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ABSTRACT
Objectives: To evaluate the impact of oseltamivir
prophylaxis in the management and control of
influenza outbreaks in long-term care facilities in
Alberta, Canada.
Setting and participants: Long-term care facilities
where 127 influenza outbreaks were reported to public
health authorities in Alberta, Canada, during two
influenza seasons from 2013 to 2015.
Design and outcome measures: Using routinely
collected surveillance and administrative data, we
examined the association between decision-making
time for oseltamivir recommendation as prophylaxis
strategy for influenza outbreaks in long-term care
facilities (explanatory variable) and the duration of an
influenza outbreak, the postprophylaxis risk of
influenza-like illness and hospitalisation among
residents of long-term care facilities in Alberta
(outcome variables) using multivariable linear and
Poisson regression models.
Results: Oseltamivir prophylaxis decision-making time
was positively associated with the postintervention
duration of an outbreak, with a 1-day delay in making
decision on oseltamivir prophylaxis associated with
2.22 (95% CI 1.37 to 3.06) more days of the duration
of an outbreak after controlling for potential
confounding effect of the number of residents at risk at
intervention, outbreak progression time, prevalence of
influenza-like illness during outbreak progression,
facility location, presence of mixed strain and based on
optimal timing of oseltamivir prophylaxis. Although not
statistically significant, a 1-day delay in making
decision on oseltamivir prophylaxis was associated
with a 5% (95% CI −1% to 11%) increase in the
postintervention risk of influenza-like illness, and a 6%
(95% CI −8% to 22%) increase in the postintervention
risk of hospitalisation after controlling for the same
potential confounders.
Conclusions: Our study demonstrated benefits of
using oseltamivir prophylaxis to shorten the duration
of influenza outbreaks; however, there were no
significant differences in the influenza-like illness and
hospitalisation risk occurring after the intervention.

Surveillance data may offer means of rapid evaluation
of oseltamivir prophylaxis in long-term care facilities as
a public health measure.

BACKGROUND
Influenza is a respiratory illness which
usually spreads in seasonal epidemics. In

Strengths and limitations of this study

▪ In a pragmatic evaluation of a public health inter-
vention, we examined whether an association
between decision-making time to implement
antiviral prophylaxis as a strategy to control
influenza outbreaks in long-term care facilities
was concordant with the duration of an influenza
outbreak and the postprophylaxis risk of
influenza-like illness and hospitalisation among
facilities residents.

▪ Our study used province-wide surveillance data
in Alberta at the time of influenza outbreaks in
long-term care facilities during two consecutive
influenza seasons.

▪ Inclusion of the 2014–2015 influenza season,
which was associated with low vaccine effective-
ness, allowed us to analyse the effect of oselta-
mivir antiviral prophylaxis without being
confounded by the protective effect of influenza
vaccination.

▪ Our study offers robust methodology for analys-
ing surveillance data and an insight into what
variables need to be systematically recorded by
surveillance systems pertaining to influenza out-
breaks in long-term care facilities.

▪ This study does not employ intervention-free con-
trols which would not be readily available or
recruited in a jurisdiction with universal practice
of offering oseltamivir prophylaxis for the control
of influenza outbreaks in long-term care facilities.

Ye M, et al. BMJ Open 2016;6:e011686. doi:10.1136/bmjopen-2016-011686 1

Open Access Research

http://dx.doi.org/10.1136/bmjopen-2016-011686
http://dx.doi.org/10.1136/bmjopen-2016-011686
http://dx.doi.org/10.1136/bmjopen-2016-011686
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2016-011686&domain=pdf&date_stamp=2016-07-05
http://bmjopen.bmj.com


countries of temperate climate, these epidemics usually
occur during winter months. An influenza annual attack
rate globally is estimated at 5–10% in adults and 20–30%
in children. Worldwide, these annual epidemics are esti-
mated to result in about 3–5 million cases of severe
illness and about 250 000–500 000 deaths, with most
deaths occurring in those older than 65 years.1

Influenza results in a significant burden of illness
among residents of long-term care facilities (LTCF) as
congregate closed settings predispose to rapid viral
transmission and frequent outbreaks.2 By the end of the
2014–2015 influenza season, 1279 influenza outbreaks
in LTCF were reported in Canada.3 Similarly, 234 out-
breaks with majority occurring in LTCF were observed in
the province of Alberta.4 Residents in LTCF are at high
risk of influenza-related complications resulting in
increased morbidity, mortality and hospitalisations. It
often leads to a strain on a healthcare system.5

