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Abstract
Background: The risk of infection following a
visit to the emergency department is un known. We explored this risk among elderly
residents of long-term care facilities.
Methods: We compared the rates of new respiratory and gastrointestinal infections among
elderly residents aged 65 years and older of 22
long-term care facilities. We used standardized
surveillance definitions. For each resident who
visited the emergency department during the
study period, we randomly selected two residents who did not visit the emergency department and matched them by facility unit, age
and sex. We calculated the rates and proportions of new infections, and we used conditional logistic regression to adjust for potential
confounding variables.
Results: In total, we included 1269 residents of
long-term care facilities, including 424 who
visited the emergency department during the
study. The baseline characteristics of residents
who did or did not visit the emergency department were similar, except for underlying
health status (visited the emergency depart-

I

nfections associated with health care are an
important health risk. A recent survey by
the World Health Organization reported
that 8.7% of patients in hospital developed such
infections.1,2 The third leading cause of death in
the United States is health care–associated
deaths, with over 100 000 people dying from
infections associated with health care each
year. 3 In Canada, a point-prevalence survey
found that 11.6% of adults in hospital experience a health care–associated infection.4
Little attention has been paid to infections
acquired in other health care settings. Visiting an
emergency department has been identified as a
risk for disease during outbreaks of measles5,6
and SARS,7,8 but little is known about the potential risk of endemic infection from exposure in
this setting. A visit to the emergency department
differs from a stay in hospital: exposure and duration of contact with other patients is shorter, but
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ment: mean Charlson Comorbidity Index 6.1,
standard deviation [SD] 2.5; did not visit the
emergency department: mean Charlson
Comorbidity index 5.5, SD 2.7; p < 0.001) and
the proportion who had visitors (visited the
emergency department: 46.9%; did not visit
the emergency department: 39.2%; p = 0.01).
Overall, 21 (5.0%) residents who visited the
emergency department and 17 (2.0%) who did
not visit the emergency department acquired
new infections. The incidence of new infections was 8.3/1000 patient-days among those
who visited the emergency department and
3.4/1000 patient-days among those who did
not visit the emergency department. The
adjusted odds ratio for the risk of infection
following a visit to the emergency department
was 3.9 (95% confidence interval 1.4–10.8).
Interpretation: A visit to the emergency
department was associated with more than a
threefold increased risk of acute infection
among elderly people. Additional precautions
should be considered for residents following a
visit to the emergency department.

the number and density of patients with acute illness with whom there could be contact is higher.
Elderly residents of long-term care facilities
are likely to be at the greatest risk of morbidity
and mortality from communicable diseases
acquired in the emergency department. When
residents are transferred to the emergency department for assessment, they are likely to have
longer stays and to be cared for in multibed
observation areas and corridors.9 If they acquire
an infection while in the emergency department,
these residents may be the source of an outbreak
upon return to their facility; this can lead to
increases in workload and costs. A Canadian
study estimated the cost of an influenza outbreak
to be over $6000 per 30-day period, with an estimated incidence of death of 0.75/100 residents
during the same period. 10 In this study, we
explored the risk of acute respiratory and gastrointestinal infection associated with a visit to
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the emergency department among elderly residents of long-term care facilities.

Methods
Study setting and design
We included 22 residential long-term care facilities (3060 beds) for elderly people who require
one to five hours of nursing care per day. These
facilities had previously participated in infection
control research, had the ability to provide census lists of residents and emergency department
transfers, and were able to provide documentation of outbreaks. These facilities were located in
the Greater Toronto Area, Ontario, Montréal,
Quebec, and Rivière-du-Loup, Quebec. We
enrolled residents aged 65 years and older who
lived in the participating facilities between September 2006 and May 2008. We concentrated on
nonsummer months (September–May) to maximize the likelihood of exposure to respiratory
and gastrointestinal infections in the emergency
department.
Exposure and outcomes
We included residents who visited an emergency
department for reasons other than acute respiratory or gastrointestinal tract symptoms that did
not result in admission to hospital (exposed). If a
resident visited the emergency department more
than once during a 10-day period, we included
only the last visit.
Using census lists from each facility, we randomly selected two residents who did not visit
the emergency department in the previous two
weeks (unexposed). We selected the unexposed
residents at the time of the exposed resident’s
return from the emergency department. We
matched residents for the area or unit in the
long-term care facility, age (within five years),
sex and date of exposure. This ensured that all
residents had the same likelihood of exposure
to circulating viruses within the facility (e.g.,
sick health care worker or outbreak) and that all
had the same likelihood of having a new infection detected (e.g., same type and intensity of
charting).
To minimize uncertainty about the diagnosis
of acute infection, we excluded immunocompromised residents (after organ transplant, receiving
chemotherapy and dialysis or taking immunosuppressive medication) and those with a chronic
fever.
Our primary outcome was the development of
symptoms consistent with a new acute respiratory
or gastrointestinal tract infection two to seven
days after return from an emergency department.
We used standardized surveillance definitions for

