important role in reinforcing training as users forget how
to correctly don and use their respirators while Hannum et al. concluded that fit-testing as part
of training marginally enhanced the ability of healthcare workers to wear respirators properly

26, 27

and pass a fit-test. Doffing safely and in the proper sequence is also important to prevent

self-contamination.?® According to section 8.8 of CSA Standard 794.4-02, refresher training for
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respirator users is to be provided at least every two years.? However, there are no references in
the Standard to justify this stated time period.

1.3.2. Respirator Fit-testing: Frequency

The literature surrounding fit-test frequency is also extremely limited. The results of a study by
Johanson and Morgan found that changing to a fit-test frequency greater than one year did not
result in increased fit-test failure rates when compared with fit-tests conducted on an annual
basis.?® In their study, almost 2000 fit-tests were performed and then repeated at intervals over
time. The highest failure rates on repeated fit-tests occurred 6 — 12 months after the initial fit-
test. For fit-tests conducted at periods greater than 12 months after the initial fit-test, there

was a significant decrease in fit-test failures. Johanson and Morgan concluded that the passage

of time does not appear to result in an increase in fit-test failures. There have been no follow-
up studies to corroborate or refute this conclusion. Regardless, the relevancy of the results is
guestionable as the study was conducted over 20 years ago on a class of respirators that no
longer exist.

As mentioned previously, Canadian jurisdictions generally refer to the CSA Standard 794.4 for
respiratory protection guidance. Development of this Standard was overseen by a Technical
Committee comprised of experts in the field of respiratory protection from across Canada. The
purpose of the Committee was to “be assured that the latest advances in respiratory protection
were reflected, the Subcommittee spent (sic) considerable time reviewing the latest research
and the most current literature, including other relevant standards and regulations.” >

In section 7.1.3 of the 2002 CSA Standard, it states that a fit-test shall be carried out “at least
every two years; however, it is recommended that fit tests be conducted annually”. The

previous version of the standard (1993) had recommended that a fit-test should be carried out
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annually. Personal correspondence with the Z94.4 Project Manager indicated that “the criteria
was changed from a recommendation (a "should") to a mandatory requirement (a "shall")”.*
According to the 94.4 Project Manager “[the] primary goal in this subject area was to convince

employers and provincial regulators that in all cases retesting needed to be done.” 3

However,
no scientific references could be provided as to whether or not a biennial fit-test was as
protective as an annual fit-test.

In the United States, a fit-test frequency of one year was chosen based on consensus rather
than scientific rigor according to a former NIOSH staff member.** In the UK, the current
standard states that although it is good practice to do regular fit-tests especially when
respiratory protection is frequently used as a primary means of control, a repeat fit-test is only
considered necessary when the wearer loses or gains weight, undergoes any substantial dental
work, or develops any facial changes around the faceseal area.®®  Across Canada, many
provinces reference the CSA standard for fit-test frequency. With such differences across
jurisdictions, clearly there is a need to establish an appropriate fit-testing frequency to achieve

an adequate seal based on scientific evidence.

1.3.3. Respirator Fit-Testing: Errors associated with Fit-Testing

When conducting a fit-test, there are two types of potential error: (1) alpha error which is the
error of failing a respirator that should pass (false negative), and (2) beta error which is the
error of passing a respirator that should fail (false positive)."* These errors are of concern
because beta errors, and to some degree alpha errors, can result in individuals being assigned
inadequately fitting respirators. Findings from a study by Coffey et al. indicate that when both
types of errors were combined, the QNFT method had the lowest percentage of wearers being

assigned a poor-fitting respirator.™ Two limitations of this study were that it had a small sample
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size and it did not examine the 3M model number 1870 — a common flat-folded respirator used
at both Vancouver Coastal Health and Fraser Health. In fact, the authors state “the accuracy of
fit-testing methods and the fitting characteristics of filtering-facepiece respirators need to be
improved. Further research is needed to lower the percentage of subjects failing a fit-test”.

In @ more recent study, Coffey et al. went further and examined the fit-test errors of 15 new
filtering facepiece respirators.18 The authors concluded that the fit-test method errors may be
dependent on the characteristics of the respirator model tested and that fit-test accuracy may
vary from one respirator model to another.

In a study by MacKay and Davies, the authors found that fit-test failures recorded with the
guantitative method were correctly identified 100% of the time with the Bitrex qualitative
method. However, the authors noted that they used a significantly higher concentration of
Bitrex than what is commercially available raising questions about the applicability of their
results.’” Another study comparing Bitrex and Portacount fit-test results found that the Bitrex
method resulted in a significant greater number of failures where a Portacount established an
acceptable fit.>* Other studies have found varying degrees of correlation between the Bitrex
and Portacount methods but none have assessed the 3M 1860 and 3M 1870 respirator
14,18

models.

1.3.4. Frequency of Respirator Usage and Appropriate Fit

Although fit-testing is required to ensure appropriate selection, the actual impact of frequency
of respirator usage on obtaining an appropriate fit for each donning is unknown. Crutchfield et
al. found that multiple donnings of a respirator over a period of time affected respirator fit to a

greater degree than fit-test exercises.®> Therefore, one could expect, as concluded by Johanson
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and Morgan, that the more an individual utilizes a respirator in the real-world setting, the
better the fit that will be obtained.*

Findings by Salazar et al. “suggested that workers who had more experience using the
respirator were more adept at assuring adequate protection and they were less stressed when
donning their equipment”.a6 However, this study examined a different style of respirator and
was not conducted in a healthcare setting where it is known that there has been lack of
compliance with using personal protective equipment.37 The theory that regular respirator
usage reduces fit-test failure rates has yet to be tested with the N95 FFRs that are commonly

used in healthcare.

1.3.5. User Seal Check Versus Fit-Test

Since the Severe Acute Respiratory Syndrome (SARS) crisis in 2003, a number of groups have
advocated the use of user seal checks to replace the time-consuming fit-test process.’® The
purpose of a seal check is for the user to subjectively evaluate if an adequate seal is achieved
following the donning of a respirator. However, a user seal check is difficult to perform on
filtering facepiece respirators.39 One study concluded that the user seal check is restricted in its
use as a surrogate for respirator fit-testing.”® The value of these results to our jurisdiction is
limited by the fact that their subjects were a very specific demographic group (Chinese females)
and they did not examine the respirator models used in BC healthcare.

1.4. Study Objectives

1. Compare the outcomes between the Bitrex and Portacount fit-testing methods.
2. Determine if there is a significant difference between failure rates associated with annual

versus biennial fit-test frequencies for N95 FFRs commonly used in healthcare.
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3. Evaluate the level of N95 FFR donning skills retained by staff who are fit-tested on an annual
basis only, biennial basis only, or biennial basis but with an annual education component in
between fit-tests.

4. Determine the effect of regular usage on fit-test failure rates as well as on the level of
donning and doffing skills retained by staff using N95 FFRs.

5. Evaluate the applicability of a user seal check as a surrogate for a fit-test in determining an

adequate fit on an N95 FFR.

2. METHODOLOGY

2.1. Selection of participating sites and subjects

Approval from relevant ethics boards was obtained prior to commencement of study. All
residential care facilities within Fraser Health, including those owned-and-operated and leased,
were invited to participate. The two largest owned-and-operated residential care facilities
within Vancouver Coastal Health were also invited to participate. Residential care workers
were chosen as they do not normally work under airborne precaution situations and therefore
do not require N95 FFRs. As study objective #2 was to assess the feasibility and protectiveness
of a biennial fit-test frequency, it is essential to have participants that do wear an N95 FFR on a
regular basis; otherwise they would require an annual fit-test as per the OHSR (i.e. if this cohort
does not receive an annual fit-test, there is no contravention of the current OHSR).

Acute care staff from all emergency departments within Fraser Health was also invited to
participate. To supplement the number of acute care workers in the study, select Respiratory
Therapy departments at both participating health authorities were also asked invited to part of

the study. The purpose of including acute care staff was to determine the effect of regular
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usage on fit-test failure rates and on the level of donning and doffing skills retained by staff
(Objective #4). The term “regular usage” in the context of this study refers to work positions
where staff have a higher probability of exposure to airborne infectious agents and therefore
require the use of an N95 FFR, on average at least once per month.

2.2. Subject recruitment methods

At most participating sites, a mutually-agreed upon date was established in which a
presentation was given by members of our research team to all available staff. At the
conclusion of the presentation, potential subjects were provided with a written summary of the
study as well as a copy of the consent form (Appendix B). In instances where a departmental
presentation could not be arranged, managers were given several copies of the initial letter of
contact as well as the consent form and asked to disseminate the documents to their staff on
behalf of the research team.

Completed consent forms were compiled in a central location at each department and were
subsequently collected by members of the research team. While on site collecting the
completed consent forms, members of our research team also actively recruited potential
subjects by explaining the study to staff on a one-on-one basis and then seeking consent from
these workers. All workers that provided their written consent were subsequently contacted
by a member of the research team to schedule a mutually-convenient fit-test date.

Active recruitment of additional subjects as described earlier also took place while our research
team was on-site conducting the fit-tests.

2.3. Study groups

Participants were divided into four groups. Groups 1 to 3 were randomly assigned from

residential care settings and represent naive users. Group 4 were selected from the acute care
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departments and represent experienced users. Participants in all groups underwent an initial
education and training session and fit-test in Year 1. The four groups were divided according to
their subsequent involvement and received the interventions outlined in Table I.

The rationale for each group was as follows. Group 1 (the control group) represented the
currently mandated education / training and fit-testing criteria in which staff requiring the use
of N95 FFRs received both services on an annual basis. Group 2 participants received ONLY
education / training in Year 2 (i.e. not fit-tested) to determine how this RPP element affected
the retention of respirator usage skills. Group 3 received neither education/training nor fit-
testing in Year 2 in order to evaluate Objective#2.

Group 4 was the sole group selected from acute care. This group was included to determine
whether frequent use of respiratory protection influences the ability of a user to maintain a
good respirator fit.

Table Il summarizes the comparative analyses employed for assessing each study objective.
Participants in each of the four groups underwent the same education/training and fit-testing
procedures in Year 1. Participants went through this process individually to ensure that there
was no influence from their peers during the session. Components of the education/training
and fit-test sections are described in detail in the following sections.

2.4. Initial Information Collection

At the initial fit-test session, a variety of information was collected as outlined in Table Ill. Staff
members who indicated a respiratory condition that would preclude their use of a respirator

were not fit-tested and excluded from the study.
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2.5. Standardized Respirator Education Video

To ensure consistency of education / training between participants and groups each year and
between years, a standardized video was presented as the education component. The
education video was approximately 7 minutes in duration and contained the following
elements:
e What is an N95 FFR? (including a basic description of how particulate filters operate,
what the “N” and the “95” represent, intended use, and limitations)
e When is an N95 FFR required? (including discussion of common airborne infectious
hazards)
e Demonstration of a User Seal Check
e Demonstration of Donning and Doffing an N95 FFR (including re-use limitations)
e What is Fit-Testing?
2.6. Education Checklist

Following the video segment, the researcher assessed the participants understanding of the
material using a standardized checklist (see Appendix F). If there were any misunderstandings
or deficiencies in the knowledge related to the education demonstrated by the participant, the
researcher reviewed the topic(s) with the participant.

2.7. Selection of N95 Respirator and Donning/Doffing Training

Two models of N95 FFRs were included in this study: 1) 3M 1860 model, and 2) 3M 1870 model.
The 3M 1860 model comes in two sizes: 1) regular (3M 1860), and 2) small (3M 1860S). These
N95 FFRs were studied because they are the most common models currently utilized within

healthcare in BC and across North America.”* These particular models are designed specifically
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for healthcare and both Fraser Health and Vancouver Coastal Health have had very good fit-test
passing rates on these three models (collectively >90%).

One of the three aforementioned N95 FFR models was provided to the participant based on
professional judgment of the researcher, a qualified fit-tester. The researcher demonstrated
the proper donning and doffing technique for the selected model to the participant while the
participant practiced in parallel. If the selected respirator felt comfortable on the user’s face
and the researcher believed that the situated N95 FFR model fits well, then the process
proceeded to the next step. This follows the method currently in place at Fraser Health, which
typically results in a 50:50 division between respirator models 3M 1860 and 3M 1870.

2.8. User Seal Check

The researcher had the participant doff the aforementioned selected N95 FFR model. Prior to
having the subject re-don the N95 FFR, the researcher placed a probe inside the N95 FFR as
required for the Portacount QNFT (see following section). The end of the probe was capped to
ensure there was no leakage through the probe into the respirator. Placing the probe in the
N95 FFR at this stage allowed for the progression of the fit-tests from either the QLFT to the
QNFT or vice versa without disturbing or removing the N95 FFR between tests. This ensured
that the results obtained from the QLFT can be correlated to those obtained from the QNFT
since the tests will be comparing the same respirator donning. The participant was then asked
to don the respirator, without any assistance, and subsequently perform a user seal check.

