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Nosocomial transmission of severe acute respiratory syndrome from
critically ill patients to healthcare workers has been a prominent
and worrisome feature of existing outbreaks. We have observed a
greater risk of developing severe acute respiratory syndrome for
physicians and nurses performing endotracheal intubation (relative
risk [RR], 13.29; 95% confidence interval [CI], 2.99 to 59.04; p �

0.003). Nurses caring for patients receiving noninvasive positive-
pressure ventilation may be at an increased risk (RR, 2.33; 95% CI,
0.25 to 21.76; p � 0.5), whereas nurses caring for patients receiving
high-frequency oscillatory ventilation do not appear at an increased
risk (RR, 0.74; 95% CI, 0.11 to 4.92; p � 0.6) compared with their
respective reference cohorts. Specific infection control recommen-
dations concerning the care of critically ill patients may help limit
further nosocomial transmission.
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Severe acute respiratory syndrome (SARS) is a newly recognized
infectious disease that has led to international concern and
response (1–4). Nosocomial transmission from ill patients to
healthcare workers has been a prominent and worrisome feature
of existing SARS outbreaks (4, 5). In Singapore and Toronto,
healthcare workers have accounted for half of all SARS cases
and approximately 20% of critically ill SARS cases (6, 7). There
has been concern that specific ventilation strategies may place
healthcare workers at greater risk of contracting SARS, and this
has influenced early guidelines for the management of patients
with SARS. There are yet few reports examining the nature and
magnitude of this risk. This report describes the occurrence of
high rates of transmission to healthcare workers caring for pa-
tients with SARS who required ventilatory assistance.

METHODS

To determine whether specific ventilatory strategies were associated
with an increased risk of SARS development in healthcare workers,
we undertook retrospective cohort analyses involving an intensive care
unit (ICU) in which nine patients with SARS had been treated with
various modes of ventilatory support. Seven patients with SARS were
treated during the outbreak period; two patients were treated and
discharged greater than 3 weeks before the outbreak and are not in-
cluded. We considered and evaluated ventilatory exposures for the
2-week period before the outbreak, corresponding to the upper duration
latency between exposure and SARS symptom onset in other series
(2–4, 7, 8). Because of the concern of dispersal of respiratory droplets
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and secretions and limited available data, we chose to restrict our
analysis to three particular respiratory practices to determine whether
they conferred a high risk. We examined (1 ) the risk of developing
probable or suspect SARS (1, 2) for physicians who performed endotra-
cheal intubation for patients with SARS and respiratory failure versus
physicians who cared for patients with SARS but did not perform
endotracheal intubation, as well for nurses who assisted with endotra-
cheal intubation versus nurses who cared for patients with SARS but
were not present for endotracheal intubation; (2 ) the risk of developing
SARS for nurses caring for patients with SARS with high-airflow, nonin-
vasive positive-pressure ventilation (NIPPV); and (3 ) the risk of devel-
oping SARS for nurses caring for patients with SARS treated with
high-frequency oscillatory (HFO) ventilation. In the later two groups,
the comparison was to nurses caring for patients with SARS treated
with conventional ventilation. Physicians formed the “at-risk” and con-
trol group for the first analysis, as all intubations were performed by
physicians. For analyses of ventilatory techniques, nurses were consid-
ered rather than other healthcare workers (such as respiratory therapists
or physicians) because of the greater likelihood for a longer duration
of exposure and greater specificity of exposure (in the ICU studied,
nurses generally care for one patient per shift, whereas respiratory
therapists and physicians typically care for many different patients, with
shorter durations of direct exposure to individual patients).

For each measure of association, factors previously identified to
confer a greater risk of contracting SARS, such as age and presence
of diabetes mellitus, were considered as potential confounders (7, 8).
During the period of investigation, all patients were treated in negative-
pressure isolation rooms, and healthcare workers wore gloves, gowns,
N-95/PCM 2,000 masks, and hairnets. Eye or face shields were variably
employed. Bronchoscopy and aerosol therapy were not performed. We
explored the dose–response relationship between nursing exposure and
the risk of developing SARS by examining not only absolute numbers
of nurses affected in relationship to all exposed, but also the number
of nursing shifts exposed in relationship to the total nursing shifts
during the period of evaluation. We similarly compared dose–response
relationships for physicians based on duration and degree of difficulty
of intubation (greater than two attempts at passing the endotracheal
tube, longer than 10 minutes of direct laryngoscopy/bag-mask ventila-
tion, or copious patient secretions). Small sample sizes and limited
information precluded determination of independent measures of asso-
ciation through multivariable logistic regression. We compared baseline
normally distributed continuous characteristics (e.g., mean age � SD)
using Student’s t test. As many comparisons contained small sample
sizes, Fisher’s exact tests were used to assess risk factors. Two-sided
tests were used for all comparison, and 95% confidence intervals (CIs)
were calculated for all relative risks (RRs).