respiratory and gastrointestinal infections in longterm care facilities (Box 1); these definitions have
previously been validated and published.11,12
Trained staff performed blinded assessment
of the outcomes by reviewing photocopies of
charts, including notes, written orders and the
results of ordered tests. Staff also confirmed eligibility and obtained demographic and medical
information (e.g., age, underlying illnesses,
Charlson Comorbidity Index score, allergies,
smoking status and vaccination history).
During the study period, infection control
practitioners in each facility kept copies of outbreak records for the study. We used these data to
determine if an outbreak was ongoing at the time
the resident visited the emergency department.
We defined an outbreak as the presence of two or
more cases of influenza-like illness or gastroenteritis linked epidemiologically within a 10-day
period.13,14
Our study was approved by the research
ethics board at McGill University and the administration, medical advisory council and residents’
council or equivalent body in each long-term
care facility.
Statistical analysis
Based on US surveillance data from long-term
care facilities where the annual mean rate for
respiratory and gastrointestinal infections is 1.95
infections/1000 resident-days,15 we expected that
1.5% of residents who did not visit the emergency department would acquire a new infection
during any six-day period during the winter
months. We chose a sample size of 405 residents
who visited and 810 residents who did not visit
the emergency department to provide 80%
power (two-sided α = 0.05) to detect an absolute
difference in the risk of infection of 3%.
We compared the baseline characteristics of
the residents using Student t test for continuous
variables and χ 2 and Fisher exact tests for
dichotomous variables. We calculated the incidence of new infections as a proportion, and we
calculated the crude relative risk (RR) associated
with a visit to the emergency department. We
used multivariable analyses to adjust for confounding variables and to identify effect modifiers. The variables of interest were smoking,
contact with other health care settings, other
potential infectious contacts, Charlson Comorbidity Index score,16 the Katz Index of Independence in Activities of Daily Living17 and influenza
vaccination status.
We also analyzed data from the matched
cohort using a backward, stepwise conditional
logistic regression model. We kept variables in
the final model if their coefficient was statisti-
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cally significant, if they confounded variables
already in the model or if they significantly
improved the model fit. The following variables
were forced in the model to adjust for baseline
imbalances between the exposed and unexposed
groups: the presence of visitors, asthma and cardiac disease. The most parsimonious model was
kept based on the Akaike information criterion.
We considered all p values to be significant at
0.05, and they were two-sided.

Results
During the study period, 424 residents visited the
emergency department for reasons other than
possible gastrointestinal or respiratory infection
and were not admitted to hospital. We matched
these residents to 845 residents without visits to
the emergency department. The baseline characteristics of both groups were similar (Table 1),
except that, compared to those who did not visit
the emergency department, more residents who
visited the emergency department dined in their
own room (8.3% v. 3.1%; p < 0.001) and had
visitors during the study period (46.9% v. 39.2%;
p = 0.01). Those who visited the emergency
department had higher average scores on the

Charlson Comorbidity Index than those who did
not visit the emergency department (6.1 v. 5.5; p
< 0.001). The residents’ underlying medical conditions are summarized in Table 1.
Residents who did not visit the emergency
department were more likely than those who visited the emergency department to be more independent (Katz Index categories A and B; Table
1). There were no other differences on the Katz
Index between groups. During the study period,
the facilities declared 12 outbreaks of respiratory
illness (influenza = 2, respiratory syncytial virus
= 2, other respiratory viruses = 8) and 9 outbreaks of acute gastroenteritis (caliciviruses = 1,
no virus identified = 8).
The reasons for residents’ visits to the emergency department and the proportion of subsequently infected residents are summarized in
Table 2. Impaired mobility (including falls and
fractures), neurologic and noninfectious gastrointestinal problems, and skin, soft tissue and cardiovascular complaints accounted for over 70% of
visits. Overall, 10% of residents with a cardiovascular complaint and 11% of those with a urinary
tract infection developed an infection following
their visit to the emergency department.

