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OBJECTIVE.
hospitals.

DESIGN.

To determine trends, patient characteristics, and outcome of patients with healthcare-associated influenza in Canadian

Prospective surveillance of laboratory-confirmed influenza among hospitalized adults was conducted from 2006 to 2012. Adults

with positive test results at or after admission to the hospital were assessed. Influenza was considered to be healthcare associated if symptom
onset was equal to or more than 96 hours after admission to a facility or if a patient was readmitted less than 96 hours after discharge or
admitted less than 96 hours after transfer from another facility. Baseline characteristics of influenza patients were collected. Patients were
reassessed at 30 days to determine the outcome.

SETTING. Acute care hospitals participating in the Canadian Nosocomial Infection Surveillance Program.

RESULTS. A total of 570 (17.3%) of 3,299 influenza cases were healthcare associated; 345 (60.5%) were acquired in a long-term care
facility (LTCF), and 225 (39.5%) were acquired in an acute care facility (ACF). There was year-to-year variability in the rate and proportion
of cases that were healthcare associated and variability in the proportion that were acquired in a ITCF versus an ACE Patients with LTCF-
associated cases were older, had a higher proportion of chronic heart disease, and were less likely to be immunocompromised compared
with patients with ACF-associated cases; there was no significant difference in 30-day all-cause and influenza-specific mortality.

conNcLUsIONs. Healthcare-associated influenza is a major component of the burden of disease from influenza in hospitals, but the
proportion of cases that are healthcare associated varies markedly from year to year, as does the proportion of healthcare-associated infections

that are acquired in an ACF versus an LTCF.

Infect Control Hosp Epidemiol 2014;35(2):169-175

Transmission of influenza to patients in health care set-
tings, including both acute and long-term care settings, is
a recognized hazard."? A short incubation period (usually
less than 72 hours); multiple sources of infection from
other patients, visitors, or staff; and efficient transmission
by respiratory droplets leads to frequent introduction of
influenza into this population. Poor immunogenicity of
influenza vaccine because of age and comorbidities leaves
this group susceptible to infection.?

Most published reports describing the epidemiology of
healthcare-associated influenza reflect the experience of
outbreaks*® or novel viruses, such as antiviral-resistant® or
pandemic influenza.”*® There are few studies of endemic
transmission of influenza in healthcare settings, and these
reflect single-season"' or single-institution experience.

Given the tendency for seasonal variation in influenza in-
tensity, a better estimate of the impact of healthcare-
associated influenza over the long term is needed.

We have conducted prospective surveillance for
laboratory-confirmed influenza in adults in a network of
Canadian hospitals since 2006."* To better understand the
frequency, temporal trends, patient characteristics, and
outcomes of healthcare-associated influenza, we compared
community-associated influenza with healthcare-associ-
ated influenza in the hospitals in this network over a 6-
year period. We also examined trends and patient char-
acteristics and compared outcomes for patients who
acquired influenza in long-term care facilities (LTCFs) with
those for patients who acquired influenza in acute care
facilities (ACFs).
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METHODS
Surveillance Network

The Canadian Nosocomial Infection Surveillance Program
(CNISP) is a network of 54 acute care hospitals from 10
provinces. CNISP is a partnership between the Public Health
Agency of Canada (Agency), which provides funding and
technical expertise, and the Canadian Hospital Epidemiology
Committee (CHEC), a group of hospital-based physician in-
fection prevention specialists. Surveillance for influenza in
adults in participating hospitals is considered to be within
the mandate of hospital infection prevention and control pro-
grams and therefore does not constitute human research. In
most participating hospitals, this surveillance activity does
not require institutional review board review.

Surveillance Period

From 2006 to 2008, CNISP conducted surveillance of labo-
ratory-confirmed influenza among hospitalized inpatients 16
years of age and older during the traditional influenza season
(November to June). Following the emergence of the pHIN1
influenza virus in 2009, the program was expanded to year-
round surveillance,” which continued into the 2010-2011
season. During the 2011-2012 season, the surveillance period
returned to the traditional influenza season (November to
June).

Case Definition

During influenza season, clinical practice guidelines recom-
mend testing an adult of any age who is hospitalized with
fever and respiratory symptoms, including community ac-
quired pneumonia."* A case patient with influenza was de-
fined as any adult (greater than or equal to 16 years of age)
with a positive influenza laboratory test result confirmed by
rapid antigen test, reverse transcriptase polymerase chain re-
action, or viral culture from a specimen collected during the
surveillance period who was admitted to a participating hos-
pital. Patients seen in outpatient clinics and emergency de-
partments whose visits did not result in hospitalization were
excluded. Source of acquisition was determined on the basis
of the best available information. A healthcare-associated case
was defined as symptom onset 96 hours or longer after ad-
mission or readmission with a positive test result less than
96 hours after discharge or a positive test result less than 96
hours after transfer from another facility. Healthcare-asso-
ciated cases were subcategorized as acquired in an LTCF or
an ACF. Cases of influenza associated with long-term care
would only be included if the patient was transferred and
admitted to an acute care CNISP hospital.