Annual influenza vaccination remains the main strat-
egy to prevent influenza illness, including among resi-
dents and staff in LTCF.6 7 Shortcomings of vaccination
include variable uptake, suboptimal vaccine effectiveness
(VE) mostly due to mismatch of strains used in the
vaccine and circulating strains and poor immune
response among the elderly. In the 2014–2015 influenza
season, little or no vaccine protection was observed
overall, with adjusted VE against medically attended
influenza A (H3N2) infection of −8% (95% CI −50% to
23%), consistent with vaccine strain mismatch.8

Additional strategies to protect residents in LTCF against
influenza include non-pharmacological infection control
measures (eg, isolation, cohorting, visitation restriction,
hand hygiene, wearing masks) and the use of antiviral
medications.9 Two antiviral agents are currently in use
for the treatment and prophylaxis of influenza: oseltami-
vir in the oral form and zanamivir in the inhalational
form. To control influenza outbreaks in closed facilities,
the Association of Medical Microbiology and Infectious
Disease Canada and the Infectious Diseases Society of
America recommend antiviral drug prophylaxis, com-
bined with treatment and influenza vaccine administra-
tion, with greater emphasis on antiviral prophylaxis
during the 2014/2015 season due to vaccine mis-
match.10–12 The current practice in Alberta includes
using oseltamivir 75 mg once daily for 10 days for anti-
viral influenza prophylaxis (IP) among non-infected resi-
dents when an outbreak of influenza is declared in
LTCF.13

Evaluation of public health programmes and interven-
tions is an essential organisational practice in public
health.14 One of the main reasons for programme evalu-
ation is to ensure that effective programmes are main-
tained and resources are not wasted on ineffective
programmes.15 A recent cluster randomised controlled
study conducted in the Netherlands examined the
effectiveness of oseltamivir prophylaxis and found no
difference between the intervention and placebo groups
for managing influenza outbreaks in LTCF.16 Although

this study did not have sufficient power, it highlighted
the need to conduct evaluations of influenza antiviral
prophylaxis interventions in LTCF. The availability and
accessibility of comprehensive administrative and surveil-
lance data collected during influenza outbreaks in LTCF
in Alberta makes such an evaluation a feasible study
which can rapidly provide local context and add to the
existing evidence base on this topic. The 2014–2015
influenza season also offers a unique opportunity to
examine the effect of oseltamivir IP in the management
of outbreaks in LTCF as vaccination is unlikely to have
made a material protective effect. The objective of this
study is to evaluate the impact of oseltamivir IP in the
management and control of influenza outbreaks in
LTCF in Alberta using surveillance and administrative
data.

METHODS
We examined the association between the length of time
before oseltamivir was recommended as an IP strategy
for influenza outbreak control and the duration of an
outbreak, the postprophylaxis risk of influenza-like
illness (ILI) and hospitalisation among residents in
LTCF affected by influenza outbreaks in Alberta during
two influenza seasons from 2013 to 2015. The surveil-
lance and administrative data from the Alberta Health
Services Communicable Disease/Outbreak Management
(CD/OM) application contained the following data ele-
ments for the LTCF influenza outbreaks in Alberta: year
of influenza outbreak, location of an outbreak, the out-
break duration, the number of ILI cases and time points
for oseltamivir IP interventions and laboratory testing
results. ILI was defined as an acute respiratory illness
with symptoms such as fever, cough, sore throat, joint
pain, muscle aches and severe exhaustion as per the
Guidelines for Outbreak Prevention, Control and
Management in Acute Care and Facility Living Sites in
Alberta and Public Health Agency of Canada case defini-
tions.13 17 Detection of influenza virus was confirmed by
the Provincial Laboratory for Public Health in Alberta.
An outbreak of influenza was defined as having two or
more epi-linked cases of ILI within a 7-day period in the
same facility, of which at least one was laboratory con-
firmed. The outbreak was declared over 8 days after
onset of the last ILI case in a given facility.12 On the
same day that an influenza outbreak was confirmed in
the LTCF, oseltamivir IP (75 mg daily orally for 10 days)
was recommended for all at-risk asymptomatic residents
to help control an influenza outbreak. The duration of
prophylaxis was extended if the outbreak activity per-
sisted beyond 10 days or discontinued earlier if the out-
break was declared over within 10 days of initiating IP.
Symptomatic residents also received a treatment
regimen (oseltamivir 75 mg twice daily orally for 5 days).
This study was approved by the Health Research
Ethics Board of the University of Alberta (study ID
Pro00057745). Individual patient consent was not
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required as this study examined de-identified and aggre-
gated surveillance and administrative records collected
to monitor an ongoing public health programme.
A series of events occurring during the course of an