The user seal check was completed as per the manufacturer’s instructions and included the
following steps: (1) both hands were placed completely over the N95 FFR, (2) inhale and exhale

sharply being careful not to disturb the position of the respirator, and (3) if air leaks around
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nose, readjust the nosepiece; if air leaks at the respirator edges, work the straps back along the
sides of the head.**

Based on the user seal check, the subject was asked whether he/she felt that a good facial seal
was obtained. If the subject felt that a good seal was obtained, the researcher documented it as
a “pass” and proceeded to the QLFT or QNFT. If the participant did not feel that a good seal
was obtained, the participant re-donned. If after re-donning with the same N95 FFR model the
participant still did not feel a good seal was obtained, a different N95 FFR model was attempted
as per the previously described procedures.

2.9. Fit-Testing

All male participants were required to be clean shaven where the respirator came in contact
with the face. Male participants were informed on the need to be clean shaven whenever an
N95 FFR is worn.

A QLFT was conducted using the 3M FT-30 Qualitative Fit Test Apparatus (Bitrex). A TSI
PORTACOUNT® Plus Respirator Fit Tester Model 8020 with a TSI N95-Companion Model 8095
(Portacount) was utilized to conduct the QNFT. Both QLFT and QNFT were conducted in
accordance with the requirements outlined in CSA 794.4-02.

The order of the testing was alternated between the two fit-test methods to ensure that one
method did not affect the outcome of the other. Regardless of whether the subject passed or
failed the initial fit-test method, the participant proceeded immediately to the alternate fit-test
method. Although this is not a common practice, this process allowed for a comparison of the
pass and fail rates between these two methods as outlined in Objective #3.

Figure 1 depicts a flowchart of the fit-testing process for the first year for all participants. Only

participants who passed on both the QLFT and the QNFT methods for a particular respirator
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model were considered a pass and eligible for the remainder of the study. If there was a failure
on either the QLFT or the QNFT for a particular model of respirator, the process was repeated
using one of the other N95 FFR models. A participant who failed on two N95 FFR models was
excluded from further participation in the study. Once a pass was obtained for a particular N95
model on both the QLFT and the QNFT, no other N95 FFR models were fit-tested and the
session was completed. The successful N95 FFR model was documented and the participant
was notified that, should the need arise, they could only wear that particular model.

Figure 1: Process for completing QLFT and QNFT fit tests
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2.10. Respirator Usage Form

Participants were asked to record their N95 FFR usage on a monthly basis using the form found
in Appendix E and submit it at their next fit-test session. Every subject was informed of the
purpose of the usage form during the fit-test sessions and was asked to track their N95 FFR

usage throughout the research project. They were asked in the past year how many months
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did they don the mask. Subsequently, they were asked during those months how often did they
have to don the mask. This was of particular importance for the acute setting participants and
was used to assess study Objective #4 which is to ascertain the effect of regular usage on fit-
test failure rates as well as the level of donning skills retained by staff.

2.11. Weight Change and Facial Changes

The CSA standard and WSBC OHSR require that a fit-test be carried out “whenever changes to
the user's physical condition could affect the respirator fit.” Two changes that could potentially
affect the respirator fit are a change in body weight or change in facial structure (e.g. dentures,
etc). To account for these potential issues, each participant who was fit-tested was weighed
and photographed.

2.12. Subsequent Sessions

In Year 2, the groups each received a different level of follow-up (as outlined in Table I). Groups
1 and 4 received education / training, performed a user seal check, and underwent a fit-test.
These sessions were conducted using the same methods outlined in the previous sections with
one notable exception — participants received donning and doffing training only on the
respirator model in which they passed their fit-tests during Year 1 and performed the user seal
check and underwent the fit-tests for that particular model only. If they failed either the QLFT
or QNFT, for whatever reason, they were then excluded for the remainder of the study.

Group 2 received education / training only in Year 2. These education / training sessions
followed the methodology outlined in the previous section.

Group 3 did not receive any form of follow-up services in Year 2.

In Year 3, all groups were asked to perform a user seal check and underwent a fit-test.

Participants did not receive the education as per previous years. Participants were asked to
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don the N95 FFR prior to the insertion of the probe. Their ability was assessed and some
assistance given where needed. They doffed the N95 FFR, the probe was inserted and they
were asked to don the N95 FFR again. Once they felt they had a good seal, they underwent a
fit-test; either the QLFT or QNFT first then immediately followed by the alternate method.

2.13. Data Analysis

Two key assumptions were made a priori with respect to our results (“raw data”):

1. All of our qualified participants, those who passed both Bitrex and Portacount in Year 1 are
“true” passes i.e. no participant passed either method in error.

2. There was no error associated with either the Bitrex or Portacount fit-test methods in
subsequent years i.e. no participant failed or passed in error.

However, based on the literature, it is known that there are errors associated with the fit-test

methods employed resulting in individuals who pass in error (beta error) as well as individuals

who fail in error (alpha error).'® Coffey et al determined that for filtering facepiece respirators,

the Bitrex method has an alpha error of 65% and a beta error of 8% while the Portacount

method has an alpha error of 58% and beta error of 6%. We are not aware of any study that

has applied the alpha and beta errors established by Coffey et al. nor were any process for

application brought forward by Coffey et al. Because of the significance of the alpha and beta

errors associated with the fit-testing methods, we felt compelled to account for these errors

and therefore incorporated the values proposed by Coffey et al. into our analysis. As such,

“adjusted data” will be presented and discussed in addition to the raw data. See Appendix H

for an example of the calculations used for “adjusted” data.

It is important to note that Coffey et al.’s calculated alpha and beta errors were determined for

33 different N95 FFR models, not strictly the models utilized in this study.
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2.13.1. Analyzing objective #1

Before an overall comparison of the Bitrex (QLFT) and Portacount (QNFT) results can occur,

those factors that may influence the outcome of a fit-test need to be evaluated independently.

These three factors are: (i) respirator model (i.e. characteristics associated with a particular

model may result in different fit-test outcomes between methods), (ii) sequential order of the

fit-test method (i.e. Bitrex or Portacount), and (iii) the year in which the fit-test was

administered (knowledge of previous fit-test results may affect the outcome of subsequent fit-

tests, particularly a qualitative fit-test).

a)

To determine the effect of the respirator model on fit-test outcome and the effect of fit-
test order, the data from across the three years was combined as it does not need to be
evaluated longitudinally (the effect of year on fit-test outcome is assessed separately in
Section b).

Overall percent agreement between the fit-test methods was calculated using the
following equation: [Subjects pass:pass + Subjects fail:fail) / total subjects] *100.

However, this equation does not take into consideration of chance agreements. Kappa ()

42.43 and can be used to

does takes into account agreements that could occur due to chance
determine the difference between the observed agreement and the expected agreement
in fit-test outcomes. Since kappa is a better measure of agreement than simple
percentages, kappa calculations, as summarized in Appendix G, were performed.

Kappa statistic agreement was based on the following scale developed by Landis and Koch:
< 0.0 = poor agreement, 0.00 to 0.20 = slight agreement, 0.21 to 0.40 = fair agreement,
0.41 to 0.60 = moderate agreement, 0.61 to 0.80 = substantial agreement, 0.81 to 1.00 =

almost perfect agreement.**
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b) In order to determine the effect of the year when the fit-test was administered on fit-test
outcome, it is important to assess the data longitudinally and therefore include only those
individuals who were involved from the study’s beginning until its completion.

The potential effect of alpha and beta errors was also taken into consideration and
adjustments to the raw data were made (see Appendix | for a detailed summary of the
steps taken to adjust the data).

2.13.2. Analyzing Objective #2

A comparison of pass rates between Group 1 (education and fit-testing in Year 2) and Group 3
(no intervention in Year 2) in Year 3 was conducted. In order to eliminate any potential effect
resulting from participants who were not included in Years 2 and 3, it was necessary to evaluate
longitudinally, using only those participants who completed the entire study i.e. 91 participants
from Group 1 and 130 participants from Group 3. Adjusted data was calculated as per
Appendixes H and I.

2.13.3. Analyzing Objective #3

Fit-test pass rates in Year 3 between Group 1 (education and fit-testing in Year 2), Group 2
(education only in Year 2), and Group 3 (no intervention in Year 2) were compared. The fit-test
in Year 3 was administered without any education or donning assistance provided by the fit-
tester in order to evaluate the level of donning skills retained by participants in all groups,

2.13.4. Analyzing Objective #4

Fit-test pass rates in Year 3 between Groups 1 (residential group) and 4 (acute care cohort)
were compared. Participants in both these groups were provided with the same education and

fit-testing at the same intervals throughout the course of the study.
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2.13.5. Analyzing Objective #5

Each subject was asked to perform a user seal check and the outcome was documented as
either “pass” (good seal) or “fail” (inadequate seal). These reported results were then
compared to the subsequent Bitrex and Portacount fit-tests to assess the accuracy of the user
seal check in determining a successful fit.

All statistical analysis was performed using STATA (StataCorp LP, College Station, Texas).

3. RESEARCH FINDINGS

A total of 26 healthcare facilities participated in this study. In Year 1, 784 participants were
initially assessed. Of these, 674 (86%) were deemed eligible to remain in the study as each
subject was able to successfully pass on both the Bitrex and Portacount methods with the same
N95 FFR. The remaining 115 subjects were unable to pass both the QLFT and QNFT on one of
the available N95 FFRs and were therefore excluded from the study.

The majority of study participants in Groups 1, 2 and 3 were care aides (65%) with the
remainder of participants from other various job categories. Table IV presents an overview of
the job titles of the participants in Year 3 in Groups 1, 2, and 3. Group 4 was comprised of
Emergency Department nurses, paramedics and Respiratory Therapists. The average age of
participants was approximately 45 and 90% of all subjects were female.

From Year 1 to Year 3, a total of 327 participants were lost for follow-up (49%) — see Table V. By
group, the loss for follow-up was as follows: Group 1, 62 participants lost (41%); Group 2, 65
participants lost (43%); Group 3, 122 participants lost (48%); and Group 4, 78 participants lost
(66%).

The degree of loss for follow-up was greater than initially anticipated but several unforeseen

incidents, such as the HIN1 pandemic and organizational changes, had a significant impact on
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the retention of subjects for the full duration of the study. The main reason for loss, accounting
for 50% of the total loss, was due to participants leaving the department / organization. Specific
reasons for loss of follow up are detailed in Table VI.

With regards to weight change amongst the subjects, the residential care staff in Year 1 had an
average weight of 153.2 |bs which remained consistent at 153.4 Ibs in Year 3. Table VII further
breaks down the percentage of subjects that had an increase or decrease of 10% of their initial
weight within the three-year period of the study. Since the majority of subjects had negligible
weight change, this variable had no impact on the outcomes of our study. It should be noted
though that not all participants agreed to have their weight taken — approximately 5% did not
consent.

3.1. Objective #1: Compare the fit-test outcomes between the Bitrex and Portacount
methods

3.1.1. Effect of Respirator Model on Fit-Test Outcomes

Assessment of raw data:

Tables VIl a, b, and ¢ summarize the fit-test outcomes of the Bitrex and Portacount methods by
N95 FFR model. The overall percent agreement of the two fit-test methods when the results of
each of the three N95 FFR models (3M 1860, 1860S, and 1870 models) are assessed separately
is 78%, 83%, and 82%, respectively. The x value for the 3M 1860, 1860S, and 1870 models
when assessed separately is: 0.53, 0.54, and 0.61, respectively. These results indicate that there
is moderate agreement for 1860 and 1860S and substantial agreement for 1870 (although at
the lower end of this scale category) in outcomes between the QNFT and QLFT methods and

are not dependent on any of the three N95 FFR models.
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Assessment of adjusted data:

The overall percent agreement of the two fit-test methods when the adjusted results of each of
the three N95 FFR models (3M 1860, 1860S, and 1870 models) are assessed separately is 73%,
78%, and 74%, respectively (Tables IXa-c). The x value for the 3M 1860, 1860S, and 1870
models when assessed separately is: 0.14, 0.14, and 0.14, respectively.

These values indicate a slight level of agreement between the two methods but the relative
level of agreement between the methods is the same for all three models and therefore the
respirator model does not affect agreement of the fit-test outcomes.

3.1.2. Effect of Order of Fit-Test Methods on Fit-Test Outcomes

Assessment of raw data: Tables X a and b summarize the fit-test outcomes of the Bitrex and
Portacount methods by the order in which the fit-test method was administered. The overall
percent agreement of the two fit-test methods was 80% when Bitrex was the first fit-test
method administered and 84% when the Portactount was first. The x value when Bitrex was
first was 0.54 and 0.65 when Portacount was first. The methods have moderate and substantial
agreement, respectively, regardless of the order of fit-test method delivery.