Case Finding

Cases were identified by concurrent or retrospective chart
review by trained infection control practitioners. Detailed pa-
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tient questionnaires were completed for each case and in-
cluded patient laboratory information, patient demographic
characteristics, risk factors, treatment, and outcomes. Records
of patients who died within 30 days of their initial positive
test result were reviewed by a CHEC physician to determine
whether the death was directly related, indirectly related, or
unrelated to influenza. Underlying medical conditions that
were consistently collected for the 2006-2007, 2007-2008,
and 2009-2010 to 2011-2012 seasons were chronic lung dis-
ease, chronic heart disease, immune suppression, diabetes
mellitus, and kidney disease. Data for underlying medical
conditions were not available for the 2008-2009 season.

Data Analysis

The data were stratified on the basis of site of acquisition
(community- or healthcare-associated and ACF or LTCF).
Univariate analysis was performed. Differences were assessed
for categorical variables using the x* test. Tests for normality
were performed on continuous variables, and the Kruskall-
Wallis test was performed to compare the median time from
onset to treatment and age between groups. Multivariate lo-
gistic regression was performed to control for age for outcome
variables when comparing healthcare-associated and com-
munity-associated cases. Odds ratios (ORs) were reported;
95% confidence intervals (Cls) and P values reflect a 2-tailed
alpha level of .05. Missing data and responses that were unable
to be assessed were removed from all calculations. Statistical
analysis was performed using Stata, version 11 (StataCorp).

RESULTS

In the 6 surveillance seasons, there were 3,299 confirmed cases
of influenza in 2,012,054 admissions; 570 (17.3%) were con-
sidered healthcare associated. Figure 1 demonstrates the pro-
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FIGURE 1. Proportion of hospitalized patients with laboratory-

confirmed influenza cases that were healthcare associated (HA), by
season, 2006-2012 (n = 570).
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portion of all patients with influenza who had healthcare-
associated influenza by season, ranging from a high of 33.1%
in 2006-2007 to a low of 6.6% in 2009-2010 (the pandemic
HINI year). Of the 570 case patients, 60.5% (345 case pa-
tients) acquired influenza in a LTCF (9.9% of the patients
with influenza). The remaining 39.5% (225 case patients)
acquired influenza in an ACF (either the facility in which
they were currently hospitalized or another ACF), which rep-
resented 6.8% of all influenza case patients. The healthcare-
associated influenza rate was highest during 2007-2008 (7.2
cases per 10,000 admissions) and lowest during the 2009-
2010 pandemic year (1.0 cases per 10,000 admissions). In the
2 seasons after the pandemic, the rate increased to 3.7 cases
per 10,000 admissions (2010-2011) and 2.6 cases per 10,000
admissions (2011-2012).

Figure 2 demonstrates the proportion of healthcare-asso-
ciated cases that were acquired in a LTCF versus an ACF by
season. The proportion acquired in an ACF ranged from 93%
in the 2008-2009 season to 32% in the 2010-2011 season.
In the pandemic HIN1 year, 62% of healthcare-associated
influenza cases were acquired in an ACE.

Table 1 compares characteristics and outcome for patients
with influenza acquired in a LTCF with those for patients
who acquired influenza in an ACE Patients with LTC-
acquired influenza had a higher median age than did patients
with ACF-acquired cases (85 years vs 67 years). Compared
with patients with ACF-acquired cases, a significantly higher
proportion of patients who acquired influenza in a LTCF had
a chronic heart condition, had received their annual influenza
vaccination, and were treated with antiviral therapy for their
infection. A significantly higher proportion of patients with
ACF-acquired cases were immunosuppressed. Significantly
fewer patients with LTC-acquired influenza were admitted to
the ICU compared with patients with ACF-acquired cases
(6.5% vs 11.5%; P = .041). At 30 days, the patient status
was the same whether influenza had been acquired in a LTCF
or an ACF, including the proportion who had been dis-
charged. There was no significant difference in 30 day all-
cause and influenza-specific mortality.

Table 2 compares the characteristics and outcomes for pa-
tients with healthcare-associated influenza with those for pa-
tients with community-associated influenza. Patients with
healthcare-associated cases were older and had a higher fre-
quency of some comorbid conditions than did patients with
community-associated cases but did not have a higher fre-
quency of any comorbidity. A greater proportion of patients
with healthcare-associated cases received the influenza vac-
cine that season, although the vaccination rate for this pop-
ulation was still low (54.6%). Multivariate analysis indicated
that patients with healthcare-associated cases had a lower ICU
admission rate (age-adjusted OR, 0.52 [95% CI, 0.4-0.7]) but
higher 30-day all-cause mortality (OR, 1.83 [95% CI, 1.3—
2.5]). There was no significant difference in influenza-specific
30-day mortality.
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FIGURE 2. Proportion of laboratory-confirmed healthcare-associ-

ated influenza cases that were acquired in an acute care facility versus
a long-term care facility, by season, 2006-2012 (n = 570).

