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ABSTRACT

Objective: Numerous barriers to maintaining infection con-

trol practices through the use of personal protective equip-

ment (PPE) exist in the emergency department (ED). This

study examined the knowledge, self-reported behaviours,

and barriers to compliance with infection control practices

and the use of PPE in Canadian pediatric EDs.

Methods: A self-administered survey instrument consisting

of 21 questions was developed and piloted for this study. The

survey was mailed to all individuals listed in the Pediatric

Emergency Research Canada database of physicians practi-

cing pediatric emergency medicine in Canada.

Results: A total of 186 physicians were surveyed, and 123 (66%)

participated. Twenty-two percent of participants reported that

they had never received PPE training and 32% had not been

trained in the previous 2 years. Fifty-three percent reported

being very or somewhat comfortable with their knowledge of

transmission-based isolation practices. Participants were cor-

rect on a mean of 4.9 of 11 knowledge-based questions (SD

1.7). For scenarios assessing self-reported use of PPE, partici-

pants selected answers that reflected PPE use in accordance

with national infection control standards in a mean of 1.0 of 6

scenarios (SD 1.0). Participants reported that they would be

more likely to use PPE if patients were clearly identified prior to

physician assessment, equipment was accessible, and PPE use

was made a priority in their ED.

Conclusions: Knowledge and self-reported adherence to

recommended infection control practices among Canadian

pediatric emergency physicians is suboptimal. Early identi-

fication of patients requiring PPE, convenient access to PPE,

and improved education regarding isolation and PPE prac-

tices may improve adherence.

RÉSUMÉ

Objectif: Il existe de nombreux obstacles au maintien des

pratiques de contrôle des infections par l’utilisation

d’équipement de protection individuelle (EPI) dans les

services d’urgences. Cette étude a examiné les connais-

sances, les comportements autodéclarés et les obstacles à

l’observance des pratiques de lutte contre les infections et

l’utilisation de l’EPI dans les services d’urgences pédiatriques

au Canada.

Méthode: Un questionnaire autoadministré de 21 questions

a été élaboré et mis à l’essai pour cette étude. Le sondage a

été envoyé par courrier électronique à tous les médecins

exerçant la médecine d’urgence pédiatrique au Canada qui

sont répertoriés dans la base de données du Groupe de

Recherche en Urgence Pédiatrique du Canada.

Résultats: 186 médecins ont été interrogés et 123 (66 %) ont

participé à l’étude. Parmi tous les répondants, 22 % ont

déclaré n’avoir jamais reçu de formation sur l’EPI et 32 % ont

dit n’avoir pas reçu de formation au cours des 2 années

précédentes. Par ailleurs, 53 % ont déclaré être très ou assez à

l’aise avec leur degré de connaissance des pratiques d’isole-

ment axées sur la transmission. Les participants ont eu la

bonne réponse sur une moyenne de 4,9 des 11 questions

fondées sur la connaissance (écart-type 1,7). Aux scénarios

d’évaluation de l’utilisation autodéclarée de l’EPI, les partici-

pants ont choisi des réponses correspondant à l’utilisation

d’EPI conformément aux normes nationales de contrôle des

infections dans une moyenne de 1,0 sur 6 scénarios (écart type

1,0). Les participants se sont dits plus susceptibles de porter

un EPI si les patients étaient visiblement identifiés comme

potentiellement contagieux avant l’évaluation du médecin, si

l’équipement était accessible et si le port d’EPI devenait une

priorité dans leur service d’urgence.

Conclusion: La connaissance et l’observance autodéclarée

des pratiques recommandées de contrôle des infections chez

les médecins d’urgence pédiatrique au Canada sont sous-

optimales. L’identification précoce des patients nécessitant

le port de l’EPI, un accès facile à l’EPI et une meilleure

formation concernant l’isolement et les pratiques de port de

l’EPI pourraient améliorer l’observance.
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Infections are common presenting illnesses in pediatric
emergency departments (EDs). In 2009, the Children’s
Hospital of Eastern Ontario ED, with an annual census
of 58,022, diagnosed 16,854 children (29.0%) with
respiratory or gastrointestinal infections. Such patients
present an infectious risk to other patients, their
families, and health care workers. Although many such
infections are relatively benign and self-limited, the
occurrence of severe acute respiratory syndrome
(SARS) in 2003 and pH1N1 influenza in 2009
illustrate the potential for ED staff to encounter
dangerous infections, with serious public health con-
sequences.1,2 During the SARS outbreak, 42% of all
Canadian cases occurred in health care workers, with
the highest rates seen in those working in the EDs and
intensive care units.3