Box 1: Definitions of upper and lower respiratory tract infections and acute gastroenteritis
Upper respiratory tract infection
New onset of at least two of the following:
•

runny nose or sneezing

•

nasal congestion

•

sore throat

•

hoarseness or difficulty swallowing

•

dry cough

•

cervical adenopathy

Lower respiratory tract infection
New onset of at least three of the following:
•

new or increased cough of acute onset

•

new or increased sputum production

•

fever (temperature > 38°C)

•

pleuritic chest pain

•

new or increased findings on chest examination

AND one of the following:
•

new or increased shortness of breath

•

respiratory rate > 25/min

•

worsening mental or functional status

Acute gastroenteritis
Noninfectious causes ruled out, AND one of the following:
•

at least two loose or watery stools above what is normal for the resident in a 24-hour period

•

at least two episodes of vomiting in a 24-hour period

OR BOTH of the following:
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•

a stool culture positive for a pathogen or a toxin assay positive for Clostridium difficile

•

at least one sign or symptom compatible with a gastrointestinal tract infection (nausea, vomiting,
abdominal pain or tenderness, or diarrhea)
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Table 1: Baseline characteristics of patients who did and did not visit the emergency department
during the study period
No. (%) of patients*

Characteristics

No visit to the
emergency department
n = 845

Visited the emergency
department
n = 424

Age, yr, mean (SD)

p value

85.8 (6.0)

85.2 (10.7)

Age range, yr

69.6–104.9

65.5–105.2

Male

268

(31.7)

147

(34.7)

Dining room on unit

681

(81.5)

322

(79.3)

0.06

26

(3.1)

34

(8.3)

< 0.001

Had roommate(s)

384

(45.4)

188

(44.3)

0.7

No. of roommates, mean (SD)

1.10 (2.1)

Dined in room

†
†

1.1 (2.3)

Ill roommate

61

(7.2)

27

(6.4)

0.6

Roommate with a respiratory infection

26

(3.0)

14

(3.3)

0.8

Smoker

34

(4.0)

22

(5.2)

0.3

Influenza vaccine received‡

576

(68.2)

280

(66.0)

0.4

Pneumococcal vaccine received§

507

(60.0)

254

(59.9)

0.97

Had visitors

331

(39.2)

199

(46.9)

0.01

A: independent

40

(4.9)

9

(2.2)

0.02

B: independent in all but one
function

68

(8.3)

20

(4.8)

0.02

C: Katz B + dependent in bathing

56

(6.8)

34

(8.1)

0.4

Katz Index

D: Katz C + dependent in dressing

44

(5.3)

31

(7.4)

0.2

E: Katz D + dependent in going
to toilet

106

(12.9)

72

(17.2)

0.04

F: Katz E + dependent in
transferring

229

(27.8)

95

(22.7)

0.05

G: dependent

280

(34.0)

156

(37.2)

0.3

1

(0.1)

2

(0.5)

0.3

O: dependent in two or more
functions but not classifiable as C,
D, E or F
Charlson Comorbidity Index score,
mean (SD)

5.5 (2.7)

6.1 (2.5)

Underlying medical condition

n = 704

n = 360

Neurologic disorders (overall)

< 0.001

556

(79.0)

265

(73.6)

0.05

Parkinson

49

(7.0)

18

(5.0)

0.2

Seizures

34

(4.8)

18

(5.0)

0.9

Previous cerebrovascular accident

97

(13.8)

61

(17.0)

0.2

224

(31.8)

140

(39.0)

0.02

55

(7.8)

27

(7.5)

0.9

Coronary artery disease

116

(16.5)

76

(21.1)

0.06

Congestive heart failure

80

(11.4)

65

(18.1)

0.003

Pulmonary disease (overall)

95

(13.5)

58

(16.1)

0.3

Asthma

25

(3.6)

23

(6.4)

0.04

Chronic obstructive pulmonary
disease

74

(10.5)

43

(11.9)

0.5

158

(22.4)

100

(27.8)