Assessment of adjusted data: Adjusted data is shown in Tables Xl a and b. For the adjusted
data, the overall percent agreement of the two fit-test methods was 76% when Bitrex was the
first fit-test method administered and 75% when the Portactount was first. The x value when
Bitrex was first was 0.15 and 0.14 when Portacount was first.

Again, these values indicate an overall slight agreement between the two methods but the
relative level of agreement between the methods is very similar irrespective of the order in
which the fit-tests were administered and therefore the order of two fit-test methods does not
affect agreement of the fit-test outcomes.
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3.1.3. Effect of Fit-Test Year on Fit-Test Outcomes

Assessment of raw data: Of the 341 who remained for the entire duration of the study, 46
originally failed on one or both of the fit-test methods in the first year but then successfully
completed a fit-test on both fit-test methods on a different N95 FFR. As these original failures
are not pertinent to the subjects’ follow-up over time (as they continued on using a different
model and this effect was assessed in Section 3.1.1), the original failures were excluded from
the analysis.

Tables Xl a, b, and ¢ summarize the fit-test outcomes of the Bitrex and Portacount methods by
the year of the fit-test. In Year 1 there was 100% agreement (In other words, every participant
from Year 1 passed both fit-test methods and therefore remained for the duration of the study
(longitudinal data); however, this does not mean that there was 100% agreement between the
fit-test methods for every participant fit-tested in Year 1. In Year 2, there was 81% agreement
and in Year 3 there was 71% agreement. Since there was 100% agreement between the fit-test
methods in Year 1 by nature of how we defined subsequent participation, only the x values for
Year 2 and 3 are of importance - the x values were 0.49 in Year 2 and 0.36 in Year 3. This
suggests a moderate agreement in Year 2 and a fair agreement in Year 3. The level of
agreement between the two methods decreases over time.

Assessment of adjusted data: Tables Xlll a and b summarize the fit-test outcomes of the Bitrex
and Portacount methods by the year of the fit-test.

As with the raw data, the adjusted data shows agreement between the two methods changes
substantially over time: 100% in Year 1, 87% in Year 2, and 74% in Year 3. Again, only the «
values for Year 2 and 3 are of importance - the x values were 0.22 in Year 2 (fair agreement)

and 0.15 in Year 3 (slight agreement).
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3.1.4. Overall Comparison of Fit-Test Outcomes Between the Bitrex and Portacount Methods
The overall percent agreement between the two fit-test methods when using the raw data was
82% with a x value of 0.58 representing a moderate agreement (see Table XIVa). The overall
percent agreement between the two fit-test methods when using the adjusted data was 84%
with a xvalue of 0.07 reflective of a slight agreement (see Table XIVb).

This suggests that the overall agreement between the Bitrex and Portacount fit-test methods is
slight to moderate.

3.2. Objective 2: Determine if there is a significant difference between failure rates

associated with annual versus biennial fit-test frequencies for N95 FFRs commonly
used in healthcare.

Of 556 participants from residential care who achieved a successful fit on one of the N95 FFR
models in Year 1, 91 participants from Group 1 and 130 participants from Group 3 completed
the entire study.

Assessment of raw data: Table XV summarizes the longitudinal pass rates (raw data) for the
study groups in Year 3 for both the Bitrex and Portacount methods. In Year 3, Group 1 and
Group 3 had identical pass rates using the Bitrex method — 56%. The Portacount pass rates
were also very similar — 41% for Group 1 and 43% for Group 3. There was no statistically
significant difference found between pass or failure rates associated with annual versus
biennial fit-test frequencies.

Assessment of adjusted data: Table XVI summarizes the longitudinal pass rates (adjusted data)
for Groups 1 and 3 in Year 3 for both the Bitrex and Portacount methods. For the adjusted data
in Year 3, Group 1 and Group 3 had identical pass rates using the Bitrex method — 81%. The
Portacount pass rates were also very similar — 73% for Group 1 and 75% for Group 3. Like the

raw data, there was no statistically significant difference found between pass or failure rates
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associated with annual versus biennial fit-test frequencies. However, the overall pass rates are
much higher in Year 2 and Year 3 for the adjusted data compared to the raw data.

Similar to the results of Johanson and Morgan, the results of the current study suggest that
changing to a fit-test frequency greater than one year does not result in an increase in fit-test
failure rates when compared with fit-tests conducted on an annual basis.?

3.3. Objective #3: Evaluate the level of N95 FFR donning skills retained by staff fit-

tested on an annual basis only, biennial basis only, or biennial basis but with an
annual education component in between fit-tests.

Assessment of raw data: Table XV presents the longitudinal raw fit-test pass rates for Groups 1
to 3 in the follow-up years of the study. The raw pass rates in Year 3 were very similar between
the three groups. Using the Bitrex method, the pass rates were 56% (Group 1), 57% (Group 2),
and 56% (Group 3). With respect to the Portacount method, the pass rates were 41% (Group
1), 43% (Group 2), and 43% (Group 3).

Assessment of adjusted data: The adjusted pass rates in Year 3 were also very similar between
the three groups, although the overall pass rates were higher than that calculated for the raw
data. On the Bitrex method, the pass rates were 81% (Group 1), 82% (Group 2), and 81%
(Group 3). On the Portacount method, the pass rates were 73% (Group 1), 75% (Group 2), and
75% (Group 3).

Regardless of the fit-test method, the pass rates were virtually identical between the three
groups in Year 3. This illustrates that at that point in time, there was no positive or negative
effect from whether the participants had received education, fit-testing, or both in the year

prior compared to participants who had not received either intervention for a two-year period.
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3.3.1. Potential benefit of education

Although the pass rates in Year 3 were similar between groups, the raw pass rates for Group 1
in Year 2 provide some interesting results. As shown in Table XV, the pass rates for the Bitrex
and Portacount methods for Group 1 in Year 3 were 56% and 41% respectively, but in Year 2
the pass rates were 78% and 71%, respectively. In Year 2, the difference in results from year 3
and year 2 for both fit-test methods are statistically significant. Group 1 received education
immediately followed by fit-testing, whereas in Year 3, only a fit-test was administered. The
results seem to indicate that there is an immediate positive effect of education on the fit-test
outcome. However, at some point following that over the course of a year, this effect
diminishes as illustrated by the similar pass rates between the three groups in Year 3.

However, when looking at the adjusted data shown in Table XVI, this effect is much less
pronounced. The pass rates for the Bitrex and Portacount methods for Group 1 in Year 3 were
81% and 73% respectively, but in Year 2 the pass rates were 88% and 85%, respectively.

3.4. Objective #4: Determine the effect of regular usage on fit-test failure rates as well
as on the level of donning skills retained by staff using N95 FFRs.

Only one fax copy of the N95 FFR usage form was received from Residential Care subjects in
Year 1 and no faxes were received in Year 2. This is likely due to the fact that N95 FFRs are not
typically used in Residential Care.

N95 FFR usage information was obtained from the acute care job categories (Group 4) as shown
in Table XVII. Registered Respiratory Therapists (RRT) were the highest users of N95 FFRs, with
a median average use of 144 times per year, as they are routinely engaged in high-risk aerosol
generating procedures such as intubations.

Assessment of raw data: Table XV presents the raw pass rates for the various groups over time.

In Year 3, the pass rate among Group 4 participants was 81% and 72% (Bitrex and Portacount,
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respectively) compared to Group 1 participants with pass rates of 56% and 41% (Bitrex and
Portacount, respectively). Interestingly, the pass rates for Group 4 were lower than Group 1 in
Year 2 but higher in Year 3.

Assessment of adjusted data: Table XVI presents the adjusted pass rates. In Year 3, the pass rate
among Group 4 participants was 91% and 85% (Bitrex and Portacount, respectively) compared
to Group 1 participants with pass rates of 81% and 73% (Bitrex and Portacount, respectively).

The data suggest that regular usage results in a higher fit-test pass rate over time.

3.5. Objective #5: Evaluate the applicability of a user seal check as a surrogate for a fit-
test in determining an adequate fit on an N95 FFR.

Note that excerpts in this section have been published in the Journal of Occupational and
Environmental Hygiene.45

Of the 784 health care workers enrolled in the study, 647 (83%) were naive users of respiratory
protection (NB: these values differ from those reported in previous sections as we examined
this objective based on data from our Year 1 participants only); that is, those workers who were
not previously fit-tested because they were assigned to departments or facilities where use of
respirators was not required (i.e. Residential Care). These were participants in Groups 1-3. The
remaining 137 participants (17%) were experienced users of respirators, either from emergency
or respiratory therapy departments i.e. Group 4. Experienced users were defined as those
health care workers who require the use of a respirator at least once a month.

Only four (0.62%) of the 647 naive subjects identified an inadequate seal after their user seal
check. Of these four subjects, two went on to pass both the Bitrex and Portacount fit-tests; the
other two failed both the Bitrex and Portacount fit-tests. Of the remaining 99.4% of naive

subjects (n = 643) who indicated that they had an adequate facial seal prior to fit-testing, 158
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(25%) failed the subsequent Portacount fit-test and 92 (14%) failed the Bitrex fit-test (Table
XVII). All 137 experienced users indicated that they had an adequate seal after performing the
user seal check; however, 41 (30%) failed the subsequent quantitative fit-test, and 30 (22%)
failed the qualitative fit-test.

Of the 784 subjects in this study population, nearly all (780; 99.5%) indicated that they felt they
had an appropriate face seal after completing the user seal check. However, the subsequent
respirator fit-test results (with failure rates as high as 30%) demonstrate that, in a large
majority of the cases, the user seal check was not able to identify a poorly fitting respirator as
defined by a fit-test. Using a similar quantitative fit-test method, Derrick et al. found that in 19-
31% of occasions, the user seal check incorrectly indicated a properly fitting N95-FFR. ® These
results are comparable to our findings where the user seal check incorrectly indicated a proper
fit in 25-30% of occasions, based on naive and experienced users, respectively. The findings of
the current study support those by Derrick et al. who similarly concluded that the user seal
check should not be used as a surrogate fit-test for N95-FFR’s. Moreover, the current study
expands on Derrick et al’s findings by including a ‘naive’ cohort of respirator users and enrolling
a heterogeneous population of subjects, such that the conclusions reached by Derrick and
colleagues can now be more confidently generalized.

The user seal check is inherently different from a fit-test in that the latter is a dynamic process
involving a series of exercises used to mimic “real world” usage, while a user seal check is a
relatively static procedure. When conducting a user seal check on a filtering facepiece
respirator, the wearer’s hands are placed over the facepiece. This must be done carefully to
avoid disturbing the position of the respirator on the face. However the effect of placing one’s

hands on top of the respirator may result in an alteration of the fit by the application of direct
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pressure on the facepiece by the user's hand. The fit may also be altered if only a limited area
of the filtering facepiece material is covered as this can result in non-uniform air flow through
the remainder or uncovered part of the facepiece material. In addition, noticing a subtle
pressure differential with a filtering facepiece device can be quite difficult. Furthermore, the
user seal check is subjective, relying on the individual worker to assess whether the respirator
has properly sealed to their face; a procedure that both experienced and naive users failed to
achieve at an appropriate rate in the current study.

3.6. Conclusion

Based on the objectives of the study, the results of this project illustrate the following:

1. The overall agreement found between the two Bitrex and Portacount fit-test methods is
slight to moderate.

2. There is no significant difference between pass or failure rates associated with annual
versus biennial fit-test frequencies for N95 FFRs commonly used in healthcare.

3. N95 FFR donning skills did not differ significantly between staff fit-tested on an annual
basis only, biennial basis only, or biennial basis but with an annual education component in
between fit-tests in Year 3. There does seem to be an immediate positive effect of
education on the fit-test outcome; however, at some point following that over the course
of a year, this effect disappears.

4. Regular usage of N95 FFRs reduces fit-test failure rates and increases the level of donning
skills retained by staff using N95 FFRs over time.

5. The user seal check is not an appropriate surrogate for a fit-test in determining an

adequate fit on an N95 FFR.
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3.7. Strengths

Several strengths of the study need be mentioned. Although we had anticipated a larger study
sample overall, in Year 3, we still had an average of 100 participants per follow-up group from
the residential care facilities. In addition, the subjects were randomly-assigned to the one of
the three follow-up groups and were unaware of the type of intervention they were to receive
in subsequent years of the study. This eliminated any selection bias issues. Furthermore, we
were able to perform longitudinal analyses and follow subjects for the full duration of the study
(from the beginning to Year 3). This allows for more robust analysis of the fit-test pass rates.
This was a multi-centre study and therefore the results are representative of non-respirator
users for various residential care settings. We also evaluated the effect of weight change and
the N95 FFRs models used in the study on the fit-test pass rates and found a negligible effect.
In addition, we randomized the sequence of fit-testing (some subjects received a QLFT first;
others received the QNFT first) and there appeared to be no effects on the resulting fit-test
rates.

