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Brief Communication

Adverse Reactions Associated With
Respirator Fit Testing of Healthcare
Workers in British Columbia, Canada:
A Review of Compensation Claim Cases

Sami Youakim, MD, MSc, FRCP

ABSTRACT. Thousands of healthcare workers in British Columbia are being fit tested for respirator
use as a part of respiratory protection programs emanating from the SARS outbreak in 2003. The
author reviews 8 claims submitted to the Workers’ Compensation Board of British Columbia for ad-
verse reactions related to denatonium benzoate fit testing. The adverse effects varied in severity.
Most claims involved respiratory symptoms and 3 dermatitis or angioedema symptoms. One asth-
matic required hospitalization for a severe asthmatic reaction. These cases indicate that there may
be potentially significant health risks associated with denatonium benzoate-based fit testing at least
for a small group of susceptible individuals. More systematic research is required.
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uring the coronavirus SARS outbreak in Toronto,

Canada, in early 2003, a significant proportion of

the afflicted individuals were healthcare workers
(HCWs) who contracted this serious respiratory tract infec-
tion from their patients.! This incident clearly demonstrated
the vulnerability of the healthcare system? and the need to
better protect healthcare providers.

The use of respiratory protection is a commonly recom-
mended method for protecting HCWs from SARS and other
airborne infectious agents such as tuberculosis.>® Respira-
tory protection programs typically include a respirator fit
testing component.”® The primary purpose of fit testing is to
ensure that the respirator being used by the individual forms
a tight enough seal so as to adequately protect the person
from unwanted airborne hazard exposures.

Fit testing HCWs in British Columbia (BC), Canada, typ-
ically involves qualitative testing using denatonium benzoate

as the detection agent. This method is similar to the saccha-
rine testing method against which it has been validated and
produces nearly identical results.!® The test takes a few min-
utes to perform and relies on the individual’s ability to per-
ceive the extremely bitter taste of the agent. A plastic testing
hood with a clear visor is placed over the individual’s head to
the shoulders, and a small anterior port permits the insuffla-
tion of the denatonium benzoate solution into the hood using
a nebulizer. The first part of the test screens for the individ-
ual’s ability to detect (taste) aerosolized droplets of a dilute
solution of denatonium benzoate. The individual puts on the
respirator for the second part of the test, and a more concen-
trated solution of the denatonium benzoate is sprayed into the
hood while the individual performs a set of maneuvers such
as talking or grimacing. An acceptable respirator fit test oc-
curs when the individual fails to taste the denatonium
benzoate.!!-13
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Over the past few years, thousands of HCWs in BC have
undergone respirator fit testing with this method. The Work-
ers’ Compensation Board of BC (WorkSafeBC) has received
a number of claims for adverse reactions that have been at-
tributed to qualitative respirator fit testing based on denato-
nium benzoate as the detection substance. I summarize these
cases in this article; I then discuss the occupational and pub-
lic health implications.

Case Summary

A total of 8 claims, all from persons aged between 33 and
58 years (5 from women and 3 from men) were filed with
WorkSafeBC between 2003 and 2005. These included 7
HCW and 1 non-HCW claim.

Six of the 8 individuals had a history of allergies. One indi-
vidual was allergic to latex, and one was allergic to shellfish.
Four had allergies to dust mites, grass, pollen, or hay fever; one
was also allergic to sulfites as well as seafood, and another was
also allergic to cedar. Three individuals had a history of asth-
ma, 2 had diabetes, and 2 had hypothyroidism.

Seven of the 8 claimants were actually fit tested, and one
was in the same room where fit testing occurred. Exposure
to denatonium benzoate was by inhalation in all cases, al-
though one individual who developed delayed skin symp-
toms also had direct skin contact with the liquid.

In 7 cases, the symptoms occurred immediately or with-
in minutes of testing. In one case with predominantly der-
mal manifestations, the onset of symptoms was delayed by
8 hours posttesting. Five of the 8 claimants had predomi-
nantly respiratory symptoms, whereas 3 of the 8 had pre-
dominantly dermal or soft-tissue symptoms. Two individu-
als had exacerbation of their underlying asthma; one had an
anaphylactic reaction including angioedema and severe
bronchospasm. Two other individuals may have had bron-
chospasm and one individual may have had angioedema; it
is not possible to be more definite with the available clini-
cal information. In at least 2 of the § cases, anxiety was an
important component of the symptom presentation.

Seven of the 8 individuals developed no significant com-
plications. One individual with preexisting asthma required
hospitalization and treatment in the ICU for a severe asth-
matic/anaphylactic reaction. Four cases involved paid time
loss from work, varying in duration from 1 to 25 days.