DISCUSSION

This 6-year multi-institutional prospective surveillance rep-
resents the largest study to date examining the epidemiology
of healthcare-associated influenza and the only study yet pub-
lished examining multiple influenza seasons. These data allow
us to provide an assessment of the burden of healthcare-
associated influenza in major urban Canadian hospitals (the
hospitals represented by the CNISP network) using a con-
servative definition of onset of symptoms more than 96 hours
after admission or less than 96 hours since last discharge from
the hospital. Furthermore, because influenza testing methods
in some facilities were less sensitive, particularly in the early
years of the study, we feel that our data on the burden of
healthcare-associated influenza represents a minimum esti-
mate. This burden is substantial: 17.3% of all patients hos-
pitalized with influenza acquired their infection in a health-
care facility. The proportion of cases that were healthcare
associated and the 6.8% of cases that were acquired in ACFs
appear to be higher than estimates in the 2 previously pub-
lished studies of nosocomial influenza: 4.3% in an Australian
study conducted during 2 influenza seasons and involving 8-
15 hospitals and 2.0% in 75 UK hospitals in the pandemic
2009-2010 year.'""? However, comparisons between studies
should be made with caution given that all use passive sur-
veillance and that different surveillance periods and defini-
tions were used. An advantage of our multiyear surveillance,
covering both seasonal and pandemic years, is that we are
able to evaluate year-to-year variability in the occurrence of
healthcare-associated influenza, a phenomenon known to be
important in community settings. As shown by our data, there
is substantial year-to-year variability in the proportion of
patients hospitalized with influenza that is healthcare asso-
ciated, from a low of 6.6% during the 2009 pandemic to a
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TABLE 1. Patient Characteristics, Treatment, and Outcomes of Laboratory-Confirmed Influenza Acquired
in Acute Care Facilities (ACFs) and Long-Term Care Facilities (LTCFs), 2006-2012 (1 = 570)

Variable LTCF ACF P
Cases 345 (60.5) 225 (39.5)
Female sex 171 (49.6) 125 (53.8) 3
Age, years, median (range) 85 (20-101) 67 (17-95) <.001
Any chronic comorbidity 289/344 (84.0) 184/212 (86.8) 4
Chronic heart disease 115/315 (36.5) 48/200 (24.0) .003
Chronic lung disease 78/315 (24.8) 41/200 (20.5) 3
Diabetes 69/315 (21.9) 35/200(17.5) 2
Immunosuppressed 32/315 (10.2) 44/200 (22.0) <.001
Chronic kidney disease 33/315 (10.5) 30/200 (15.0) 1
Received annual vaccine 84/121 (69.4) 28/84 (33.3) <.001
Received antivirals 287/342 (83.9) 169/223 (75.8) .02
Days from symptom onset to treatment, median (IQR) 2 (0-8) 2 (1-12)
ICU admission 22/339 (6.5) 24/209 (11.5) .04
Thirty-day outcome
Discharged 196 (56.8) 140 (62.2) 2
Remained hospitalized 112 (32.5) 56 (24.9) .05
Died 37 (10.7) 29 (12.9) 4
Death attributable to influenza® 26 (7.5) 20 (8.9) .6

NoTE. Data are no. (%) of cases, unless otherwise indicated. ICU, intensive care unit; IQR, interquartile

range.

* Attributable influenza deaths were defined as those in which influenza was the primary or contributing

cause of death.

high of 33.1% in 2006-2007. Following the historic low rate
during the pandemic, the healthcare-associated proportion
returned to prepandemic levels. Although this may in part
be explained by the lower attack rate of A(H1IN1) compared
with A(H3N2) and influenza B in older adults,>*® it suggests
that preventative measures instituted during the pandemic
were more effective or more consistently applied than during
the prepandemic or postpandemic periods. Similarly, there is
marked year-to-year variability in the proportion of health-
care-associated influenza cases that are ACF acquired, ranging
from 7% to 68%. There is no ready explanation for this
extreme variability of site of acquisition of healthcare-asso-
ciated infection.