3.8. Limitations

Limitations associated with this study need to be addressed. This study only used three N95
FFRs models. There are numerous other N95 FFRs models available and the results found in
this study may not be applicable to these other commercially-available N95 FFRs.

The study design is not reflective of actual practice because in real life, if an individual was able
to pass on one of the fit-tests, they would be considered eligible to wear a respirator. However,
as our study required a subject to pass both fit-test methods sequentially, this may be a
potential bias as this reduces our pool of potential subjects (since they have to pass both fit-test

methods to be part of the study).
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Our study participants were primarily women, which is reflective of the healthcare workforce.
However, N95 FFRs are used by men and in other industries and the fit-test rates found in this
study may not be representative of the rates for male N95 FFR users and/or for respirator users
in other industries.

Regarding study participants there is a possibility of volunteer basis based on the recruitment
methods employed. Unfortunately, there is not much that can be done to prevent this bias as
our recruitment method had to comply with those of the relevant ethics boards.

The resulting sample size for the acute care cohort (Group 4) is small relative to the three other
study groups. In addition, the acute care cohort consisted primarily of Registered Respiratory
Therapists (RRTs) whose tasks and responsibilities may not be representative of all “regular
users” of N95 FFRs in healthcare.

Our findings suggest that education / training as well as regular usage positively impacts the
ability to achieve a successful fit-test. However our study design does not allow us to
determine the influence of these two factors individually and, therefore, cannot state with
confidence the contribution each factor makes in passing a fit-test.

3.9. Conflict of Interests

Even though two members of the research team are affiliated with the participating health
authorities, there are no conflicts of interest to declare as all statements made in this report

were agreed upon unanimously.
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4, IMPLICATIONS FOR FUTURE RESEARCH ON OCCUPATIONAL HEALTH

o Assess other methods to identify a poorly fitting respirator at time of use (e.g. rather than
the user seal check, use of a mirror).

¢ Examine the impact of regular use on fit-test pass rates for a larger study population.

e Determine the optimal frequency of training / education for knowledge retention among
infrequent users as well regular users of N95 FFRs in healthcare.

¢ Determine optimal method of education delivery (e.g. online, video, poster)

e Examine respiratory protection program elements in other industries as well as other types
of respirators besides N95 FFRs.

e Incorporate multiple donning approach in future methodology.

e Compare agreement between different methods using elastomeric respirators.

5. PoLICY AND PREVENTION

a) Identification of policy and prevention implications arising from the research

Based on the results of this study, the following policy and prevention implications have been
identified:

i) the user seal check should not be considered a surrogate for fit-testing. If workers were to
rely solely on the user seal check without being appropriately fit-tested, there is the potential
they would not be adequately protected. There should be no change to the regulation whereby
the user seal check is employed as a surrogate for fit-testing.

ii) a fit-testing frequency of two-years results in no difference in fit-test outcomes from a fit-test

frequency of one-year. With respect to a policy related to the frequency of fit-testing, the
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results show that the fit-test outcomes are equivalent between annual and biennial fit-test
frequencies.

iii) respiratory protection education / training appears to play a role in the ability to achieve a
successful fit-test. No policy statements can be made at this time as there is insufficient
evidence regarding the importance of education/training and its relationship to fit-test
outcomes.

b) identification of relevant user groups for the research results

Relevant user groups for research results include, but are not limited to, health authorities,
healthcare unions, occupational health and safety professionals, infection control experts, and

occupational health and safety policy makers.

c) description of any policy-related interactions undertaken by the Applicant

No policy-related interactions have been undertaken at the time of writing of this report.

6. DISSEMINATION/KNOWLEDGE TRANSFER

We submitted a paper related to study objective #5 entitled “Healthcare Workers and
Respiratory Protection: Is the User Seal Check a Surrogate for Respirator Fit-Testing?” to the
Journal of Occupational and Environmental Hygiene.* It was published in the May 2011 issue
(DOI: 10.1080/15459624.2011.566016).

The results were presented to the BC Health Authorities Occupational Health and Safety
Directors on June 16 and the BC Health Authorities Occupational Health and Safety Managers
Meeting on June 2. We are planning on presenting our results to the following groups in the
near future: The Healthcare Safety Professionals Association of BC, the American Industrial

Hygiene BC-Yukon local section, and the Workplace Health departments at Fraser Health and
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Vancouver Coastal Health. Presentation at professional conferences may also take place but
the final decision will be determined on a consensus basis by members of the research team.
Once this report has been vetted by the WorkSafeBC Research Secretariat, copies will be
disseminated to the Health Employers Association of BC (HEABC), the British Columbia Nurses’
Union (BCNU), the Hospital Employees’ Union (HEU) and the Health Sciences Association of BC
(HSA), the Provincial Infection Control Network (PICNet), and the BC Centre for Disease Control
(BCCDC).

At this time, we anticipate writing articles for peer-review journals related to study objectives 1,
2 and 4. Likely journals for consideration include the Journal of Occupational and
Environmental Hygiene (official journal of the American Industrial Hygiene Association and the
American Conference of Governmental Industrial Hygienists) and the American Journal of

Infection Control. Both journals are published monthly with a worldwide distribution.
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APPENDIX A

Annual Fraser Health N95 FFR Fit-Test Expenses

Time per Session Sessions Time per Year

It
em (hours) per Year (hours)

Train-the-Trainer Fit-Test Sessions

Trainers (2) 4 8 64

Attendees (~8) 4 8 256
Standing Fit-Test Sessions

Fit-Testers (2) 8 126 2016
Additional Scheduled Fit-Test Sessions

Fit-Tester Variable Variable ~300
Trained Fit-Tester Sessions

Trained Fit-Tester Variable Variable ~300
Staff Time for Fit-Testing 25 minutes ‘ 4000 1667

TOTAL 4603

Average wage is ~S40/hour (factoring in benefits) for a total annual cost of $184,120 to Fraser
Health.

Note that this is equivalent to the annual cost for Vancouver Coastal Health.
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SUBJECT INFORMATION AND CONSENT FORM

TITLE OF STUDY: Strengthening N95 Filtering Facepiece Respirator Protection
Programs by Evaluarting the Contribution of Each of the Program Elements

Co-Principal Investigator: Co-Principal Investigator:

Quinn Danyluk, MSe CIH Chun-Yip Hon, mSc(a) CRSP CIH
Occupational Hygiemist Occupational Hygienist/OHS Advisor
Fraser Health Vancouver Coastal Health
Workplace Health Worksafe & Weliness

604-520-4435 604-822-97hH7

SPONSOR: WorkSafeBC Research Secretariat

INTRODUCTION:

M5 filtering facepiece respirators (N95 FFR) are commonly used in acute care facilities
hecause of the potential high risk of transmission of respiratory organisms during many
procedures that occur in this setting. Because these procedures are not normally performed in
residential care facilities, N95 FFRs are not usually required. In order to ensure N95 FFRs are
effective, respirator fit-testing is required but how frequently this testing is required is unclear.
You are being invited to paricipate in this research study because we require a group of
healthcare staff that do not nomally wear N95 FFRs. The goal is to determine if fit-test
frequency, amount of respirator educationftraining and respirator usage affects fit-testing
results.

YOUR PARTICIPATION IS VOLUNTARY:

Your participation is entirely voluntary, so it is up to you to decide whether or not to take part in
this study. Before you decide, it is important for you to understand what the research involves.
This consent form will tell you about the study, why the research is being done, what you will
undergo during the study and the possible benefits, risks and discomforts.

If you wish to paricipate, you will be asked to sign this form. If you do decide to take part in
this study, you are sfill free to withdraw at any time and without giving any reasons for your
decision. If you do not wish to participate, you do not have to provide any reason for your
decision not to participate.

Please take time to read the following information carefully before you decide.

WHO IS CONDUCTING THE STUDY?

The two co-principal investigators are occupational hygienists — one for Fraser Health, the
other for Vancouver Coastal Health. Both are responsible for overseeing the respiratory
protection programs of their respective health authorities. The study is being funded by the
WorkSafeBC Research Secretariat, which provides funding for scienfific studies aimed at
improving workplace health and safety issues that are relevant to BC.

Fabruary 1, 2007
Warsion 1.0
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BACKGROUND:

Respirator fit-testing must be performed to ensure that the selected respirator provides an
effective seal and therefore adequate protection for the user. However, there has been
considerable disagreement as o an acceptable frequency for conducting repeat fit-tests, the
effect of respirator educationfiraining on knowledge retention, and the influence of usage rates
on fit-test results.

WHAT IS THE PURPOSE OF THE STUDY?

There are five objectives of this study. They are to:

1. Determine if there is a significant difference between failure rates associated with annual
versus biennial fit-test frequencies for N95 FFRs. The purpose of which is to evaluate the
feasibility and level of protection offered by a two-year fit-test frequency.

2. Evaluate the level of N85 FFR donning and doffing skills retained by staff fit-tested on an
annual basis only, biennial basis only, or biennial basis but with an annual education
component in between fit-tests. The purpose of which is to ascertain the effect of
education on knowledge retention and to establish an appropriate refresher training
schedule.

3. Assess the fit-test failure rates (both alpha and beta) between the Bitrex™ gualitative
method and the PORTACOUNT® quantitative method for N95 FFRs. The purposa of which
is to determine which fit-test method results in the fewest number of emors on the respirator
models that are used in BC healthcare.

4. Determine the effect of regular usage on fit-test failure rates as well as on the level of
donning and doffing skills retained by staff using N95 FFRs. The purpose of which is fo
determine if regular usage influgnces the knowledge and skill retention of a respirator user.

5. Ascertain the accuracy of the user seal check compared with a fit-test as a means to
predict the level of fit obtained when using MN95 FFRs. The purpose of which is to establish
the suitability of the user seal check as a summogate for fit-testing for the respirators used in
BC healthcare.

WHO CAN PARTICIPATE IN THE STUDY?

Participation in the study is completely voluntary and all results are confidential. No one other
than members of the research team will have access to personal information. Reports will
include group information only; it will not be possible to identify individuals from any report.

WHO SHOULD NOT PARTICIPATE IN THE STUDY?

Individuals with pre-existing medical conditions such as COPD, emphysema, and shorness of
breath will not be considered for this study, as these conditions are confraindicated for
respirator usage.

WHAT DOES THE STUDY INVOLVE?

Owvenview of the Study

All subjects will be provided with respirator education and training session and a fit-test in Year
1. They will then be divided into five groups according to their subsequent involvement and
will be classified as follows:

Fabruary 1, 2007
Warsion 1.0
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[STUDY GROUPS

Year 1 Year 2 Year 3
Group | Setting Selected From | pducation/ | iy rogy | Education! | ¢ reet | Fit-rest
Training Training
1 Extended Care ¥ ¥ v v 4
2 Extended Care ¥ v v 4
3 Extended Care ¥ ¥ 4
4 Extended Care v v v v
5 Acute Care v ¥ v v ¥

* educationtraining on an unvelated fopic

Staff members from Extended Care will be randomly assigned into Groups 1, 2, 3, and 4. For
Groups 1 and 5, compare fit-test results between Year 1 and Year 2 AND Year 2 and Year 3.
Also, we will compare results between Group 1 and Group 5. For Groups 2, 3 and 4, compare
fit-test results between Year 1 and Year 3.

If You Decide fo Join This Study
= You will be asked to complete: 1) subject information and consent form, 2) a respirator

user screening form, 3) a respirator usage questionnaire, and 4) a fit-test form.
Your weight will be obtained from a scale and pictures of your face will be taken.

= You will be given respirator educationftraining by watching a video and, subsequently,
review an education checklist provided by a research member.

= You will don at least one of the N5 FFR models (1870, 1860 and 18605) and perform a
user seal check to establish a subjectively determined fit.

=  Once you have deemed that you achieved a fit, you will undergo a qualitative fit-test using
Bitrex®.

= |mmediately afterwards, you will undergo a gquantitative fit-test using the PortaCount®.

Depending on which group you have been assigned to, you will repeat some or all of the
above steps in subsequent years of the study.

TIME REQUIREMENTS

For all groups, the time required per person in Year 1 is approximately 45 minutes. In Year 2,
paricipants in Groups 1 and 5 will need fo set aside 45 minutes while those in Groups 2 and 4
will need to allot approximately 15 minutes. In Year 3, the time required per person in all study
groups is approximately 20 minutes.

WHAT ARE MY RESPONSIBILITIES?

You should not eat, drink (except water), smoke or chew gum at least 15 minutes prior to your
respirator fit-testing appointment. If you are male, you are asked to be clean-shaven at the
time of your fit-testing appointment.

WHAT ARE THE POSSIBLE HARMS AND SIDE EFFECTS OF PARTICIPATING?
= |f you have never wom a respirator before, you may experience feelings of anxiety, as
there is a slight resistance to breathing when wearing a respirator.