outbreak in the LTCF are described in figure 1. These
include the date that ILI was first reported to Public
Health (T1), the date of the second and/or subsequent
ILI case(s) reported (also the same date when nasopha-
ryngeal (NP) swabs were sent for laboratory testing)
(T2), the date of confirmation of the ILI outbreak as an
influenza outbreak (also the same date oseltamivir IP
was recommended) (T3) and the date the outbreak was
declared over (T4).
The independent (explanatory) variable for this study

was decision-making time for oseltamivir IP, which was
defined as the length of time between the date when the
second or subsequent ILI case(s) were reported (T2)
and the date when oseltamivir IP was recommended
for implementation in the LTCF (T3) (ie, T3–T2 in
figure 1). Variations in this variable reflected the ‘real-
life’ situation in the influenza outbreak management in
the LTCF, including the length of time to obtain NP swab
results.
The outcome (dependent) variable was the postinter-

vention duration of an outbreak, which was defined as
the length of time between when oseltamivir IP was
recommended (T3) and the time of declaring outbreak
over (ie, T4–T3 in figure 1). Two additional outcome
variables of interest were the postintervention risk of
new ILI and hospitalisation among LTCF residents
(defined as the number of ILI cases and the number of
hospitalisations per 100 residents in a given facility after
implementing oseltamivir IP). The impact of IP was

indirectly inferred: the concordant association would
indicate a positive effect of oseltamivir IP (ie, a shorter
decision-making time should be positively associated
with a shorter outbreak duration and lower ILI and hos-
pitalisation risk), while the discordant association would
indicate a negative effect of oseltamivir IP.
The covariates in the analysis included the total

number of residents in a given facility, outbreak progres-
sion time (T2–T1 in figure 1), the number of ILI cases
during outbreak progression time, prevalence of ILI
during outbreak progression (ie, the number of ILI
cases divided by the number of residents in the T2–T1
period), the number of residents at risk at the start of
oseltamivir intervention (T3) (ie, the number of indivi-
duals free from ILI at T3) and timing of oseltamivir
intervention (ie, the time when oseltamivir IP was
recommended in relation to the entire course of an out-
break). As timing of oseltamivir IP intervention (T3)
would be related to the postintervention duration of an
outbreak (T4–T3) given the same decision-making time
(T3–T2) for oseltamivir IP, we generated a timing vari-
able for oseltamivir IP. It was defined as (T3−T1)×100/
(T4−T1) to show timing of an intervention, that is, the
ith day on which the oseltamivir IP was recommended
in a hypothetical 100-day scale of the outbreak.

Statistical analyses
Differences between time points in figure 1, including
oseltamivir IP decision-making time (T3–T2), the postin-
tervention duration of an outbreak (T4–T3) and out-
break progression time (T2–T1), were mathematically
calculated and analysed as continuous variables. The
location of the LTCF (urban or other), calendar year of

Figure 1 Epidemics and critical events (dates) of influenza outbreaks in the LTCF. *In the slope calculation, number of cases (n)

was normalised with total number of residents at LTCF (N), which is equivalent to the prevalence of ILI during outbreak

progression. §Timing of oseltamivir intervention=(T3−T1)×100/(T4−T1), indicating oseltamivir IP occurred on the ith day in a

hypothetical 100-day scale of the outbreak. A categorical variable was therefore generated based on tertiles of (T3−T1)×100/
(T4−T1) to indicate ‘very early/early/late’ intervention in relationship with the course of outbreak. ILI, influenza-like illness; IP,