Emergency physicians play a critical role in the early
identification, treatment, and containment of poten-
tially lethal pathogens.1 Personal protective equipment
(PPE), consisting of gowns, gloves, respiratory and eye
protection, is designed to be worn by health care
workers to minimize transmission of infectious agents
in the workplace.4 Hand hygiene is recognized as the
best way to prevent cross-transmission of microorgan-
isms and reduce the incidence of health care–associated
infections.5–7 A recent systematic review found that in
addition to hand hygiene, wearing a mask and isolating
potentially infectious patients were effective in pre-
venting the spread of respiratory virus infections,
particularly in pediatric settings.8 Despite this, health
care worker compliance with hand hygiene, PPE, and
infection control practices remains variable and often
poor.5,6,9–16

Potential barriers to maintaining infection control
practices and using PPE in the ED include crowding,
understaffing, lack of isolation facilities, lack of health
care worker infection control education, high work-
load, high number of patient contacts, simultaneous
management of multiple patients, high illness acuity,
and significant time constraints.1,17 The ED is a high-
risk area for infection transmission because of high
patient turnover and the frequent lack of a patient
diagnosis at the time of presentation.18 The purpose of
this study was to examine the knowledge, self-reported
behaviours, and barriers to compliance with infection
control practices and the use of PPE in Canadian
pediatric EDs.

MATERIALS AND METHODS

Study Design

This cross-sectional study surveyed emergency physi-
cians working in Canadian pediatric EDs regarding
their knowledge of infection control guidelines, use of
PPE in hypothetical clinical scenarios, and perceived
barriers to PPE use. The study was approved by the
Research Ethics Board of the Children’s Hospital of
Eastern Ontario.

Study Setting and Population

All individuals listed on the Pediatric Emergency
Research Canada (PERC) database of physicians
practicing pediatric emergency medicine in Canada
were surveyed. PERC is a collaborative Canada-wide
emergency research group.19 The PERC database
includes approximately 70% of all academic and
nonacademic physicians working in 14 Canadian
pediatric EDs who consented to have their contact
information included. The annual census for partici-
pating EDs ranges from 17,000 to 65,000.

Survey Instrument

A survey instrument was developed in accordance with
the methods advocated by both Nunnally and
Bernstein and Streiner and Norman (Appendix).20,21

The survey (available at ,http://www.cjem-online.
ca.) consisted of 21 questions covering demographics
and knowledge and behaviour regarding the use of
PPE. The instrument was pilot tested for readability,
face validity, and ease of use on a convenience sample
of emergency physicians and pediatricians and was
refined based on the feedback received. In addition to
four demographic questions, the survey included nine
single-selection closed-ended questions on whether
infection control manuals were available and how often
they were used, participants’ experience with SARS,
and when participants were last fitted for an N95
respirator and received PPE training. Using a Likert
scale, participants were asked how comfortable they
were with their knowledge of transmission-based
isolation practices and how many times they wore
PPE during the winter (traditional pediatrics respira-
tory ‘‘viral season’’) of 2006–2007. Three questions
captured information regarding the extent to which a
variety of factors influenced the choice to follow or not
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follow PPE guidelines or would be deemed to help
participants follow PPE guidelines in the future. One
question presented six clinical scenarios illustrating
typical infectious diseases and asked participants to
select which PPE, if any, they would typically use in
such scenarios. Finally, participants’ knowledge of
transmission-based isolation practices was evaluated
by questions relating to the appropriate infection
control precautions that would apply to 11 infections
commonly seen in pediatric EDs. The definitions for
each type of infection control precaution (such as
contact, droplet, and airborne precautions) were
provided.22

Study Protocol

A presurvey announcement was made to survey
recipients via e-mail. Recipients were subsequently
mailed the survey instrument in June 2007. A
modified Dillman method was used for contact and
follow-up procedures.23 Nonresponders received sec-
ond and third direct mailings. Participants and sites
were identified only by a study number. Investigators
were blinded to study number assignment to ensure
participant confidentiality.