Fabruary 1, 2007
Vargion 1.0
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= |f you do not know if you are claustrophobic, you may experience certain symptoms of
claustrophobia while wearing the hood assembly during the fit-testing.

=  The fit-test agent, Bitrex®, is extremely bitter. A small percentage of individuals exposed
to Bitrex® may experience side effects such as mild irritation to the nose and throat.

=  After undergoing a respirator fit-test, some individuals may feel light-headed and have
flushed cheeks.

WHAT ARE THE BENEFITS OF PARTICIPATING IN THIS STUDY?

Although you may not currently require the use of an N95 FFR as part of your normal working
day, emergency preparedness plans are leaning towards the use of N9 FFR during a
pandemic. By participating in this study, you will have the opporunity to understand how an
M35 functions, how to properly don and doff an N95 FFR as well as be fit-tested on an N95
FFR model. Thus, you will have some of the requisite knowledoge and skills to protect yourself
in case of a pandemic.

CONTACT:

If you have any questions before or during participation, you can contact the following
individual based on your employer. Fraser Health — Quinn Danyluk at 604-520-4435 or
Vancouver Coastal Health — Chun-Yip Hon at 604-822-9757

If you have any concemns about your rights as a research subject and/or your experiences
while participating in this study, contact the Research Subject Information Line in the University
of British Columbia Office of Research Services at 604-822-8598.

Fabruary 1, 2007
Warsion 1.0
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CONSENT TO PARTICIPATE:
| have read and understood the subject information and consent form. | have also had the
opportunity to ask questions and have had satisfactory responses to my questions.

My signature below indicates that | have received a copy of this consent form for my own
records and indicates that | consent to participate in this study.

Printed name of subject:

Signature of subject:

Date:

Printed name of witness:

Signature of witness:

Date:

Fabruary 1, 2007
Varsion 1.0
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k" fraserhealth Respirator Fit-Test Record

BACKGROUND INFORMATION (to be completed by staff member)

Site:
Diate:
Employee Name (PRINT CLEARLY):

Job Title: Employee Number:

Status: O Fulltime QO Par-time  Q Casual O NA

Do you work at any other sites or depariments?: QOYes O MNo ¥ Yes” compiete the following
Other Sites:

Other Departments:

STAFF HEALTH CONDITIONS (to be completed by staff member)

1. Some conditions can affect your ability to safely use a respirator. Do you
hawve any of the following conditions that may affect respirator use?
(Check "Yes" or “No™ ONLY. Do not specify)

Chronic bronchitis Difficulty breathing Emphysema Other diagnosed lung dizease

2. Do you have other conditions that may affect respirator use? e.g. facial rash

3. Have you had previous difficulties using a respirator?

4. Do you have any concems about your ability to use a respirator safely?

5. Have you had an adverse reaction to Bitrex during a previous fit-test?

6. Do you have any concerns about wearing the fit-test hood [claustrophobia)?
Anaswerning “Yeg" to any of the above quesfions indicafes further azsesasment

3M1860s O (O |0 O 2 | o a [ o

L

g w0 fofofol o 2 | o a [ o
[am1g70 Jo oo o a | o a [ o

Was there any adverse reaction to BITREX?: O Yez QONo OMNA

Employee Signature
Fit-Tester (Print Name CLEARLY)

workplac e;l@fa Ith SEE REVERSE FOR COMMENTS
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C ‘ fra SB rhea"h Medical Determination Regarding Respirator Use

Worhplace Health

Information to Physicians Regarding Completion of the Respirator
User Screening Record Forms

Introduction

The use of a negative pressure respirator increases the resistance to inspiration and
adds to the dead space volume'?. Individuals with certain lung diseases, may be
restricted in their use of respirators. Even so, Martyny et al (2002) note:

“The increased work of breathing imposed by a respirator may influence the ability fo
folerate its use especially by a person with asthma or emphysema. Nonetheless, most
people with lung disease can use a respirator during activity af moderate work loads.
Underlying lung disease is not necessarnily a confradicfion fo respirafor use.”

Assessment
There are two forms attached:

1. Respirafor Fit-Test From

This form was completed by the staff member and the occupational health and safety
departiment as part of the inifial assessment. It contains information on the type,
duration, frequency, and intended use of the respirator. Review this form. This form
must be retumed by the staff member to the Fraser Health facility Safety Consultant.

2 Medical Defermination Regarding Respirator Use
This form will be returned by the staff member to the Fraser Health facility Occupational

Murse andfor Occupational Health Physician. Please complete this form. This form will
be treated as confidential.

Additional Information
For your reference a copy of the Martyny ef al article has been provided.

1. Martyny J_, Glazer C.5., Newman LS. {2002) Respiratory Protection The New England
Jowrmal of Medicine 347(11): 824-830

2. Szeinuk J., Beckett W.S_, Clark M., Hailoo W.J. (2000) Medical Evaluation for Respirator
Use American Journal of Indusirial Medicine 37142157

3. Muhm J.M. (1999) Medical Surveillance for Respirator Users Jowmnal of Occupational and
Environmental Medicine 41{11); 989-004
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Workplaca Health Medical Determination Regarding Respirator Use

To be completed by physician.
CONFIDENTIAL INFORMATION

MEDICAL ASSESSMENT
Assessment Date:

REASOMING (thiz section iz required to be
completed)

Determination

O Class 1: NO Restrictions on Respirator Use

Has the patient seen a specialist? O Yes 0O Mo
If "Yes", please include relevant information.

O Class 2: Some Specific Restrictions Apply

Has the patient seen a specialist? O Yes O Mo
If “Yes”", please include relevant information.

O Class 3: Respirator Use is NOT Permitted

Additional Comments:

Name of Physician: Physzician Signature:

Upon completion of this form, please return to Fraser Health staff member for return to hisfher
appropriate Workplace Health Occupational Health Nurse
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The Mew England Journal of Medicine

Review Article

Current Concepts

RespPiRATORY PROTECTION

Jonn Marrvny, PulD., Crua 5. Grazes, MD.,
anD Lee 5. Newmar, M.D.

HE use of anthrax as a biolopic weapon in

2001 and concern about the health eftects of

exposure to particles and gases at the World
Trade Center site (discussed by Prezant et al! elss-
where in this issue) have raised awarenes of personal
respiratory- protection devices — collogquially referred
o as “dust masks™ or “gas masks™ For decades, many
people have used regpirators on the job or amund the
home. Federal regulations mandate the use of mspira-
tors in a variety of occupational settings if the levels
of toxins in the air cannot be effectively controlled.
Clinicians need to be aware of their patients’ occupa-
tional exposures to airborne toxins®® (Table 1) and
should be familiar with the common forms of respi-
rabory protection as well as the benetits and limitations
of respirator use. Mo respirator is fully protective.* In
fact, respirators are 1 wlacively inefficient form of pro-
tection.! Respirators should be relied on only as a sec-
ondary means of protection from airborne toxic mate-
rials. Whenever possible, it is better to reduce airborne
contamination by using exhanst ventilation, enclosing
the process that produces the exposure, adapting work
practices to reduce airbome dust and furmes, or replac-
ing toxic materials with safer alternatives.

TYPES OF RESPIEATORY PROTECTION

Respirators are used to protect against a wide varety
of airborne toxins, including chemicals, biol ogic ma-
terials, radiarion, tocic dusts, and metal fumes {Table
1), and to supply air in situations of low oxygen, such
as those encountered by firefighters+? Few respirators
can protect simultaneously against airborne particuo-

From the Division of Emviroomeredl and Oompasional Health Scences,
i?mﬁumxmmumm Bessarch Cenper,
the Deparimene of Prevemeive Medicine and Riomewmics and the Divi-
=an of Eriznoe and Criical Care Medicine, Deparanent of
Medicine, Universiey of Colomado Healh 5 dences Cenver — boeh in Den-
wer. Address reprin: raqneses +0 Dr. Mewman @ the Divison of Emvinon-
meneal and O copaiona Heldh Sciences, Masional [ewish Medica and Re-
search Cemer, 1400 Jackeon St Denver, OO BI20S, of 1 denhsi@njc ong.

824 « M Engl] Med, Vol. 347, Mo 11

TaBLE 1. EXAMPLES OF TONIC COMPOUNDE COMMONLY
MECESSITATING THE USE OF RESFIRATORY PROTECTION.

L= Varorst PARTIOULATES

Ammaonia Bemens Ao

Carbon monoide  Carbeon emwachionide  Berylium

Chicrine Mercury Eiclogic agenis {£.5., Exallur

Eihylene omide Haic acd nﬁcﬁ. o PR

Formakdehyde Peseicides i haremian, i)

Hydrogen oranide  Siyrens Cadmium

Hydrogen suide  Sulfuric acid Coal dust

Miogen onides  Toluene LateT

Sulfur oxides Trichloroechylens Fadiation (dpha ind bexa)
Ao

*A jgis is & formiess finid char complerely oocopies the space of an endo-

sure at sandard asmospheric pressre and eemperare

14 vapaor is ehe gaseous phase of a maeerial thae is a Gqoid or sobid =
asmospheric pressmre and eemperasire.

$Farcimlaess are parddes of microscopic size dispersed in 1 gassous me-

d.num.'ﬂ:q,-m!-bepadmtn:pm: I:IJ.P:;I:IBDp.P:‘m diamever), 1 fume

{an aercecd foemed by volailizaon of moken mesal), or @ mist (20 aemosnl

of suspended liguid drapless).

lates, gases, and vapors. Many different types of res-
pirators are available (Table 2). When clinicians coun-
sel patients to use a respirator, they must know how to
select the comect respirator.

Respirators can be divided into two types: air-sup-
plying and air-purifying. Depending on the type, they
may fit tightly or loosely.+ In environments where ox-
veen levels are low, the types and levels of chemicals
are unknown, ar the conditions are immediately dan-
gerous to life or health, the highest degres of pro-
tection is required 530U In these situations, the only
acceptable type of respiratory protection is a positive-
pressure, self-contained breathing apparatus (referred
tiv as an SCBALS This B an air-supplying, tight-fitting
type of respirator. Exposure to many forms of dust, on
the other hand, may require the use of only a half-face
disposable respirator Some type of respirator is avail-
able for use against most potential exposures. The
choice of respirabor and filter is determined by the ex-
pected types and levels of contaminants, the charac-
teristics of the job, and to some extent, individual
characteristics, such as the user’s facial features and
medical fitness to use respiratory protection 51012

Air-supplying respirators offer the highest degree
of protection®?? (Fig. 1A). These respirators provide
a breathing atmosphere for the wearer and can thus
protect against most exposures. They are nomally
worn by members of hazardous-material (“hazmat™)

+ Seprember 12, 2002+ www.nejmorg

Page 54 of 78



CURRENT CONCEPTS

TaBLE 2. CHARACTEEISTICE OF SFECIFIC TTPES OF RESFIBATORS.

Lk For Can Be Worn
NIDEH LI KR ] FEORED  INTGARAENG o7 PRRI NS
E3 Mo O WiTH WTH FADAL
CATEOORY AMD TYPE oF FEspruToR  Fagror®  COMGENTRATIONS  (NEEDED LoveL. ENEGLASIES Ham
Air-mpplying
i srure, sak. con- 10,0600 Yas B High Vag B
eained breathing ap
Supplied air (air ling} 1020001 o o High Yes Yes§
Air-purifping
Tighe-firting, powersd 50 Mo Vs High Yes Mo
Loose-feting, powensd = Mo Vs High Nao Yes
Full-face carei 0 o Yes Bioderae Yes o
HaF-fice card 1 Mo Vs Mioderae Maybe Mo
HaF-face J 1o B B Lo Maybe B
*The 1 far oo Sapery and Healeh {MIOSH)) assigns a mumernical, heorsmica prossoion ficeor

mmd:qpeciu@inw.h:qﬂiﬂxﬂd:l

inn factr of 10, for example, should reduce che conceneraion of

partices or gases inside the Tepineor oo 3 lese 1,710 of the ooiside monceniraion®
1The vale depends an the eype of mask med {eg., halefioe or fil-face).
+The device cannoe be used unless a supplemental escape-bosde selfoonained bresshing appanms is provided.

§Only a bome-fiting device can be used.

teams and emergency-response crews when danger-
ous or unknown exposures are likely.57# This high de-
gree of protection comes at a cost. A self-contained
breathing apparatus is heavy, and its use is limited to
less than 30 minutes5?? The combination of a sealed
protective suit, the extra weight of the tank, high tem-
peratures, and high wodkload can exact a heavy toll
on the wearer's endurance.

Air-purifying respirators are light and easier to use
than air-supplying typess?® but they afford less pro-
tection (Fig. 1B ). Air-purifyin g respirators are the most
commonly used and consequently misused type. A
variety of filter cartridges can be attached to the in-
lets of tight-fitting, air-purifring respirators. They may
filter particles, or they may contain a medium that ab-
sorbs gases and vapors. Although some combination
filters can protect against more than one type of haz-
ard, there is no single filter that will work for all ex-
posures under all conditions.