influenza prophylaxis; LTCF, long-term care facilities.
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an outbreak, primary strain of influenza during an out-
break (influenza A or B) and whether influenza was
mixed with other viruses (mixed or not) were consid-
ered as categorical variables. On the basis of the tertiles
of continuous variables, including the number of resi-
dents at risk at the start of oseltamivir IP (T3), outbreak
progression time (T2–T1), prevalence of ILI during out-
break progression, oseltamivir IP decision-making time
(T3–T2) and timing of oseltamivir intervention, categor-
ical variables were generated to show gradients in these
variables (eg, for time variable—‘short/medium/long’
and for prevalence variable—‘low/medium/high’). In
descriptive analyses, means, medians and ranges were
calculated for continuous variables and percentages for
categorical variables. The postintervention duration of
an outbreak was considered as a continuous outcome
(dependent) variable. The other two outcome variables,
the number of ILI cases and the number of hospitalisa-
tions, were considered as count variables following
Poisson distribution. For Poisson regression analysis, the
number of residents at risk in a given facility was used as
an offset to calculate risk of new ILI and hospitalisation
after implementation of oseltamivir IP.
Covariates that are potentially related to the postinter-

vention duration (T4–T3) and outcomes (risk of ILI and
hospitalisation) of an outbreak, including outbreak pro-
gression time (T2–T1), the number of ILI cases during
outbreak progression time, prevalence of ILI during out-
break progression, the number of residents at risk at T3
and timing of oseltamivir intervention, were initially
examined by the simple linear regression analyses. The
means of the postintervention duration of an outbreak
(T4–T3) were calculated and compared across different
levels of each categorical variable using Student’s t-tests
or analysis of variance. We checked the normality as-
sumption of the dependent variable (the postintervention
duration of an outbreak) using Q–Q plot and kurtosis and
Shapiro-Wilk normality tests (see online supplementary
figure S1). We further tested whether log (natural)-
transformed data would significantly change our results.
The postintervention risk of ILI and hospitalisation was
calculated and compared across different levels of each
categorical variable using Poisson regression analyses.18

The magnitude of associations between oseltamivir IP
decision-making time (T3–T2) and the duration of an
outbreak and the postprophylaxis risk of ILI and hospi-
talisation were examined using multiple linear and
Poisson regression models, after controlling for the con-
founding effects of the number of residents at risk at
intervention (T3), outbreak progression time (T2–T1),
prevalence of ILI during outbreak progression, LTCF
location, the presence of other respiratory viruses and
timing of oseltamivir intervention. Clinically and bio-
logically plausible interactions, such as the effect of year,
location, strains of influenza and timing of oseltamivir IP
intervention, were examined. Statistical analyses in this
study were performed using STATA software (StataCorp
LP. 2007, Release V.12, College Station, TX, USA).19

RESULTS
Influenza outbreaks in LTCF in Alberta, 2013–2015
There were 127 influenza outbreaks in 90 LTCF
reported in Alberta during 2013/2014–2014/2015
seasons. The characteristics of these outbreaks are sum-
marised in table 1.
During outbreaks, on average, there were 15 ILI cases

and one hospitalisation reported per LTCF with the
mean risk of ILI of 16.24 per 100 residents (95% CI
13.0% to 19.5%) and the mean risk of hospitalisation of
1.05 per 100 residents (95% CI 0.5% to 1.6%). The
average decision-making time for oseltamivir IP was
2 days, ranging from 0 to 13 days. Given an average of
17.8 days for the outbreak duration, the timing of oselta-
mivir IP expressed as tertiles was 3.17, 5.23 and 8.73 days
after the detection of the first ILI, for very early, early
and late interventions, respectively.