RESULTS

The epidemic curve of healthcare workers who contracted SARS
after caring for critically ill patients is presented in Figure 1.
Between April 1 and April 22, 2003, there were 122 critical care
staff at risk during the outbreak period, including 66 nurses,
18 nursing aids/patient assistants, 15 physicians, 18 respiratory
therapists, 3 physiotherapists, and 2 other healthcare workers.
All 122 members of the staff had exposure to patients with SARS
during this period, but some had differential exposures, allowing
for determination of the RR of certain exposures. Ten (8.2%)
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Figure 1. Epidemic curve of intensive care unit (ICU) healthcare workers
who contracted severe acute respiratory syndrome (SARS) through pa-
tient care. BiPAP � biphasic positive airway pressure; HFO � high-
frequency oscillatory; MD � physician; RN � registered nurse; RT �

respiratory therapist.

critical care healthcare workers (five critical care nurses, two
respiratory therapists, and three physicians) met the clinical case
definition of probable SARS—all but one of these healthcare
workers tested positive for SARS-coronavirus by polymerase
chain reaction or serology. One healthcare worker did not have
either test performed. All healthcare workers with SARS were
subsequently hospitalized. Most received supplemental oxygen
and antimicrobial therapy, but none became critically ill (7, 8).
The mean age of healthcare workers with SARS was 35.1 � 6.5
years and 36.2 � 4.7 years among those without SARS (p �
0.7).

Healthcare workers and the nature of their exposures are
described in Table 1. Nurses and physicians who directly partici-
pated in endotracheal intubation had a dramatically increased
risk of subsequently developing SARS (RR, 13.29; 95% CI, 2.99
to 59.04; p � 0.003) (Table 2). This association was subsequently
stratified based on the nurse or physician role. Physicians per-
forming endotracheal intubation had a 3.8-fold greater likeli-
hood of subsequently developing SARS than did physicians
caring for patients with SARS who did not perform endotracheal
intubation (RR, 3.82; 95% CI, 0.23 to 62.24; p � 0.5); however,
this association was not statistically significant. Three intubations
were deemed “difficult,” whereas three were deemed not diffi-
cult. One of the three difficult intubations and one of the three
nondifficult intubations were associated with physician acquisi-
tion of SARS. Only one physician was the primary intubator
for more than one patient with SARS; however, this increased
exposure was not associated with physician acquisition of SARS.
Both among physicians who contracted SARS and those who

did not, there was an equal (1:1:1) distribution of junior trainees,
senior critical care trainees, and critical care attending physicians.

As the numbers of nurses who assisted and did not assist
endotracheal intubation were much greater than physicians, we
were able to define their risk more fully. Nurses who assisted
in endotracheal intubation were much more likely to develop
SARS than were nurses who cared for patients with SARS in
the ICU at other times (RR, 21.38; 95% CI, 4.89 to 93.37; p �
0.001) (Table 2). Three of the five nurses who developed SARS
assisted during intubation of patients with SARS. The risk was
similarly high when examined as a function of nursing shifts
of exposure compared with shifts worked when endotracheal
intubation was not performed (RR, 33.0; 95% CI, 7.50 to 145.30;
p � 0.0001).

Nurses caring for patients receiving NIPPV may have been
more likely to develop SARS than nurses caring for patients
with SARS treated with conventional ventilation (RR, 2.33; 95%
CI, 0.25 to 21.76; p � 0.5), but this was not statistically significant
(Table 3). This association was unchanged when examined by
nursing shifts at risk because NIPPV was not used for prolonged
periods and nurses generally cared for only one patient (one
shift) in total. No nurses in this group assisted with endotracheal
intubation per se, although nurses who developed SARS often
had their first exposure to patients with SARS within the first
48 hours of their patient’s admission.

Nurses caring for patients with SARS receiving HFO did not
appear to have an increased risk of developing SARS than did
nurses who cared for patients with SARS who received conven-
tional mechanical ventilation (RR, 0.74; 95% CI, 0.11 to 4.92;
p � 0.6) (Table 3). The association was similar when examined
by nursing shift at risk (RR, 0.55; 95% CI, 0.1 to 3.12; p � 0.8),
and neither reached statistical significance. In this group, similar
to that observed with other interventions, SARS occurred in
nurses caring for patients within 48 hours of their patient’s admis-
sion to the ICU.