One of the most commen errors is the wse of the
wrong filter. Thus, it is important to establish the po-
tential types and levels of toxins to which the wearer
will be exposed in order to ensure that the respirator
will provide adequate protection. =23 Industrial hy-
gienists are usually responsible for selecting the ap-
propriate respirator for a given work environment. It
is important for the wearer to know the cicumstances
in which a given respirator will provide adequate pro-
tection 4wl For example, a filter designed to protect
against very small particles and fibers, such as asbes-
‘tos, may offer no protection against chlorine and other
toxic gases Improper use can result in injury to or

the death of the wearer2+ Even when the filter is the
right one, a person using an air-purifying respirator
neads to be able to determine when the respirator is
no longer working. For this reason, air-purifying res-
pirators should be used only when the hazardous sub-
stance has warning properties (such as being an irri-
fant or having a distinctive smell) that will let the
wearer know the respirator is failing.s For example,
when workers can smell or taste solvents, they can as-
sume the respirator is no longer functioning effectively.

Although many air-purifying respirators operate
under negative pressure, with the wearer drawing air
into the mask through the filter, powered air-puritying
respirators are available that blow air into the mask. Al-
though they are more expensive, powened air-purifying
respirators eliminate the problems of heat buildup,
dead-space ventilarion, and aiflow resistance. Loose-
fitting powered air-purifying respirators can be wom
by people with facial hair, are tolerated for longer pe-
riods, are more comtortable, and may result in better
compliance with respirator use.

Disposable respirators (Fig, 1C) are far more com-
fartable than the other types of respirators and inter-
fere less with speech. Disposable respirators can be
used for a wide variety of exposures, egpecially air-
borne particles. They are frequently used by health
care workers who may be exposed to mycobactena or
other biologic arrosols. 215 The primary limitation of
the half-face disposable respirator is the fit.'5 Because
of leakage, these and other locse-fitting respirators may
not provide the protection necessary for situations in-
volving high levels of exposure, such as those encoun-

1 Engl ] Med, Vol. 347, Mo 11 + Seprember 12, 2002 - www.nejm.org - 825
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Figure 1. Common Typas of Reapirstors.

The sslf-contained breathing apparatus (Panel &) provides the
highest levsl of protedtion, suppliss air (21 percent cooygenl,
and can protect against sposure to unknown toocins. kt is hasy
and more ecpensive than an airpurifying respirstor o pur
chasa and maintsin, and it places substsntisl cardiovasaulsr
burden on the wearen

The half-face air-purifying respirstor (Panel B} hes replsceables
carridges that can provide protection from mary gases va-
pors, and particulates. There is mo single cartridge that provides
universal protestion. This typa of respirator doss not provide
@y protaction, snd the cartridges must ba selacted sppropri-
ataly and raplaced fraguanty.

Half-face disposable respiratons (Pansl C) are inespersive and
light in weight. They may protect agairst particles but not
against gases or wapors: The efficacy of this type of mask is
limited by the difficulty of obtaining an adequate saal against
the facs.

tered by Mew York City firefighters during the first
week after the collapse of the Wodd Trade Centert
able respirators are manufacoired and labeled
nrcﬂg;mﬂ:ﬂ:abittym:cmd:gmchnonﬁ'om oil-
based liquid aerosols and their efficiency in filtration.
The most commonly recommended respirator in the
health care setring is the M95: “N™ means “not oil-
proot,” and “95™ means that it is at least 95 percent

826 - M Engl] Med, Vol. 347, Ma. 11

efficient at filtering particles with a median diameter
of greater than 0.3 gm. Higher numbers indicare
greater filtering efficiency. The M99 respirator, previ-

ously called a high-effickency particulate air-filter respi-
rator, is capable of filtering 99.97 perent of these
airbarne particulates. A powered air-puritying respi-
rator with a high te air filter is rec-
ommended for use by are workers during

+ Seprember 12, 2002+ www.nejmorg
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cough induction and other aerosol-generating proce-
dures in patients with tuberculosis 150

SELECTIONM AND USE OF BESPIRATORS

Respirators should be chosen for the protection they
provide, not for comtort, although compliance suf-
ters when respirators are uncomfortable, Respirators
of all types are unpleasant t© wear, especially for an
extended perod. Moncompliance is ane of the major
limitations of mespirators.” Unfortunately, few data are
available on the reasons for noncompliance with res-
pirator use. Several studies evalnaring the factors as-
sociated with a worker’s decision whether to use a
respirator found that comtort and the ability to w@alk
and see were important.F-19

T ensure that the best respirator is chosen, that it
is maintained propedy, that the workers are trained in
howr to use it, and that the workers are medically fit to
use it, a written respiratory-protection policy should
be implemented by the employer 43181 This type of
program is mandated by the Occupational Safety and
Health Administration {OSHA) and should be es-
tablished even if a workplace is not cowered by OSHA
regulations. ! The worker should be fitted with a res-
pirator approved by the Mational Instituee for Occu-
pational Safety and Health that will provide the best
protection while allowing the waorker to perform nec-
emary tasks

The choice of respirator and filter can be made with
the use of various algorithms available in the litera-
turetd or selection guides provided by the manufac-
turers. Much, if not all, of the required information
can be found on manufacturers' Web sites. These al-
gorithms consider factors such as the type of expo-
sure, job tasks, and cxypen level. The clinician’s roles
are to identify the need for respiratory protection, as-
ses whether the worker is medically able to use the
respirator, and then to refer the worker to qualified
sources (see Supplementary Appendix 1 with the text
of this article ar http://wawonejm.org). Most physi-
cians should not try to select the specific respirator
that a patient should use at home or at work unless
they have special expertise in occupational health.

After the type of respirator is selecred, the user
should undergo either qualitative fit-testing (which
measumes the wearer’s ahility to detect an irritant or fla-
vorant in an aercsol) ar quantitative fit-testing (which
measures the number of particles inside, as compared
with outside, the respirator) by specially trained tech-
nicians to determine which size and brand of respi-
rator fits best. Because most respirators were initially
designed for average-sized men, women and persons
with unusual facial features may require ditferent res-
pirators 2 In addition, men with beards or large mous-
taches will not obtain an adequate fit with any respira-
tor designed to seal against the face W Someone who

buys a regpirator off the shelfcannot be sure it will pro-
vide protection unless it has been property fit-tested.

Every vear people die after donning air-puritving
respirators and then entering confined, cxygen -defi-
cient spaces. During the 1991 Gulf War, respirators
were distributed to thousands of Israeli civilians. Suf-
focation from improper mask use was cited as the most
direct cause of death in 13 of them. Users must be
informed of the limitations of the respirators that
they have been assigned as well as when to use them,
howr to put them on, how to clean and maintain them,
how o inspect them for damage, and how © change
filters if necessary.+3038,20 Simply storing the respira-
tor in the wrong place may negate its usefulness. If
acharcoal filter cartridge is left in an area containing
solvents, the adsorption capability of the filter will be
consumed, even if it is not being wom. For example,
home hobbryists may expose filber cartridges to sobrents
in basements and garages and then wonder why they
taste and smell fumes through the mask.

PHYSIOLOGICAL EFFECTS
OF RESPIRATORS

Respirators can affect the respiratory, cardiovascular,
and musculoskeletal systems. In addition, respirators
Mdy COMPromise vision, communication, and certain
motor skills. The tight-fitting, air-purifring tvpe of
respirator can substantially increase the work of breath-
ing bv increasing the resistance to both inspiratory and
expiratory airflow and by increasing dead-space ven-
tilation. The increase in ingpiratory resistance is the
dominant physiological effect. 212 It increases inspir-
atory time, decreases peak inspirabory flow at moder-
ate workloads, and decreases minute ventilation at high
workloads 245 A recent study demonstrated that max-
imal tolerable workloads decreased in a linear fashion
with increasing inspiratory resistance.?+ Increasing the
dead space also decrases maximal tolerable workloads
in a linear fashion and decreases wearer comfort. Howe-
ever, increasing the dead space does not substantially
alter breathing patierns or induce hypowentilation, 2
Tight-fitting, air-purifying respirators do not have sub-
stantial cardiovascular effects. 7.2

A self-conmained brearhing apparams significantly
incresses the heart rate and cardiac work because of its
weight.® In addition, those using thess types of res-
pirators are usually required to wear additional layers
of protective clothing that may be heavy and imper-
meable and may affect temperature regulation. Most
respirabors can cause small elevations in blood pres-
sure at high work rapes.3

DETERMINING WHETHEER. A PERSON CAN
USE A RESPIRATOR SAFELY

After pefforming a basi medical assesment, the cli-
nician is responsible for deciding whether a worker can

1 Engl ] Med, Vol. 347, Mo 11 + Seprember 12, 2002 - www.nejm.org - 827
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safely use a respirator. Ideally, the clinician should
knowr the type and weight of the respirator, the dura-
tion and frequency of respirator use, the physical effort
required by the job, whether protective clothing ar
other equipment will be wom, and whether extremes
of temperature and humidity may be encountersdi?
{Table 3).

Some workers with cardiovascular disease may be
unable to perform jobs imolving, for example, stren-
uous work, heat-induced stress, oxvgen-deficient or
tonic environments, or the use of a self-contained
breathing apparatus.3 If there is uncertainty about a
worker's cardiovascular fitness, it may be helptul to
administer an exercise test while the worker is wearing
the respirator or to allow the person to use the res-
pirator at work on a trial basis, with follow-up ases-
ment, FAT-34

The increased work of breathing imposed by a
respirator may influence the ability to tolerate its
use, especially by a person with asthma or emphyse-
ma. Monetheless, most people with lung disease can
use a respirator during activity at moderate work-
loads. .2.353 Undedying lung discase is not neces-
sarily a contraindication to respirator use. As Johnson
and colleagues showed, ameiety can decrease the max-
imal tolerable workload to an even greater extent than
does the increased work of breathing created by a res-
piratar. ¥ A history of inability to tolerate the closed-
in sensation of a tight-fitting respirator is a common
indicator that a person will have difficulty using the
respirator. 38

Other medical issues must be considered when
the environment is immediately dangerous to life or
health, so that even brief removal of the respirator
could be hazardous. People with chronic productive
cough, emesis, or illneses that may result in loss of
consciowsness, such as poody controlled diabetes mel-
litus or epilepsy, are at potentially greater risk than
are people without such conditions in such environ-
ments. Other conditions may also prevent workers
from tolerating certain types of respirators. For exam-
ple, the components of the mask touching the face
My cause contact dermatitis in some people. Muscu-
loskeletal conditions that produce back pain could
prevent the use of a self-contained breathing apparatus

OSHA requires that “a physician or licensed health-
care professional . . . medically evaluate employees
to determine under what conditions they can safely
wear respirators.™ 9 Those who perform these evalu-
ations should be sensitive to the implications that
certificarion decisions have for employment and job
reassignment. Some workers will lose their jobs if
they cannot be medically ¢leared to use a respirator.
OSHA requires the administration of 2 medical ques-
tionnaire or an initial medical evaluation that obtains
the same information. Some of the key information

+ M Engl] Med, Vol. 347, No. 11

TABLE 3. [NFORMATION INEEDED TO' DETEBMINE FITHESS
OF A PEREON TO USE A BESFIRATOR *

Type and aneicipased use of respiraor
Frequency and son. af use
Level of physical aceiviey during we
sz of prowsceive dodiing o cther aquipment
serestes i the work anviconmen: (2 g, temperiure and homidiey)
Type and levzl of expoure m-m:n:mlmﬂme: during respiraor me
Previous experience in nSng & repino
Previous difficuley in using & respinecr {£g., eve iminon, rash, anrisy,
weaknes, and Siigne)
Heakh ficears the may aifere finess 0 use & repinort

Smoking sarm
Conditions thae conld affece safery in dangerous environmenes [ &g ., 6.
zures, dizheies, dnsrophobia, and ancsmia)
Pulmonary disorders (e g, chromic chernctive palmonary disease, severe
mthma, and imeemeiial ong
Cardirvascolar disarders (g, l.dzrm:l:m:km.d.
Dermatnkogic disceders (2.5, ﬁ.l:il]nc:.n: tzux
paend ofnlioulbitis barbas neq':i.nn; m'.pu:it:u
Vismal ammity and nesd for eyeglasest
Muscolkoskeeral conditinns {esp ecially bade injury and badk painy and #:-
0 2., Ange of modon, ahiley eo dimb, and abiley £o 1 moes
thn 22 T [11 kit
'Adapesd from O ompatinoma) Safery and Heakh Adminisraion sandard
29 CFE Fart 1910 134 1=
frdedical conditions do not necessarily dis qualify workers from respine-
Lt
$This informasion mus: bz oheained from 2 person who expecis &0 mse
& full-face respinesr o s conisined Epparams.

required is outlined in Table 3. Other testing is left
to the discretion of the health care profesional. Mo
specific puidelines regarding clearance are provided.
The American Thoracic Society endorses the use of
questionnaires,® and one recent study confirmed the
sensitivity of this approach.