Table 1 Characteristics of long-term care facilities (LTCF)

and influenza outbreaks, Alberta, Canada, 2013/2014 and

2014/2015 influenza seasons

Characteristics (N=127)

%, Range,

mean (SE) 95% CI

Number of residents in each LTCF

Range 9–437 −
Average 92.92 (6.28) 80.49 to 105.36

Location (%)

Major urban centre 69.29 −
Other 30.71 −

Year of outbreak (%)

2013–2014 14.17 −
2014–2015 85.83

Primary strain (%)

Influenza A 79.53 −
Influenza B 20.47 −

Mixed strain (%)

Single 78.74 −
Mixed 21.26 −

Duration of an outbreak (T4–T1: days)

Range 8–44 −
Average 17.18 (0.51) 16.96 to 18.98

Outbreak progression time (T2–T1: days)

Range 0–16 −
Average 3.80 (0.26) 3.28 to 4.33

Prevalence of ILI during outbreak progression per 100

residents

6.95 (0.87) 5.22 to 8.67

Oseltamivir IP decision-making time (T3–T2: days)

Range 0–13 −
Average 1.81 (0.16) 1.49 to 2.13

Postintervention duration of an outbreak (T4–T3: days)

Range 3–28 −
Average 12.35 (0.43) 11.50 to 13.21

Overall risk of ILI during an outbreak per 100 residents

16.24 (1.67) 12.93 to 19.51

Overall risk of hospitalisation during an outbreak per 100

residents

1.05 (0.29) 0.52 to 1.62

ILI, influenza-like illness; IP, influenza prophylaxis.
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The postprophylaxis outbreak duration and the risk of ILI
and hospitalisation in LTCF
The distribution of the postintervention outbreak duration
(T4–T3) by outbreak characteristics is shown in table 2.
The average postintervention duration of an outbreak

was longer in the LTCF located in major urban centres
in comparison to other zones in Alberta. Influenza out-
breaks associated with other respiratory viruses (mixed
strains) had a longer postintervention duration com-
pared with the outbreaks with influenza viruses only.
Outbreaks with a rapid progression (ie, an average of
1.2 days in outbreak progression time), had a longer
postintervention duration of an outbreak (13.8 vs 11.1 vs
11.8 days, respectively) compared with the outbreaks
with medium (3.4 days) and long (7.2 days) outbreak
progression times. Although the unadjusted compari-
sons showed a negative association between prevalence
of ILI during outbreak progression time and the postin-
tervention duration of an outbreak, the magnitude of
this association was close to null and not statistically

significant in the multivariable regression analyses (see
online supplementary table S1a). Using log-transformed
data in linear regression analysis resulted in a 1.16 times
longer duration of the postintervention duration of an
outbreak for a 1-day delay in oseltamivir IP. This associ-
ation was statistically significant and similarly effect
modified by the timing of the intervention as was the
model using non-transformed data (see online
supplementary table S1b).
The distribution of the postintervention risk of ILI

and hospitalisation across influenza outbreak variables
and characteristics of LTCF are summarised in table 3.
The postintervention risk of ILI was significantly lower

in the LTCF located in major urban centres than in
other areas in Alberta. The influenza A outbreaks and
influenza outbreaks mixed with other respiratory viruses
were associated with a higher postintervention risk of ILI
compared with influenza B outbreaks and influenza
only (not mixed) outbreaks. While there was no
significant difference across outbreak progression time

Table 2 The unadjusted postintervention duration of an outbreak in long-term care facilities affected by influenza outbreaks

in Alberta, Canada, 2013/2014 and 2014/2015 influenza seasons

Characteristics (N=127) Mean (SE) (days) 95% CI (days) p Value

Average

12.35 (0.43) 11.50 to 13.21 −
Location

Major urban centre 13.08 (0.50) 12.09 to 14.07 −
Other 10.72 (0.79) 9.16 to 12.28 0.011

Year

2013–2014 13.61 (1.22) 11.20 to 16.02 −
2014–2015 12.15 (0.46) 11.24 to 13.06 0.238

Primary strain

Influenza A 12.38 (0.45) 11.48 to 13.27 −
Influenza B 12.27 (1.19) 9.91 to 14.63 0.921

Mixed strain

Single 11.56 (0.44) 10.68 to 12.44 −
Mixed 15.30 (1.03) 13.25 to 17.34 <0.0001

Outbreak progression time (T2–T1)

Short 13.83 (0.74) 12.37 to 15.29 −
Medium 11.13 (0.70) 9.74 to 12.51 0.009

Long 11.85 (0.75) 10.37 to 13.33 0.055

Prevalence of ILI during outbreak progression

Low 13.43 (0.67) 12.11 to 14.76 −
Medium 12.59 (0.75) 11.11 to 14.06 0.419

High 10.95 (0.79) 9.38 to 12.52 0.017

Oseltamivir IP decision-making time (T3–T2)