DISCUSSION

We have shown that physicians and nurses involved in the early
critical care period and endotracheal intubation of patients with
SARS are at a substantially increased risk of themselves con-
tracting the illness. This association is particularly strong among
nurses present during the period of endotracheal intubation.
Physicians who actually place the endotracheal tube also appear
to be at increased risk, although this association did not reach
statistical significance, possibly because of the smaller numbers
of physicians caring for patients with SARS during the outbreak.
It is also interesting that the RR may be higher for nurses than
physicians. This might be because of a longer duration of expo-
sure that nurses likely had in the peri-intubation period, whereas
physician exposure is often limited to the procedure itself. The
relationship among other ventilation practices that may also lead
to increased exposure to viral-laden droplets and subsequent
transmission of SARS is less clear—no statistically significant
association between NIPPV or HFO could be found by examin-
ing an outbreak within one ICU.

Our study also offers insights into the importance of timing
of SARS transmission from critically ill patients to healthcare
workers. Although symptoms in workers arose over a 7-day
period, we feel it was important to examine potential exposures
in the 14 days before the date of onset, corresponding to upper
limits of latency from exposure (7, 8). Transmission often ap-
peared to occur within 48 hours of patients’ admission to the
ICU and often involved acute patient respiratory stabilization
through endotracheal intubation and mechanical ventilation.
There may be a number of potential explanations for this. First,
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TABLE 1. DESCRIPTION OF HEALTHCARE WORKERS WHO DEVELOPED SEVERE ACUTE
RESPIRATORY SYNDROME

Healthcare Worker Occupation Nature of Exposure

1 Registered nurse Cared for patient treated with conventional ventilation during one 12-hour
shift; assisted with intubation

2 Respiratory therapist Routine respiratory care for multiple 12-hour shifts; assisted with intubation
3 Respiratory therapist Routine respiratory care for multiple 12-hour shifts; assisted with intubation
4 Registered nurse Cared for patient treated with NIPPV for one 12-hour shift; present before,

during, and after intubation
5 Registered nurse Cared for patient treated with HFO for one 12-hour shift
6 Registered nurse Cared for patient treated with HFO, conventional ventilation for one

12-hour shift; assisted with intubation
7 Physician Cared for all patients during multiple shifts; performed intubation
8 Physician Cared for all patients during multiple shifts; performed intubation
9 Registered nurse Cared for patient treated with conventional ventilation for two 12-hour

shifts; present for intubation
10 Physician Cared for all patients during multiple shifts, helped to perform intubation

the clinical deterioration that often precipitates transfer to an
ICU may be associated with increased tachypnea, dyspnea, or
coughing and thus increased dispersal of infectious respiratory
droplets. As well, deterioration may involve the changes in respi-
ratory support that also increase the likelihood of secretion dis-
persal. Although patients were treated in negative-pressure
isolation rooms and full droplet precautions were in place before
the onset of the outbreak, a compromise in such protective
barriers may have been more likely with both patient deteriora-
tion and transfer (5). With increased awareness, education, and
vigilance to infection control procedures; the addition of face
shields, personal respirators for high-risk activities such as endo-
tracheal intubation, the addition of bacterial–viral filters (Clear-
Guard 3; Intersurgical Ltd., Berkshire, UK) on the exhalation
valve of all mechanical ventilators; diminished exposure to
acutely ill patients with SARS requiring stabilization and intuba-
tion; and possibly because of fewer other ventilation practices
associated with a high risk of droplet dispersal (such as NIPPV),
further nosocomial transmission was stopped within this ICU.

There are several limitations of our analysis. The small sample
size and limited available data preclude extensive stratification
or meaningful multiple logistic regression that might identify
other and independent predictors. Certain associations may be
altered by important confounding or effect-modifying variables
we were unable to consider. Several other critical care interven-
tions may be associated with a greater risk for transmission of
SARS to healthcare workers. For example, patients receiving
HFO typically have severe respiratory disease and may therefore

TABLE 2. ASSOCIATION OF ENDOTRACHEAL INTUBATION WITH THE DEVELOPMENT OF SEVERE
ACUTE RESPIRATORY SYNDROME AMONG PHYSICIANS AND NURSES

Any Involvement with Intubation n Developed SARS RR 95% Confidence Interval p Value

All healthcare workers
Yes 14 6 13.29 2.99–59.04 0.003
No 62 2

For nurses
Yes 4 3 21.38 4.89–93.37 0.001
No 57 2

For physicians
Yes 10 3 3.82 0.23–62.24 0.5
No 5 0

Definition of abbreviations: RR � relative risk; SARS � severe acute respiratory syndrome.

produce a larger quantity or concentration of virus in sputum
or expiratory gas than less ill patients, producing an increased
risk for transmission of SARS to healthcare workers on this
basis alone, irrespective of mode of ventilation. If this were the
case, however, this would strengthen our observation that no
conclusive positive association exists between HFO use and
SARS transmission. We did consider the effects of known poten-
tial common confounders such as age and diabetes mellitus on
the associations we report (7, 8). We were able to stratify risk
of endotracheal intubation according to physician or nursing
exposure. Among physicians, we did not find a clear trend toward
a greater or lesser risk based on the level of training. Addition-
ally, and again somewhat surprisingly, we did not detect a clear
trend toward an increased risk for performing multiple intub-
ations or among difficult intubations. This quite possibly relates
to the small sample size of our associations and may be further
clarified in an ongoing multicenter epidemiologic investigation.