COMMENT

Qualitative respiratory fit testing methods are commonly
preferred over quantitative methods when testing large num-
ber of people repeatedly because they are simple, rapidly
performed, easily transportable, easy to teach to testers, and
relatively inexpensive, requiring minimal material.'®!!
There are 3 commonly used qualitative fit-testing methods
for particulate air purifying respirators, and all rely on the
ability of the individual being tested to detect the testing
substance.''? The oldest method uses an airflow indicator
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or smoke tubes, which are commonly used to evaluate ven-
tilation systems. These tubes emit visible stannic chloride
aerosol, which produces hydrogen chloride when it interacts
with moisture on mucous membranes. Hydrogen chloride is
a potent respiratory tract irritant, and detecting the irritation
is the basis of the test. However, during testing, concentra-
tions of hydrogen chloride are difficult to control, and occa-
sionally significantly elevated levels can be produced. The
US National Institute for Occupational Safety and Health
considers the fumes of hydrogen chloride produced by irri-
tant smoke tubes a health risk and recommends against this
method of respirator fit testing.!*!> The second method uses
saccharine as a detection agent. However, this method was
also called into question when saccharine was suspected of
being carcinogenic.'” The newest method based on denato-
nium benzoate was approved by the Occupational Safety
and Health Administration (US) in 1998 as an as a safe third
alternative.'®

Denatonium  benzoate  (CygH3uN,Os;  N-[2-[(2,6-
dimethylphenyl)amino]-2-oxoethyl]-N,N-diethylbenzen-
emethanaminium benzoate) is a lignocaine derivative that was
discovered accidentally in 1958 by W. Barnes while searching
for a more powerful local anesthetic. It is manufactured and
sold by Macfarlan Smith Ltd., in the United Kingdom, under
the brand name Bitrex. It is one of the bitterest substances
known, and most people are able to detect it at concentrations
as low as 10 ppb; at 10 ppm, it is unpleasantly bitter.!”!® This
characteristic of denatonium benzoate has made it useful as a
taste-aversion agent—commonly used to prevent accidental
or harmful consumption, especially by children—of a variety
of consumer products.'® Animal toxicity studies suggest a low
toxicity profile for denatonium benzoate,'® but the data relat-
ed to chronic toxicity and hypersensitivity potential for
humans are limited.?® Repeated inadvertent exposure of the
population occurs through a variety of consumer products
such as suntan lotions, beauty products, and household clean-
ing products. Adverse reactions to these exposures would be
difficult to recognize given that denatonium benzoate is not
listed on most products because of its low percentage content.?
A search of the medical literature provided only one case
report of an individual with severe allergic reactions, includ-
ing urticaria and asthma, resulting from exposure to a variety
of products containing denatonium benzoate.?' The material
safety data sheet for Bitrex fit sensitivity solution (0.01%) and
the fit testing solution (0.2%) do not report any significant ad-
verse health effects.?? This, as far as [ am aware, is the first se-
ries of cases reporting adverse reactions to respirator fit test-
ing with denatonium benzoate.

The cases presented in this report raise a number of im-
portant occupational and public health issues related to
the use of denatonium benzoate for fit testing. The prima-
ry issue involves determining the nature of the adverse re-
actions. Several of the cases describe adverse reactions
that are likely due to an irritant effect, whereas others are
more consistent with an allergic mechanism. Although
most of the individuals presented with fairly rapid onset of
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symptoms or immediate reactions in relation to the test-
ing, one case raises the possibility of a delayed response.
Some of the adverse effects may be more psychological
than toxicological in nature. In at least 2 of the cases sub-
mitted to WorkSafeBC, the presentation was consistent
with a psychological reaction. Wearing a respirator is dis-
tressing for some individuals because it can provoke
claustrophobic feelings. Adding the hood over the head
and shoulders to perform the fit testing can significantly
exacerbate these sensations to the level of acute anxiety or
panic. Most of the adverse reaction cases, however, cannot
be attributed simply to an anxiety response. Some of
adverse effects were serious, including angioedema and
asthmatic episodes. In fact, one individual had a poten-
tially life-threatening reaction, requiring intensive care
unit admission for severe bronchospasm and anaphylaxis.

Another issue that needs clarification concerns the pos-
sibility that some individuals may be more susceptible
than others to adverse reactions. In the cases presented,
the majority of individuals (6 of 8) had a history of aller-
gies, and 3 of the 8 had pre-existing asthma. Are atopic in-
dividuals or asthmatics more susceptible to developing ad-
verse reactions from fit testing with denatonium
benzoate? Should such individuals be precluded from this
type of fit testing?

From the public health perspective, it is essential to obtain
an estimate of the rates of adverse reactions in the popula-
tion being tested and the severity of these reactions. Relative
risk estimates may permit benefit-risk analysis and high-risk
group identification. There is also the need to consider the
absolute risk given the size of the population of workers un-
dergoing testing. In BC, thousands of HCWs and other
workers are being tested. Even if the relative risk for adverse
effects of fit testing using denatonium benzoate is small, the
absolute number of workers with adverse reactions may
nevertheless be sizeable.

The frequency of testing workers is another important
issue that requires consideration and study. Annual fit test-
ing has been recommended?® or required by regulation in
certain jurisdictions,” including BC.?* Under these cir-
cumstances, a large number of HCWs (and other workers)
may undergo several fit tests over their working careers.
Does annual testing increase the risk of adverse effects?
For example, can repeated exposure to denatonium ben-
zoate result in sensitization of certain individuals? If so,
what are the health consequences for these individuals
given the ubiquity of denatonium benzoate in consumer
products?

Conclusions

Qualitative fit testing with denatonium benzoate has a
number of advantages, and it can serve a useful role in the
protection of HCWs. However, it may not be the method of
choice for all individuals. The cases summarized in this re-
port indicate that denatonium benzoate testing may produce
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adverse effects at a low rate, but nevertheless, the small
fraction of the population affected may be susceptible to
serious reactions. Researchers must evaluate this issue in a
more systematic and comprehensive fashion.
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