Measurements/Key Outcome Measures

Outcomes included participant knowledge of transmission-
based infection control guidelines, reported use of
PPE for clinical infectious disease scenarios, and
factors that influenced choice to follow or not follow
PPE guidelines. To further explore reported use of
PPE, participants were also asked to estimate how
often they wore different types of PPE (mask, gloves,
gown, eye protection) while assessing febrile respira-
tory patients during the previous viral season. Factors
that would improve future compliance with PPE
guidelines and correlations between knowledge and
perceived comfort with PPE, age, recent PPE train-
ing, experience with SARS, or site were also examined.

Sample Size

Because all individuals in the population of interest
were invited to participate, this survey is best considered
to be a census. As such, our sample size was determined
by the finite number of emergency physicians registered
in the PERC database who participated.

Data Entry and Analysis

Data entry and analysis were performed using SPSS
16.0.0 (SPSS Inc, Chicago, IL). Twenty percent of the
sample was randomly chosen for double entry and
verification. Descriptive statistics were used to char-
acterize variables such as length of time since gradua-
tion from medical school and years of practice in the
ED. Response rates were calculated, overall and by
site. Frequencies of responses to survey items that
solicited information regarding physician training,
knowledge, and use of PPE were tallied. Correlations
were measured using the Kendall rank correlation
coefficient. The Wilcoxon rank sum test was used for
two-group comparisons of ordinal scores; the Kruskal-
Wallis test was used for comparisons involving more
than two groups of ordinal scores. Two-sided tests
were used throughout, and p values less than 0.05 were
considered statistically significant. No adjustment for
multiple comparisons was performed.

RESULTS

Respondents

At the 14 children’s hospitals surveyed, 186 eligible
participants were identified and 123 returned completed
surveys, for an overall response rate of 66.1%. Table 1
summarizes participants’ demographic information.

Training and Resources

Twenty-two percent of participants reported that they
had never received PPE training and/or been fitted for
a N95 respirator and 32% had not been trained and/or
fit-tested in the previous 2 years. Of the 82 (66.7%)
participants who reported access to an infection

Table 1. Demographic information

Age in years, median (range) 40 (30–67)

Male, n (%) 58 (47.2)

Years in practice, median (range) 9 (0–32)

Training, n (%)

Pediatrics 50 (40.7)

Pediatrics + PEM fellowship 49 (39.8)

Other 24 (19.5)

Experience working with potential/actual

SARS patients, n (%)

78 (64.5)

PEM 5 pediatric emergency medicine; SARS 5 severe acute respiratory syndrome.
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control manual, 14 (17.1%) reported that they used it
more than once per year and 36 (43.9%) reported that
they had never used it.

Knowledge

Table 2 provides information on participants’ self-
reported behaviour and knowledge of isolation pre-
cautions. Participants were correct on a mean of 4.9 of
11 knowledge-based questions (SD 1.7). Sixty-five
participants (52.9%) indicated that they were very or
somewhat comfortable with their knowledge of these
guidelines, whereas 32 (26.0%) indicated that they
were very or somewhat uncomfortable. The remaining
26 respondents (21.1%) indicated that they were
neutral regarding their knowledge. No significant
correlation was found between knowledge score and

comfort with knowledge of infection control guidelines
(Kendall rank correlation 0.07; p 5 0.33), age (Kendall
rank correlation 0.06; p 5 0.40), more recent PPE
training (Kendall rank correlation 0.06; p 5 0.42),
experience with SARS (Wilcoxon rank sum test, p 5

0.33), or site (Kruskal-Wallis test, p 5 0.31).