Proximity and duration of contact to a patient with SARS
have previously been found to be associated with a higher risk
of viral transmission (9). We attempted to explore the effects
of duration of exposure by examining healthcare worker risk in
terms of both patient exposures and number of shifts exposed.
Among nurses caring for patients with SARS, we evaluated
dose–response exposure among nurses who cared for more than
one patient with SARS and also among those who worked more
than one shift with individual patients, without demonstrating
obvious important trends. Because respiratory therapists were
found to have exposures to nearly all patients and ventilation
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TABLE 3. ASSOCIATION OF VENTILATION STRATEGIES WITH THE DEVELOPMENT OF SEVERE
ACUTE RESPIRATORY SYNDROME AMONG HEALTHCARE WORKERS

Ventilation Mode n Developed SARS RR 95% Confidence Interval p Value

Patient treated with NIPPV
Yes 6 1 2.33 0.25 to 21.76 0.5
No* 28 2

Patient treated with HFO
Yes 38 2 0.74 0.11 to 4.92 0.6
No* 28 2

Definition of abbreviations: HFO � high-frequency oscillatory; NIPPV � noninvasive positive-pressure ventilation; RR � relative
risk; SARS � severe acute respiratory syndrome.

* Conventional ventilation is the reference, with an odds ratio of developing SARS � 1.

strategies in the ICU over any given shift, we were unable to
evaluate their risk in light of particular independent exposures.
During the period of investigation, there was extensive bi-daily
screening of all healthcare workers for symptoms and signs of
SARS. If there was any suspicion of healthcare worker illness,
they were assessed and placed under home quarantine observa-
tion, minimizing the chance that exposure and illness could have
resulted from staff-to-staff contacts as opposed to direct patient
care.

Certain high-risk components of SARS nursing care, such as
tracheal suctioning, may also be an important confounder in this
type of analysis. Tracheal suctioning was generally not per-
formed among patients with SARS ventilated with either NIPPV
or HFO. In-line, closed system endotracheal suctioning was used
for patients with SARS receiving endotracheal intubation. If
indeed endotracheal suction might increase the risk of respira-
tory droplet dispersion, this would likely act to dilute any esti-
mate of positive association discovered between NIPPV, HFO,
and nursing acquisition of SARS.

The ICU SARS Working Group of the Provincial Operations
Committee of Emergency Management Ontario (an agency of
the Solicitor General of Ontario) and others have developed
guidelines for procedures such as endotracheal intubation, car-
diopulmonary resuscitation, and mechanical ventilation in criti-
cal care areas during a SARS outbreak (10, 11). The guidelines
include specific recommendations on the use of personal protec-
tion devices specify that the most qualified individual available
should perform endotracheal intubation and that therapies such
as prolonged NIPPV and aerosolized bronchodilator or humidi-
fication therapies generally should not be initiated where safe
alternatives are available. It has been recommended by many
clinicians involved in the Asian SARS outbreak that noninvasive
ventilation may be preferred over early endotracheal intubation
and mechanical ventilation because of the risk to healthcare
workers involved with endotracheal intubation (12). Although
noninvasive ventilation might be considered for patients with
the expectation of very near-term improvement, much the same
as for patients with hypoxemic cardiogenic pulmonary edema or
hypercarbic respiratory failure because of a chronic obstructive
pulmonary disease exacerbation (13, 14), observational studies
of critically ill patients with SARS report that this form of acute
lung injury is unfortunately generally not rapidly reversible.

These preliminary observations and others within the greater
Toronto healthcare system have precipitated an ongoing epide-
miologic investigation into the specific nature of risk of transmis-
sion between patients with SARS and healthcare workers. This
investigation, with the assistance of infection control officers of
hospitals of the greater Toronto area, local departments of public
health, and the Centers for Diseases Control and Prevention, is
likely to offer a detailed understanding of the mode of transmis-

sion and best means of prevention. In the interim, we advise
caution in initiating procedures that may be associated with
increased dispersal of respiratory droplets in patients with SARS.
Our brief report highlights that there may be risks with many
forms of support and that decisions should likely be made on
an individual patient basis with due attention to the hazards for
both patients and healthcare workers.
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