0.06

Cardiovascular disease (overall)
Previous myocardial infarction

Diabetes

Note: SD = standard deviation
*Unless stated otherwise.
†Matching variables.
‡Residents who had a record of influenza vaccination for the current season.
§Residents who had a record of prior pneumococcal vaccination.
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In our univariable unmatched analysis (Table
3), there was a 2.5-fold increase in the risk of
infection associated with a visit to the emergency
department (RR 2.5, 95% confidence interval
[CI] 1.3–4.6). This translates to an absolute risk
difference of 3.0%. This increase in risk was
similar for gastroenteritis and respiratory tract
infections. The incidence of infection was
8.3/1000 resident-days among those who visited
the emergency department and 3.4/1000 resident-days among those with no visit (p = 0.007).
During any six-day period during the study
period, 1.4% of residents had an acute respiratory infection, equivalent to a rate of 6.6 infections/100 resident-months.
In the univariable matched analysis (Figure 1), a visit to the emergency department was
associated with a 2.6-fold increase in the risk of
infection (odds ratio [OR] 2.63; 95% CI 1.35–
5.13). After stratification for the presence of an
outbreak, a visit to the emergency department
was associated with increased risk of infection
only in the absence of an outbreak in the facility
at that time (OR 3.9 [95% CI 1.7–8.6] v. OR 0.5
[95% CI 0.1–2.8] if an outbreak was present). In
the multivariable conditional logistic regression
models (Figure 1), the adjusted OR for infection
associated with a visit to the emergency department was 3.86 (95% CI 1.38–10.77).

Interpretation
In our study, a visit to the emergency department
between September and May was associated
with increased risk of a new respiratory or gastrointestinal infection in the week following the
visit, but only in the absence of an outbreak at
the resident’s facility. In the presence of an ongoing outbreak, residents who visited the emerTable 2: Reasons for visits to the emergency department and the proportion
of residents who subsequently developed an infection

Reason for visit

No. of
residents

Developed an infection,*
no. (%) of residents

Mobility impairment

75

5

(6.7)

Neurologic issue

51

1

(2.0)

Gastrointestinal issue (noninfectious)

46

2

(4.4)

Skin and soft tissue

30

1

(3.3)

Cardiovascular

29

3

(10.3)

Urinary tract infection

18

2

(11.1)

Renal

5

0

(0)

Psychiatric

2

0

(0)

Other

70

2

(2.9)

Data missing

98

5

(5.1)

*The proportion of patients who developed an infection did not differ significantly according
2
to the reason for the emergency department visit (p = 0.65 by the χ test)
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gency department did not have an increased risk
of infection.
Residents who visited the emergency department had higher scores on the Charlson Comorbidity Index (because of asthma and cardiac disease) and, compared to those who did not visit
the emergency department, they were more
likely to dine in their own room and have visitors. Because in-room dining should decrease the
risk of acquiring infection because of reduced
exposure to other residents and staff, this difference would be expected to reduce the strength of
the association. The increased number of visitors, however, might be expected to increase the
risk of acquiring an infection, thereby inflating
the risk associated with a visit to the emergency
department. Therefore, we adjusted our final
result for the presence of visitors despite the fact
that this variable did not appear to be independently associated with a risk of infection. We
also adjusted for asthma and cardiac disease,
because there was an imbalance in the baseline
characteristics between groups. However,
although it is not unexpected that residents with
more comorbid conditions would be more likely
to visit the emergency department than patients
with less comorbid conditions, we would not
expect that those with more severe or complicated illness would be at different risk of acute
respiratory or gastrointestinal illness.
Other studies of the risk of respiratory or gastrointestinal infections in ambulatory care involve
pediatric populations. Two studies reported an
increased risk of measles4,5 in children exposed in
emergency departments during community outbreaks. However, measles is transmitted by the
airborne route and differs from respiratory and
gastrointestinal infections (droplet and contact
transmission). One study in a pediatric population
reported a nonstatistically significant decrease in
the risk of acute respiratory or gastrointestinal illness after a visit to the emergency department
(15.3% among those who visited the emergency
department v. 23.4% among those with no visit).18
Visits to pediatric offices were not associated
with an increased risk of acute respiratory or gastrointestinal illness.19 The absence of a detectable
increase in risk in pediatric offices (30% among
those who visited a pediatric office v. 32%
among those with no visit) may be explained by
the preponderance of well visits or by shorter
wait times compared with emergency department
settings. The absence of increased risk among
children who visit pediatric emergency departments may be because of different practices in
pediatric emergency departments, shorter lengths
of stay, or greater exposure of children in community settings.