Short 11.72 (0.63) 10.46 to 12.97 −
Medium 13.36 (0.63) 12.12 to 14.61 0.111

Long 12.42 (1.03) 10.37 to 14.47 0.514

Timing of oseltamivir intervention

Very early in outbreak 15.30 (0.73) 13.86 to 16.75 −
Early in outbreak 12.62 (0.64) 11.36 to 13.89 0.004

Late in outbreak 9.07 (0.53) 8.03 to 10.12 <0.0001

Number of residents at risk at intervention

1st tertile 9.47 (0.63) 8.23 to 10.71 −
2nd tertile 12.58 (0.65) 11.30 to 13.85 0.001

3rd tertile 15.24 (0.69) 13.87 to 16.61 <0.0001

ILI, influenza-like illness; IP, influenza prophylaxis.
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(T2–T1), higher prevalence of ILI during outbreak pro-
gression was associated with an increased postinterven-
tion risk of ILI.
Similar to the risk of ILI, an outbreak associated with

influenza A had a higher postintervention risk of hospi-
talisation compared with influenza B outbreaks. A
longer outbreak progression time (T2–T1) and higher
prevalence of ILI during outbreak progression were asso-
ciated with a higher postintervention risk of hospitalisa-
tion after oseltamivir IP.

An impact of oseltamivir prophylaxis decision-making
time on the outbreak duration and the risk of ILI and
hospitalisation in LTCF
In multiple linear regression analyses, oseltamivir IP
decision-making time (T3–T2) was positively associated
with the postintervention duration of an outbreak
(T4–T3), with a 1-day delay in making decision on

oseltamivir IP resulting in 2.22 (95% CI 1.37 to 3.06)
more days of the outbreak duration (p<0.0001; table 4)
after controlling for the number of residents at risk at
intervention (T3), outbreak progression time (T2–T1),
prevalence of ILI during outbreak progression, location,
presence of mixed respiratory viruses and based on
optimal timing of oseltamivir IP intervention. Timing of
oseltamivir IP intervention in the course of the outbreak
displayed effect modification on oseltamivir IP decision-
making time, with an early intervention associated with a
stronger impact on the postintervention duration of an
outbreak. For very early (1st tertile), early (2nd tertile)
and late (3rd tertile) timing of oseltamivir IP interven-
tion, a 1-day delay in making decision on oseltamivir IP
was associated with 2.22 (95% CI 1.37 to 3.06), 1.31 (95%
CI 0.71 to 1.91) and 0.86 (95% CI 0.42 to 1.30) more days
of the outbreak duration, respectively (p<0.0001;
table 4). Although not statistically significant, in the

Table 3 The unadjusted postintervention risk of influenza-like illness and hospitalisation in long-term care facilities affected

by influenza outbreaks in Alberta, Canada, 2013/2014 and 2014/2015 influenza seasons

ILI Hospitalisation

Characteristics (N=127)

Mean (SE)

(per 100 residents) 95% CI p Value

Mean (SE)

(per 100 residents) 95% CI p Value

Average

6.60 (1.27) 4.19 to 9.10 − 1.04 (0.26) 0.52 to 1.55 −
Location

Major urban centre 6.09 (1.29) 3.56 to 8.59 − 1.00 (0.28) 0.45 to 1.55 −
Other 9.33 (2.88) 3.72 to 14.91 <0.0001 1.31 (0.71) 0.01 to 2.73 0.205

Year

2013–2014 5.92 (5.34) 0.01 to 16.41 − 1.03 (1.14) 0.001 to 3.31 −
2014–2015 6.75 (1.20) 4.40 to 9.15 0.212 1.06 (0.28) 0.51 to 1.60 0.912

Primary strain

Influenza A 7.13 (1.55) 4.09 to 10.15 − 1.16 (0.36) 0.45 to 1.86 −
Influenza B 5.14 (0.82) 3.52 to 6.79 <0.0001 0.73 (0.23) 0.30 to 1.18 0.046

Mixed strain

Single 6.15 (1.21) 3.79 to 8.52 − 1.14 (0.31) 0.53 to 1.76 −
Mixed 7.76 (3.92) 0.08 to 15.41 0.004 0.82 (0.77) 0.002 to 2.33 0.139