The physical examination and further medical test-
ing are performed at the discretion of the physician.
Examinations are recommended if specific symptoms
are elicited on the questionnaire. Spirometry or exer-
cise testing may be helpful for anyone with symptoms
consistent with the presence of cardiopulmonary dis-
ease. i Repular follow-up afrer certification, with re-
peated medical clearance and repeated assessment of
the fit of the respirator, is recommended®? and in some
circumnstances required! by federal regulations, Rec-
ommended criteria for certification have been pro-
posed. FA234 Most experts agree that a person who is
medically qualified to perform a job without a res-
pirator will usually be able to perform the same job
safely with a respirator. ¥323+40 Therefore, it is not
surprising that more than 95 perent of workers re-
ferred for medical clearance to wear a respirator do
not have substantial contraindications. 23

When evaluating a worker for the use of a respira-
tor, the clinician should be cognizant of the need for

+ Seprember 12, 2002+ www.nejmorg
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CURRENT CONCEPTS

TABLE 4. RECOMMENDATIONS FOB, THE RESFIRATOBR USER.

Consider your emvironment

¥now the havards ehat pou wil enconnier and when 0 use @ respiraror

If warken aromd pon are required s wear respineoes, poo shonld proba.
bly il wear ane.

}humnu— ing, respiratar in condicions of low oopgen levels o

E i y towic subseances.

]f]'ﬂ.l.i.l'! gmmummﬂzhmzuu read the direnvicas
iex limitaeions.

lfgru'uu.u.un: mﬂ,u&dﬁ:mhwmmptm

VREar respirieors corrscdy

1F an employer requines the nse of 2 respiraon, make cerdin die 1 writen

FESPFAON Y. LUk EHON. Program complying wich the requiremenss of ehe

Domparional Safsy and Heatth isin place

Tese the fir of pour respiras 0 deermine whether ie i the approprine

size and modsl*

'l.lhm.youpm!.w.rmpi:u:cun e hoth ehe inhalasion and che ethala.

Eian valves

Dnnmuﬂ'drmm:qqn:zg do noe mir brnds of carwidges

mdnmu!pmmn|mmmmdrudgoim.Mj
.ﬁna piencings, beardk, or ceher objens die

boeu:dum]n’ pmmmzlqmup.mm

Do oe Temowe 0F Joceen pour respicar when yoo are working in 2 con-

eaminaes d aemosphere

Mainmin the equipment

Stope respiraiors md caneridges in dean, prowereed environmenxs

Change respineor careridpes regulary.

*Supplementary Appendiz 1 [ oailsble with che full 1 of chis aride &
hrtp:f www.ngjm.ang) lins ofganizasons chit @n ooodocoe or amange for
it~ besting.

confidentiality. The health care provider is required
to inform both the employer and emploves in writ-
ing whether the employee is able to use a respirator,
whether there are any limitations on its use, and
whether further medical evaluation is recommended.
Becanse of patient confidentiality, the emplover should
not be provided with the specific medical reasons for
the decision.

When there are no other practical and immediare
means of protection against airtbome hazards, respi-
rators can save lives, but only if there has been appro-
priate attention to mespirator selection, training on res-
pirator use (Table 4), and medical evaluation. Even
in the best of cirumstances, the mspirator onty adds a
margin of safety and cannot pnarantes complete pro-
tection. It is, at best, a secondary preventive measure.
Efforts by workers, industry, labor, and govemment
to control emvironmental and cocupational hazards
must continue to be the primary preventive strategy.

e are indefred 1o Slewn Ariwckie for bepfiel dimnions o md
adrice on the pracricaiivies of respiraror-for ml.u&,m:ujnﬁhm
for ardnamce in e prep of the 3
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APPENDIX E

N95 FFR Usage Questionnaire
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N5 FILTERING FACEPIECE RESPIRATOR USAGE QUESTIONNAIRE

Thank you for agreeing to participate in the research entitied "Strengthening NM95 Filtering
Facepiece Respirator Protection Programs by Evaluating the Contribution of Each of the
Program Elements™. The purpose of this document is to ask you to record the frequency with
which you use an N95 respirator on a monthly basis. This relates only to those instances when
you use the MO9S filtering facepiece respirator (N95 FFR) to protect yourself from airborne hazards
and does not include usage by patient or their families. If you have any questions about this form,
please contact one of the study's Co-Principal Investigators. If you work for Fraser Health, call
CQuinn Danyluk at 604-412-6105; if you work for Vancouver Coastal Health, call Chun-Yip Hon at
G04-522-9757.

Name:

Staff ID Number:

Primary Department:

Do you work in other departments? If yes, please list:

Do you work in other health authorities?  If yes, please list:

Status: FT PIT Casual

YEAR 1 MONTH #

1 2 3 4 5 6 [ 8 9 | 10| 11| 12

N&5 FFR usage per month

After Year 1, pleage fax document fo 604 431.2896 and retain for duration of project

YEAR 2 MONTH #

1 2 3 4 5 [ 7 8 9 | 10| 11 | 12

N&5 FFR usage per month

After Year 2, pleage fax document fo 604 431.2896 and provide original to rezearch team member
at your final fit-testing session related to the project.

For research team only: Assigned Study Group 1 2 3 4

Page 1 of 1
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APPENDIX F

N95 FFR Education Checklist
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N95 FILTERING FACEPIECE RESPIRATOR FIT-TEST SESSION EDUCATION CHECKLIST

Answer Correct? Follow-up Answer

Gluestion Cormect Answer Correct?
Mo Yes Mo

The difference between an MBS filtering facepiece respirator (M35 True
FFR)} and a surgical mask is that a FFR is designed & cerfified o

protect the wearer from certain contaminants in the atmosphere, a a m |
whereas a surgical mask is designed to protect the patient from the

WEarer

An MBS FFR will provide protection against gas or vapour hazard. False (if won'f) =] a = =
Some NBS FFR models are better than others in terms of protective | False (There is no difference in a o

ability of the matenal. profection)

Types of situations that would require an M85 FFR include Airborme | True

Isolation Precautions and protection against parficulates including a a m |
bacteria and viruses.
An NB5 FFR can be used more than once. False. (An N35 FFR musf be used
" [=] ju] ] =
onfy once, then disposed of)

MBS FFRs are latex-free. True =] a =] =
A fit test is a test to ensure that an MBS FFR provides an adeguate True

] . [=] ju] ] =
facial seal with the face.
A fit test is required fo be performed at least once a week. False {Annualy) a a m |
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APPENDIX G

Process for Calculating kappa

The data is summarized in a table as follows:

Pass Portacount

Fail Portacount

Pass Bitrex

A

B

Fail Bitrex

C

D

The observed proportion of concordant fit-tests (P,) is calculated as follows:

B A+D
° A+B+C+D

The expected proportion of concordant fit-tests (P.) is calculated as follows:

P =

(A+B)A+C)+(C+D)B+D)

e

(A+B+C+D)

xis calculated as follows:

(P, -P)
@-F)

K=

Page 65 of 78




APPENDIX H

Sample calculation illustrating adjustment of data to account for fit-test method error

Using the 3M 1860 raw data as an example (as shown in Table Vlla), the following is the fit-test

outcomes found:

_ Pass Portacount Fail Portacount

Pass Bitrex 126 48
Fail Bitrex 8 70

n=252

According to the results of Coffey et al*®, this data should be adjusted to account for errors
associated with both the Bitrex or Portacount fit-test methods i.e. participants who failed or
passed in error.

To begin with, let’s consider adjusting for the beta error rates suggested by Coffey et al (8% for
Bitrex and 6% for the Portacount). First, let us adjust the raw data for the Bitrex beta error. The
“Pass Bitrex” row needs to be adjusted. Of the 126 individuals that passed Bitrex and
Portacount, 10 individuals (i.e. 126 x 8%) should have failed Bitrex (still in the “Pass Portacount”
column). Of the 48 individuals who passed Bitrex and failed Portacount, 4 should have failed
Bitrex (still in the “Fail Portacount” column). After adjusting for the Bitrex beta error, the results

would look like the following:

_ Pass Portacount Fail Portacount

Pass Bitrex 116 44
Fail Bitrex 18 74

n=252
A similar adjustment can be made to account for the Portacount beta error of 6%. Of the 116
individuals that passed Portacount and Bitrex, 7 individuals should have failed Portacount (still

in the “Pass Bitrex” column). Of the 18 individuals who passed Portacount and failed Bitrex, 1

Page 66 of 78



should have failed Portacount (still in the “Fail Bitrex” column). After adjusting for the

Portacount beta error the results would look like the following:

_ Pass Portacount Fail Portacount

Pass Bitrex 109 51
Fail Bitrex 17 75

n=252

The net change for each of the outcomes can be calculated. Comparing the original data to the

adjusted data, the following are the net changes for each outcome:

_ Pass Portacount Fail Portacount

Pass Bitrex -17 +3
Fail Bitrex +9 +5

We can now adjust the data to account for the alpha errors determined by Coffey et al (65% for
Bitrex and 58% for the Portacount. We would want to start with the raw data in determining
the adjustments required rather than using the adjustments for the beta error we just made.

Starting with the raw data:

_ Pass Portacount Fail Portacount

Pass Bitrex 126 48
Fail Bitrex 8 70

n=252

To begin with, let’s consider adjusting for the alpha error rates suggested by Coffey et al (65%
for Bitrex and 58% for the Portacount). First, let us adjust the raw data for the Bitrex alpha
error. The “Fail Bitrex” row needs to be adjusted. Of the 8 individuals that failed Bitrex and
Portacount, 5 individuals should have passed Bitrex (still in the “Pass Portacount” column). Of

the 70 individuals who failed Bitrex and failed Portacount, 46 should have passed Bitrex (still in
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the “Fail Portacount” column). After adjusting for the Bitrex alpha error, the results would look

like the following:

Pass Portacount

Fail Portacount

Pass Bitrex

131

94

Fail Bitrex

3

24

n=252

A similar adjustment can be made to account for the Portacount alpha error of 58%. Of the 24
individuals that failed Portacount and Bitrex, 14 individuals should have failed Portacount (still
in the “Fail Bitrex” row). Of the 94 individuals who failed Portacount and passed Bitrex, 55
should have passed Portacount (still in the “Pass Bitrex” row). After adjusting for the

Portacount alpa error the results would look like the following:

Pass Portacount

Fail Portacount

Pass Bitrex

186

39

Fail Bitrex

17

10

n=252

The net change for each of the outcomes can be calculated. Comparing the original data to the

adjusted data, the following are the net changes for each outcome:

Pass Portacount

Fail Portacount

Pass Bitrex

+60

-9

Fail Bitrex

+9

-60

We can now add the alpha and beta net adjustments together to get a total adjustment

required:
_ Pass Portacount Fail Portacount
Pass Bitrex -17 +60 +3-9
Fail Bitrex +9 +9 +5 -60

The total adjustment, combining the alpha and beta error, results in:
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Pass Bitrex

Pass Portacount

Fail Portacount

+43

-6

Fail Bitrex

+18

-55

Going back to the raw data and making these adjustments:

Pass Bitrex

Pass Portacount

Fail Portacount

126 +43

48 -6

Fail Bitrex

8+18

70 -55

n=252

Results in the following for the 3M 1860 model.

Pass Bitrex

Pass Portacount

Fail Portacount

169

42

Fail Bitrex

26

15

n=252
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APPENDIX |

Calculations for adjusting fit-test year data to account for fit-test method error

In Year 1, as previously stated, we made the assumption that there was no error associated
with either the Bitrex or Portacount fit-test methods and no participant who passed both of
these methods in Year 1 (and was subsequently enrolled in the study) actually passed in error.
There were 341 participants who remained until Year 3 and if we were to look at the Year 1

results for these individuals, they all passed on both the Portacount and Bitrex methods.

_ Pass Portacount Fail Portacount

Pass Bitrex 341 0
Fail Bitrex 0 0

n=341

However, from the values determined by Coffey et al, the beta error (chance of passing a fit-
test in error) for the Bitrex method is 8% and for the Portacount method is 6%. If these values
are true, of this cohort from Year 1, adjusting the data to identify those who should have in fact

failed one or both of the fit-test methods results in the following breakdown:

_ Pass Portacount Fail Portacount

Pass Bitrex 295 19
Fail Bitrex 25 2

n=341

Another way to look at this is that there were participants who may have passed in error. In
subsequent fit-tests (e.g. in Year 3), these individuals are more likely to be “correctly” identified
through the fit-test process and move in to the “fail” category. This is not a reflection of any
change in fitting characteristic or ability but simply the result of chance.