By simultaneously assessing both community-associated
and healthcare-associated influenza over an extended period,
we are able to compare influenza in these distinct settings.
Again, baseline characteristics of age and presence of co-
morbidities were different. Adjusting for age, healthcare-
associated cases had a higher ICU admission rate and higher
30-day all-cause mortality, but there was no difference in
death attributable to influenza. Not surprisingly, we found
significant differences in patient characteristics between in-
fluenza acquired in LTCFs and ACFs, particularly that patients
with LTCF-acquired cases were much older. Despite these
baseline differences, the 30-day outcomes of the influenza-
associated hospitalization, including influenza-associated
mortality, were very similar. It is possible that the higher
median age and higher proportion of chronic heart disease
in the LTCF group was balanced by a much higher proportion
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of immunosuppression in the ACF group and, surprisingly,
a lower proportion of patients who received antiviral treat-
ment in that group (83.9% vs 75.8%)."

Our study is subject to several limitations. These find-
ings are observational surveillance data collected by chart
review; they reflect the experience of large, urban Canadian
hospitals and so are likely not entirely representative of all
hospitalized adults in Canada. It is likely that not all pa-
tients hospitalized with influenza were captured, because
testing indications were not standardized across hospitals
or seasons. Although clinical practice guidelines for testing
of inpatients with suspected influenza have not changed
since our surveillance began, wider use of more sensitive
molecular testing methods and increased clinical suspicion
of influenza in hospitalized adults may have led to in-
creased identification of influenza over time.

In summary, over a 6-year period, 17.3% of adult pa-
tients with test results positive for influenza while hospi-
talized at a network of major Canadian hospitals were
found to have acquired their infection in a healthcare fa-
cility (60.5% in LTCFs, and 39.5% in ACFs). There was
marked year-to-year variability in the frequency of health-
care-associated influenza, with the lowest proportion
(6.6%) being seen in the 2009 pandemic year. The all-
cause 30-day healthcare-associated influenza mortality was
11.6%, and 30-day influenza-specific mortality was 8.1%.

Given the documented high frequency, morbidity, and
mortality associated with healthcare-acquired influenza,
hospitals and hospital infection prevention and control
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Patient Characteristics, Treatment, and Outcomes of Laboratory-Confirmed Influenza, by Source of
Acquisition, 2006-2012 (n = 3,299)

Variable

Community associated  Healthcare associated ~ Age-adjusted OR P

Univariate analysis

Cases

Female sex

Age, years, median (range)

Any chronic comorbidity

Chronic heart disease

Chronic lung disease

Diabetes

Immunosuppressed

Chronic kidney disease

Received annual vaccine

Received antivirals

Days from symptom onset to
treatment, median (IQR)

ICU admission

Thirty-day outcome

2,729 (82.7)
1,451 (53.2)

59 (16~104)

2,215/2,627 (84.3)
609/2,520 (24.2)
896/2,520 (35.6)
505/2,520 (20.0)
462/2,520 (18.3)
200/2,520 (7.9)
402/1,109 (36.3)

1,908/2,644 (71.6)

3 (0-22)
504/2,700 (18.7)

Discharged 2,394 (87.9)
Remained hospitalized 167 (6.1)
Died 162 (5.9)
Death attributable to influenza® 108 (4.0)

Multivariate analysis
ICU admission
30-day outcome

504/2,700 (18.7)

Discharged 2,394 (87.9)
Remained hospitalized 167 (6.1)
Died 162 (5.9)
Death attributable to influenza® 108 (4.0)

570 (17.3)
292 (51.2) 4
81 (17-101) <.001
473/556 (85.1) 7
163/515 (31.7) <.001
119/515 (23.1) <.001
104/515 (2.2) 9
76/515 (14.6) .05
63/515 (12.2) .002
112/205 (54.6) <.001
456/565 (80.7) <.001
2 (0-12) <.001
46/548 (8.4) <.001
336 (59.0) <.001
168 (29.5) <.001
66 (11.6) <.001
46 (8.1) <.001
46/548 (8.4) 0.52 (0.4-0.7)  <.001
336 (59.0) 0.23 (0.2-0.3)  <.001
168 (29.5) 570 (4.6-7.4)  <.001
66 (11.6) 1.83 (1.3-2.5)  <.001
46 (8.1) 1.23 (0.6-2.4) 5

NOTE.

CI, confidence interval; ICU, intensive care unit; IQR, interquartile range; OR, odds ratio.

* Attributable influenza deaths were defined as those in which influenza was the primary or contributing cause of

death.

programs should focus attention on this problem, includ-
ing promotion of testing to detect cases and surveillance
to assess trends. Strategies are needed to improve uptake
of annual vaccination among admitted patients and the
staff who care for them. Additional research is needed to
address many remaining questions in this area. Why is
there such significant variation in the annual rate and pro-
portion of patients with healthcare-associated influenza
and variation in the site of acquisition? What is the relative
" importance of different sources of influenza in hospitals
(eg, other patients, staff, or visitors)? If healthcare pro-
viders are an important source, can strategies such as man-
datory influenza vaccination of providers reduce trans-
mission risk?'®"’
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