Self-Reported PPE Use

Using 6 clinical infectious disease scenarios to assess
respondents’ use of PPE in their daily practice,
participants reported PPE use in accordance with
national standards in a mean of 1.0 of 6 scenarios (SD
1.0). Scenario 2 described a febrile respiratory patient,
and whereas 95% of participants indicated that they
would use hand hygiene before assessing the patient,
only 9.8% would use gloves, 11.4% would use a regular

Table 2. Self-reported behaviour and knowledge of isolation precautions

Self-reported behaviour

Scenario National standard22

Reported to follow national standard

n/N respondents (%)

Assessing an 8-month-old with fever,

vomiting, and diarrhea

Hand hygiene, regular gloves, clean

gown

6/123 (4.9)

Assessing a 4-year-old asthmatic with URTI,

increasing respiratory distress, and fever

Hand hygiene, regular gloves, surgical

mask, clean gown, eye protection

0/123 (0.0)

Performing a lumbar puncture on a febrile

2-week-old

Hand hygiene, sterile gloves, surgical

mask, sterile gown

10/122 (8.1)

Assessing a 10-year-old involved in a motor

vehicle collision

Hand hygiene, regular gloves, surgical

mask, clean gown, eye protection

21/122 (17.1)

Performing a urine dipstick test Hand hygiene, regular gloves 67/123 (54.5)

Intubating a 16-year-old with a toxic

ingestion

Hand hygiene, regular gloves, surgical

mask, eye protection

20/121 (16.3)

Knowledge of isolation precautions

Scenario Correct isolation precautions22

Chose correct isolation precaution

n/N respondents (%)

Suspected pulmonary tuberculosis Airborne 50/122 (40.7)

Febrile neutropenia Hand hygiene 7/122 (5.7)

Suspected meningococcal meningitis Droplet 6 contact 63/122 (51.2)

Chickenpox Contact + airborne 4/122 (3.3)

Respiratory syncytial virus bronchiolitis Contact + droplet 15/122 (12.2)

Rotavirus Contact 91/122 (74)

Methicillin-resistant Staphylococcus

aureus colonized or infected

Contact 6 mask 85/122 (69.1)

Mild cellulitis in healthy patient Hand hygiene 90/122 (73.2)

Clostridium difficile Contact 101/122 (82.1)

Suspected influenza Contact + droplet 12/122 (9.8)

Norwalk virus Contact 87/122 (70.7)

URTI 5 upper respiratory tract infection.

Definitions were provided: contact 5 hand hygiene, gloves, and gowns; droplet 5 hand hygiene, gloves, gown, mask, and eye protection; airborne 5 hand hygiene, gloves, gown, N95 respirator,

and negative pressure room; reverse isolation 5 patient in a closed room for his/her protection; hand hygiene 5 using soap/water or antiseptic hand wash before and after patient contact.22
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mask, 3.3% would use a clean gown, and 3.3% would
use eye protection. When asked specifically about their
use of PPE while assessing febrile respiratory patients
during the 2006–2007 winter season, 13 (10.5%)
participants reported always or usually wearing a mask,
9 (7.4%) reported always or usually wearing gloves, 5
(4.1%) reported always or usually wearing a gown, and
15 (12.3%) reported always or usually wearing eye
protection. A small but statistically significant negative
correlation between self-reported behaviour for the
clinical scenarios and knowledge score was found
(Kendall rank correlation 20.15; p 5 0.05). No
significant correlations were found between self-
reported behaviour and age (Kendall rank correlation
0.05; p 5 0.48), recent PPE training (Kendall rank
correlation 20.06; p 5 0.46), experience with SARS
(Wilcoxon rank sum test, p 5 0.51), perceived comfort
with knowledge (Kendall rank correlation 0.03; p 5

0.74), or site (Kruskal-Wallis test, p 5 0.15).

Factors Influencing PPE Use

Table 3 summarizes information on the influence of
various factors on the use of PPE. The factors reported to
have the strongest influence on the decision to wear PPE
were PPE being available and convenient and the desire to
protect oneself, one’s family, and one’s patients. A number
of factors were identified as influencing the decision not to
use PPE despite the existence of guidelines recommend-
ing their use, the most frequently cited being the fact that
the patient was not identified as possibly having a
communicable disease prior to physician assessment.
Participants also identified a number of factors that they
believed would aid them in using PPE in accordance with
guidelines in the future, the most significant of which
were knowledge that the physician had transmitted an
infection to a patient in the past or illness acquired by the
physician (or a family member) that could be attributed to
the physician not using PPE.