Research
In contrast, residents of long-term care facilities often have multiple chronic diseases and
functional impairments that predispose them to
infection. Shared sources of air, food, water and
medical care facilitate both the introduction and
transmission of infectious agents among residents. Prolonged length of stay, limited capacities for diagnosis and variable infection control
programs may allow outbreaks to propagate and

persist for many months, underlining the importance of identifying potential sources of infectious agents.20 In our study, the overall rate of
respiratory infections was 2.4/1000 residentdays, which is higher than the rates reported for
influenza-like illness in a community sample of
adults aged 65 years and older during an
influenza pandemic in the United States (1.1
infections/1000 person-days).21

Table 3: Univariable, unmatched analysis* of the risk of infection associated with a visit to the
emergency department
No. (%) of residents†
No visit to the
emergency department
n = 845

Visited the emergency
department
n = 424

Relative risk
(95%CI)

p value

17 (2.0)

21 (5.0)

2.5 (1.3–4.6)

0.004

3.4

8.3

Respiratory tract infection

8 (1.0)

10 (2.4)

2.5 (1.0–6.3)

0.04

Gastroenteritis

9 (1.1)

11 (2.6)

2.4 (1.0–5.8)

0.04

Outcome
Any infection
Any infection per 1000
patient-days

0.007

Note: CI = confidence interval.
*Determined by logistic regression.
†Unless otherwise indicated.

Variable
Visited the emergency department (univariable)

Decreased risk

OR (95% CI)

Increased risk

2.63 (1.35–5.13)

Visited the emergency department (multivariable) 3.86 (1.38–10.77)
Male

0.23 (0.08–0.72)

Ill roommate

0.35 (0.07–1.90)

Had a roommate

2.60 (0.72–9.12)

Influenza vaccine received

1.25 (0.40–3.89)

Pneumococcal vaccine received

1.66 (0.66–4.22)

Had visitors (univariable)

1.13 (0.34–3.81)

Had visitors (multivariable)

0.94 (0.20–4.36)

Charlson Comorbidity Index

0.91 (0.74–1.12)

Cardiac disease (univariable)

3.12 (0.98–9.95)

Cardiac disease (multivariable)

3.27 (0.86–12.43)

Asthma (univariable)

2.00 (0.28–14.20)

Asthma (multivariable)

1.36 (0.13–14.44)

Outbreak*ED (univariable)

0.84 (0.20–3.49)

Outbreak*ED (multivariable)

0.25 (0.04–1.55)

0.1

1

10

OR (95% CI)
Figure 1: Matched, univariable and multivariable analysis* of the risk of infection after a visit to the emergency department. Note:
CI = confidence interval, ED = emergency department, OR = odds ratio. *Determined by conditional logistic regression.
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Outbreaks of respiratory tract infections are
common and likely underestimated in long-term
care facilities. A Canadian study reported 46 outbreaks, most of which (42%) were due to respiratory viruses, over a three-year period in five
nursing homes. 22 These outbreaks occurred
mainly during the winter months, and fewer than
50% were identified prospectively as outbreaks.22
Prospective monitoring of gastroenteritis outbreaks in hospitals and nursing homes in England identified that 33 of 271 outbreaks (12%)
occurred in long-term care facilities.23
Limitations
Staff in long-term care facilities generally understand the importance of identifying acute respiratory and gastrointestinal infections and have surveillance programs for outbreaks. However, such
surveillance programs are underfunded, and
chart reviews usually identify more infections
than are detected through surveillance.24 In our
study, there could be potential detection bias if
the exposed residents were monitored more
closely or if their symptoms were documented
with more precision. Because we did not consider visits to the emergency department to be a
risk factor for the development of new infections
at the time of the study, we do not believe that
such a bias would be important.
This study has the limitations of a retrospective chart review. It is possible that some infectious outcomes were missed. However, the use of
standardized and validated definitions for the
diagnosis of respiratory and gastrointestinal
infections,7,8 the matching of exposed and unexposed residents within the same unit, and the
blinding of reviewers to the exposure status
should have balanced this risk in the two groups.
Precise data from the various emergency departments were not available. Although we would
have liked to correlate the risk of infection with
time spent in the emergency department, the data
were too incomplete to allow us to do so. Microbiological diagnosis of infectious outcomes
would be ideal, but is rarely performed and was
not feasible in this study. Although we included
multiple facilities and emergency departments,
they were all from one country and studied during only two seasons. Thus, our results may not
be generalizable to other populations, all years or
other types of health care systems.
Conclusions
A visit to the emergency department was associated with a more than threefold increased risk of
acute respiratory or gastrointestinal infection.
Confirmation of these results with studies of specific types of infection with laboratory testing is

E238

CMAJ, March 6, 2012, 184(4)

required. Further research is also required to
identify specific sources of transmission in the
emergency department (e.g., waiting room,
examination and observation rooms, corridor,
staff or other patients) and to monitor for the
presence and compliance to infection control
guidelines and policies. Once systemic reasons
for the transmission of infection in emergency
departments are understood, interventions to
reduce the risk should be studied. In the meantime, considerations should be given to the
implementation of additional precautions for residents for five to seven days after their return
from the emergency department.
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