Those individuals identified as fails in Year 1 should be removed from the process since they
shouldn’t have made it through from Year 1 (i.e. they passed in error). In Year 3, our raw data

was as follows:
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_ Pass Portacount Fail Portacount

Pass Bitrex 127 72-19
Fail Bitrex 27-25 115-2

n=341

Removing those identified as fails in our adjusted data results in the following:

_ Pass Portacount Fail Portacount

Pass Bitrex 127 53
Fail Bitrex 2 113

n=295

At this point, we need to consider the alpha error (we can ignore the beta error since we have
already adjusted for those who would have failed in error from the Year 1 data). Let us first
consider the alpha errors (chance of failing in error) which Coffey et al determined to be 65%
and 58% for the Bitrex and Portacount methods, respectively. Adjusting the data accordingly

results in the following:

_ Pass Portacount Fail Portacount

Pass Bitrex 201 53
Fail Bitrex 24 17

n=295
The overall agreement between the two methods is now 74% ((201+17)/(295)).
The data from Year 2 can be adjusted in a similar manner and yields the following, with an 87%

agreement between the two methods:

_ Pass Portacount Fail Portacount

Pass Bitrex 94 10
Fail Bitrex 5 3

n=112
The adjusted data therefore shows agreement between the two methods changing
substantially over time as well: 100% in Year 1, 87% in Year 2, and 74% in Year 3. (compare with

the raw data here)
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TABLES

Table I: Participant Study Groups

Year 1 Year 2 Year 3
. Education/ .
Grou Setting Selected From . Education . .
P g Training Fit-Test . . / Fit-Test | Fit-Test
Training

1 Residential Care v v v v v

2 Residential Care v v v v

3 Residential Care v v v

4 Acute Care v v v v v

Table II: Summary of Comparative Analyses Used to Assess Stated Objective

Objective | Description of comparison
1 Compare the outcomes between the qualitative (i.e. Bitrex) and quantitative (i.e.
Portacount) fit-testing methods.
Determine if there is a significant difference between failure rates associated with annual
2 versus biennial fit-test frequencies for N95 FFRs commonly used in healthcare. (Compare
fit-test pass rates in Year 3 between Group 1 and 3).
Evaluate the level of N95 FFR donning skills retained by staff that are fit-tested on an
3 annual basis only, biennial basis only, or biennial basis but with an annual education
component in between fit-tests. (Compare fit-test pass rates in Year 3 between Group 1, 2,
and 3 (with Group 1 serving as the control)).
Determine the effect of regular usage on fit-test failure rates as well as on the level of
4 donning and doffing skills retained by staff using N95 FFRs. (Compare fit-test pass rates in
Year 3 between Group 1 and 4).
5 Evaluate the applicability of a user seal check as a surrogate for a fit-test in determining an

adequate fit on an N95 FFR.

Table Ill: Information and Documentation Collected

Item

Description

Respirator User
Health Screening

Used to ascertain if there are any medical complications which could affect the
user’s ability to wear a respirator. This was developed as per requirements in the
CSA Standard as well as in consultation with a Fraser Health Occupational
Physician. See Appendix C.

Medical Assessment | To be completed if the participant requires physician assessment based on the

Form Respirator User Health Screening (above). See Appendix D.

Respirator Fit-Test Collects the required fit-test information to be documented as per the CSA
Form Standard. See Appendix C.

N95 FFR Usage Utilized to determine frequency of N95 usage by a subject for the duration of the
Questionnaire study. See Appendix E.

Changes in weight can affect respirator fit. In order to ensure that failures on
subsequent fit-tests are not the result of changes in weight, the participant’s

Weight and Photo of | weight will be collected during each fit-test session. Also, two orthogonal view
Participant’s Face photos of the participant’s face will be taken at the time of each fit-test. These

photos will be reviewed by the research team only if there are future fit-test
failures during the study which cannot be accounted for.
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Table IV: Job Titles of Participants in each of the three study groups in Year 3

Job Title Study Group End of
1 2 3 Study Total
(Year 3)
Accountant 0 1 0 1
Assisted Living Manager 0 0 2 2
Care Aide 63 50 88 201
Director of Care 0 1 5 6
Housekeeping 4 2 1 7
Housekeeping Supervisor 1 0 0 1
LPN 12 14 14 40
Music Therapist 0 0 1 1
Recreational Therapist 3 2 1 6
RN Residential Care Coordinator 1 2 6
RN 6 10 12 28
RPN 0 0 1 1
Social Worker 0 3 1 4
Unit Clerk 1 0 2 3
Total 307

Table V: Number of Study Participants by year

Total Number

Group 1 Group 2 Group 3 Group 4 ofParticipants

Year 1 153 151 252 118 674
Year 2 121 124 - 57 302
Year 3 91 86 130 40 347

Total Loss to Follow-up 62 (41%) 65 (43%) | 122 (48%) | 78 (66%) 327 (49%)
(Year 1 to 3)
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Table VI: Summary of reasons and numbers of those loss for follow-up

Reasons Acute Care Residential Care
Year 2 | Year3 Total Year 2 Year 3 Total

Left Department 17 1 18 65 67 132
Left Department — Retired 1 0 1 0 9 9
Left Department — 3 0 3 0 0 0
Student
Not available during 7 9 16 0 29 29
follow — up
Casual 9 1 10 0 21 21
Long Term Disability 1 0 1 0 16 16
Leave of Absence (LOA) 6 0 6 0 3 3
Education leave 0 0 0 0 3 3
Maternity leave 1 1 2 0 4 4
Refused — No reason 3 0 3 2 16 16
given
Refused — Fit tested by 10 0 10 0 0 0
others
Refused — Claims Bitrex 0 0 0 0 4 4
made sick
Refused — Pregnant 1 0 1 0 2 2
Refused — Sick 0 0 0 0 1 1
On Sick Leave 3 0 3 0 4 4
Breathing difficulties 0 0 0 0 1 1
Not Clean Shaven 0 4 4 0 0 0
Wrong N95FFR 0 1 1 0 3 3

Total 61 17 79 67 183 248
Table VII: Summary of Weight Change from Year 1 to Year 3
Weight Change from Year 1 Group 1 Group 2 Group 3 Group 4

n =87 n=83 n=123 n=37

<+10% 78 (90%) 72 (87%) 112 (91%) 32 (86%)
>+10% 5 (6%) 6 (7%) 6 (5%) 4 (11 %)
<-10% 4 (4%) 5 (6%) 5 (4%) 1(3%)

Table Vllla: Effect of Respirator Model on Fit-Test Outcome — 3M 1860 (Raw Data)

Pass Bitrex

Pass Portacount

Fail Portacount

126

48

Fail Bitrex

8

70

n=252
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Table Vlllb: Effect of Respirator Model on Fit-Test Outcome — 3M 1860S (Raw Data)

Pass Portacount

Fail Portacount

Pass Bitrex

471

96

Fail Bitrex

23

108

n=698

Table Vllic: Effect of Respirator Model on Fit-Test Outcome — 3M 1870 (Raw Data)

Pass Portacount

Fail Portacount

Pass Bitrex

301

88

Fail Bitrex

13

146

n=548

Table IXa: Effect of Respirator Model on Fit-Test Outcome —3M 1860 (Adjusted Data)

Pass Portacount

Fail Portacount

Pass Bitrex

169

42

Fail Bitrex

26

15

n=252

Table IXb: Effect of Respirator Model on Fit-Test Outcome — 3M 1860S (Adjusted Data)

Pass Portacount

Fail Portacount

Pass Bitrex

518

88

Fail Bitrex

64

28

n=698

Table IXc: Effect of Respirator Model on Fit-Test Outcome — 3M 1870 (Adjusted Data)

Pass Portacount

Fail Portacount

Pass Bitrex

374

87

Fail Bitrex

57

30

n=548

Table Xa: Effect of Fit-Test Method Order on Outcome - Bitrex Followed by Portacount

(Raw Data)
_ Pass Portacount Fail Portacount
Pass Bitrex 611 169
Fail Bitrex 28 194

n=1002

Table Xb: Effect of Fit-Test Method Order on Outcome — Portacount Followed by Bitrex

(Raw Data)
_ Pass Portacount Fail Portacount
Pass Bitrex 287 62
Fail Bitrex 16 130

n=496
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Table Xla: Effect of Fit-Test Method Order on Outcome - Bitrex Followed by Portacount

(Adjusted Data)

Pass Portacount

Fail Portacount

Pass Bitrex

717

144

Fail Bitrex

93

48

n=1002

Table Xlb: Effect of Fit-Test Method Order on Outcome — Portacount Followed by Bitrex

(Adjusted Data)

Pass Portacount

Fail Portacount

Pass Bitrex

343

73

Fail Bitrex

53

26

n=495

Table Xlla: Effect of Fit-Test Year on Fit-Test Outcome — Year 1 (Longitudinal Raw Data)

Pass Portacount

Fail Portacount

Pass Bitrex

341

0

Fail Bitrex

0

0

n=341

Table Xllb: Effect of Fit-Test Year on Fit-Test Outcome — Year 2 (Longitudinal Raw Data)

Pass Portacount

Fail Portacount

Pass Bitrex

79

17

Fail Bitrex

7

24

n=127

Table Xlic: Effect of Fit-Test Year on Fit-Test Outcome - Year 3 (Longitudinal Raw Data)

Pass Portacount

Fail Portacount

Pass Bitrex

127

72

Fail Bitrex

27

115

n=341

Table Xllla: Effect of Fit-Test Year on Fit-Test Outcome — Year 2 (Longitudinal Adjusted

Data)
_ Pass Portacount Fail Portacount
Pass Bitrex 94 10
Fail Bitrex 5 3

n=112
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Table Xlllb: Effect of Fit-Test Year on Fit-Test Outcome - Year 3 (Longitudinal Adjusted

Data)
Pass Portacount Fail Portacount
Pass Bitrex 201 53
Fail Bitrex 24 17
n=295

Table XIVa: Overall Comparison of Fit-Test Outcomes by Fit-Test Method (Raw Data)

Pass Portacount

Fail Portacount

Pass Bitrex

898

232

Fail Bitrex

44

324

n=1,498

Table XIVb: Overall Comparison of Fit-Test Outcomes by Fit-Test Method (Adjusted Data)

Pass Portacount

Fail Portacount

Pass Bitrex

1244

101

Fail Bitrex

132

21

n=1,498

Table XV: Longitudinal Pass Rates For Each Group (Raw Data)

Group Fit-Test Method Year 2 Year 3
Group 1 Pass Bitrex 71 (78%) 50 (56%)
Education & Fit-Testing in Year 2 Pass Portacount 65 (71%) 37 (41%)
n=91

Group 2 Pass Bitrex N/A 49 (57%)
Education only in Year 2 Pass Portacount N/A 37 (43%)
n =286

Group 3 Pass Bitrex N/A 72 (56%)
No Intervention in Year 2 Pass Portacount N/A 56 (43%)
n=130

Group 4 (Acute Care) Pass Bitrex 25 (69%) 29 (81%)
Education & Fit-Testing in Year 2 Pass Portacount 21 (58%) 26 (72%)
n=36
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Table XVI: Longitudinal Pass Rates For Each Group (Adjusted Data)

Group Fit-Test Method Year 2 Year 3
Group 1 Pass Bitrex 73 (88%) 68 (81%)
Education & Fit-Testing in Year 2 Pass Portacount 73 (85%) 63 (73%)
n=84 (Bitrex); n=86 (Portacount)

Group 2 Pass Bitrex N/A 65 (82%)
Education only in Year 2 Pass Portacount N/A 61 (75%)
n=79 (Bitrex); n=81 (Portacount)

Group 3 Pass Bitrex N/A 97 (81%)
No Intervention in Year 2 Pass Portacount N/A 91 (75%)
n=120 (Bitrex); n=122 (Portacount)

Group 4 (Acute Care) Pass Bitrex 28 (85%) 30 (91%)
Education & Fit-Testing in Year 2 Pass Portacount 28 (82%) 29 (85%)
n=33 (Bitrex); n=34 (Portacount)

Table XVII: Median Average Yearly Use of N95 FFRs of Group 4 Subjects (Acute Care)

. Median Average Yearly Use | Median Average Yearly Use

Job Title
Year 2 Year 3

Care Aide 24 Not Available
Emergency Room Attendant 12 3
Licensed Practical Nurse 12 10
Manager 0 Not Available
Registered Nurse 30 10
Respiratory Therapist 144 144
Respiratory Equipment Tech 2 0
Respiratory Operations 144 0
Coordinator
Unit Clerk 0 Not Available

Table XVIII: Bitex and Portacount Fit-Test Outcomes (n=780)

] Fit-Test Outcome

Study Group Fit-Test Method -

Pass Fail
Naive Portacount 485 (75%) 158(25 %)
(n=643) Bitrex 551 (86%) 92 (14%)

o) 0,

Experienced Portacount 96 (70%) 41 (30%)
(n=137) Bitrex 107 (78%) 30 (22%)
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