Table 3. Influence of factors on the use of PPE

Factor influencing use of PPE

Identified as moderate/

significant influence

n/N respondents (%)

Patient identified before I enter

room

104/120 (86.7)

Information on what to wear is

easily accessible

97/121 (80.2)

Equipment is available in ED 113/121 (93.4)

Equipment is convenient 112/121 (92.6)

Hand hygiene is convenient 107/122 (87.7)

PPE is a priority in my ED 99/120 (82.5)

My colleagues follow the

guidelines

79/119 (66.4)

I receive regular PPE training 72//117 (61.5)

I want to protect myself and my

family

118/122 (96.7)

I want to protect my patients 119/122 (97.5)

I had input into creation of

guidelines

29/115 (24.9)

Factor influencing not using PPE

Identified as moderate/

significant influence

n/N respondents (%)

Patient not identified before I

enter room

93/118 (87.3)

I am not sure what to wear 71/119 (59.7)

Equipment is not available in ED 74/117 (63.2)

Equipment is not convenient 77/119 (64.8)

Hand hygiene is not convenient 58/118 (49.1)

PPE takes too long 77/120 (62.5)

PPE is not feasible given volume

of patients

78/120 (65.0)

PPE interferes with patient care 62/119 (52.1)

PPE frightens children 68/120 (56.6)

My colleagues do not use PPE 60/120 (50.0)

PPE is not a priority in my ED 66/118 (55.9)

Guidelines are unreasonable/

impractical

73/119 (61.3)

Guidelines are out of date 51/116 (44.0)

Factor that would help me use

PPE more

Identified as moderate/

significant influence

n/N respondents (%)

Patient identified before I enter

room

109/120 (90.8)

Information of what to wear is

easily accessible

108/120 (90.0)

Equipment is available in ED 111/120 (92.5)

Equipment is convenient 108/120 (90.0)

Hand hygiene is convenient 104/120 (86.7)

PPE is a priority in my ED 110/120 (91.6)

My colleagues follow guidelines 98/120 (78.3)

I receive regular PPE training 97/120 (80.8)

I or my family became sick 108/120 (90.0)

Table 3. Continued

Factor that would help me use

PPE more

Identified as moderate/

significant influence

n/N respondents (%)

I contaminated one of my patients 112/120 (93.3)

I had input into creation of

guidelines

74/120 (61.7)

ED 5 emergency department; PPE 5 personal protective equipment.

Participants could select more than one response.
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Self-Reported Infection Rates

Ninety-one percent of respondents reported having
three or fewer episodes of acute gastroenteritis or
respiratory tract infection in the previous 12 months,
and 81% reported not missing any days of work in the
previous 12 months owing to illness.

DISCUSSION

To our knowledge, this study provides the first
examination of knowledge, self-reported behaviour,
and perceived barriers to compliance with infection
control practices and the use of PPE in Canadian
pediatric EDs. Our results indicate that a significant lack
of knowledge exists regarding infection control guide-
lines and PPE use among Canadian pediatric emergency
physicians. The validity of our findings is supported by
our 66.1% response rate and the inclusive nature of the
study sample. Our findings are consistent with other
studies that have found variable and often poor infection
control knowledge among health care workers in
general.13–16,24 We found no significant correlation
between perceived comfort with knowledge and actual
knowledge of transmission-based infection control
practices. This suggests that a gap exists between self-
assessment and actual knowledge of infection control
precautions. This gap that may lead clinicians to exclude
infection control in their continuing medical education
activities, thus perpetuating their lack of knowledge and
putting themselves and their patients at risk.

Knowledge of isolation precautions was greatest in
scenarios involving gastrointestinal infection but very low
among other common pediatric infections, such as
respiratory syncytial virus bronchiolitis and varicella.
Although only a small number of participants were correct
in identifying hand hygiene as the sole appropriate
infection control precaution required for patients with
febrile neutropenia, the overwhelming majority of respon-
dents incorrectly indicated that reverse isolation was also
required, indicating that infection control precautions for
such patients would be unnecessarily excessive. A small
negative correlation was identified between self-reported
PPE use and knowledge score. It is not clear how poorer
knowledge of infection control and PPE guidelines might
be associated with improved self-reported compliance
with PPE guidelines. This has not been found in previous
studies and may well be a spurious association given the
numerous uncorrected comparisons we performed.

Overall, participants displayed poor compliance
with infection control guidelines in their self-reported
use of PPE in common patient scenarios. Despite
contact precautions having the highest scores correct
for knowledge, pediatric emergency physicians still
rarely reported using these precautions when caring
for ED patients with gastroenteritis. Given the burden
of this disease in the pediatric population and the ease
with which nosocomial infection can be transmitted,
this is a worrisome finding. Compliance was reported
to be highest when assessing trauma patients. This
may be due to a perceived higher risk of exposure to
blood, body fluids, and bloodborne pathogens.
Although hand hygiene and PPE are well documented
to be effective in preventing transmission of respira-
tory infections in the pediatric population,8 in our
study, self-reported PPE use was poor for febrile
respiratory patients. This finding may reflect the high
volume of patients seen in the pediatric ED during
‘‘viral season,’’ the need for multiple and ongoing
assessments, and/or the fact that PPE is deemed to be
inconvenient and time-consuming.

Our results indicate that many factors may moder-
ately or considerably influence behaviour around the use
of PPE. Although the decision by a physician to use or
not to use PPE when seeing a given patient is
undoubtedly multifactorial, a number of changes could
be instituted by individual EDs in an attempt to increase
adherence to PPE guidelines, including identifying
patients with complaints that require PPE use prior to
the physician entering the room, identifying the type of
PPE advised, and making PPE available and convenient.
Making PPE a priority in the ED was identified by
participants as a significant factor influencing PPE use.
This echoes the organizational and cultural changes that
have been found to be effective in improving hand
hygiene.5,25–27 A recent Cochrane review provides support
for the use of local opinion leaders in the successful
promotion of evidence-based practice.28 Despite the fact
that we did not find recent PPE training to be correlated
with knowledge, respondents felt that receiving ongoing
education around PPE and infection control would help
them use PPE more. The modest positive effect of
educational interventions for improving hand hygiene and
PPE adherence has been shown in previous studies.5,24,26,29–31

The primary limitation of this study is its reliance on
self-reporting. It is almost certain that direct observa-
tional assessment of PPE use at individual sites would
have provided more accurate information regarding the
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use of PPE by pediatric emergency physicians. To this
end, we plan to examine actual PPE use and adherence
in a future observational study. Because it is likely that
self-reported behaviour would be better than actual
behaviour, it is probable that our results overestimate
the current use of PPE in Canadian pediatric EDs.

This study was performed prior to the onset of
pH1N1 influenza. In the future, it would be interesting
to assess knowledge, self-reported behaviour, and
perceived barriers to adherence to PPE guidelines in
a postpandemic environment. Given the heightened
awareness during such events, it is likely that PPE
education and N95 fit-testing levels would be higher,
perhaps translating into improved general knowledge
of infection control guidelines. Future research exam-
ining PPE knowledge and behaviour in pediatric
emergency nurses would aid in understanding the
entire picture of safety and adherence to PPE guide-
lines in Canadian pediatric EDs.

CONCLUSION

Canadian pediatric emergency physicians have sub-
optimal knowledge regarding infection control and use
of PPE and are relatively unaware of their knowledge
gap. Self-reported use of PPE is not in accordance with
infection control guidelines, and such lapses put
physicians and their patients at risk. Individual
pediatric EDs may be able to improve compliance
with guidelines with improved and regular education
programs, convenient and accessible PPE, an emphasis
on hand hygiene, and the development of a pro-PPE
culture. With such changes, Canadian pediatric
EDs may be better prepared to deal with novel and
high-risk infectious diseases, providing a safe environ-
ment for health care workers and patients alike.
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