Outbreak progression time (T2–T1)

Short 6.34 (1.11) 4.15 to 8.51 − 0.73 (0.25) 0.24 to 1.22 −
Medium 6.69 (3.23) 0.36 to 13.02 0.572 1.18 (0.57) 0.06 to 2.31 0.041

Long 6.83 (2.02) 2.86 to 10.74 0.404 1.30 (0.66) 0.006 to 2.60 0.01

Prevalence of ILI during outbreak progression

Low 4.86 (0.66) 3.58 to 6.11 − 0.52 (0.13) 0.27 to 0.78 −
Medium 7.08 (1.81) 3.53 to 10.61 <0.0001 1.33 (0.41) 0.53 to 2.14 <0.0001

High 11.69 (3.26) 5.32 to 18.11 <0.0001 2.01 (0.76) 0.53 to 3.50 <0.0001

Oseltamivir IP decision-making time (T3–T2)

Short 7.68 (1.87) 4.01 to 11.33 − 1.17 (0.47) 0.25 to 2.08 −
Medium 6.13 (2.78) 0.69 to 11.58 0.008 1.05 (0.59) 0.006 to 2.22 0.607

Long 5.44 (1.89) 1.75 to 9.14 0.001 0.84 (0.35) 0.15 to 1.53 0.191

Timing of oseltamivir intervention

Very early in outbreak 6.85 (1.51) 3.85 to 9.81 − 0.79 (0.26) 0.28 to 1.30 −
Early in outbreak 8.43 (2.90) 2.74 to 11.14 0.011 1.35 (0.64) 0.10 to 2.61 0.012

Late in outbreak 3.61 (1.80) 0.08 to 7.15 <0.0001 1.08 (0.54) 0.02 to 2.14 0.20

Number of residents at risk at intervention

1st tertile 9.77 (3.32) 3.27 to 16.27 − 2.13 (0.76) 0.64 to 3.63 −
2nd tertile 7.39 (0.95) 5.53 to 9.27 0.022 0.68 (0.18) 0.33 to 1.03 <0.0001

3rd tertile 5.80 (0.90) 4.40 to 7.56 <0.0001 1.00 (0.20) 0.58 to 1.38 0.001

ILI, influenza-like illness; IP, influenza prophylaxis.
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multiple Poisson regression, a 1-day delay in making deci-
sion on oseltamivir IP (T3–T2) was associated with a 5%
(95% CI −1% to 11%) increase in the postintervention
risk of ILI, and a 6% (95% CI −8% to 22%) increase in
the postintervention risk of hospitalisation after control-
ling for same potential confounders described above
(table 4 and online supplementary tables S2 and S3). No
significant interactions were found between oseltamivir
IP decision-making time and influenza season, location,
strains of influenza and timing of intervention.

DISCUSSION
Our study adds to the discussion on the effectiveness of
oseltamivir IP in LTCF. We demonstrated that timely use
of oseltamivir IP in the management of influenza out-
breaks in LTCF has benefits on shortening the outbreak
duration, but has only modest impact on the number of
cases of ILI and hospitalisations averted. Our results
highlight that any delay in the administration of oselta-
mivir IP leads to a longer outbreak duration; the earlier
this recommendation is implemented, the more
pronounced the effect on shortening of the outbreak
duration. In our study, the mean delay in recommend-
ing oseltamivir IP is 1.81 days. On the basis of our regres-
sion analysis, comparing LTCF with a 0-day delay in
antiviral prophylaxis to those with an average delay,
there will be almost 4 fewer days in the outbreak dur-
ation and a 9% [exp(ln(1.05)×1.81)−1] decrease in the
risk of ILI. Furthermore, for the postintervention dur-
ation of an outbreak in our study, results from non-
transformed data were comparable with the model using
log-transformed data in linear regression, thus support-
ing our conclusions. For example, β coefficient of
2.22 days from the non-transformed model was

equivalent to 18% ((12.4+2.22)/12.4=1.18) increase
(16% in log-transformed model) in the duration of an
outbreak per 1-day delay in instituting IP, given the
mean post IP outbreak duration of 12.4 days in this
study. We however found less evident effect of oseltami-
vir IP on ILI cases and hospitalisations averted versus on
the duration of an outbreak. This could be due to sig-
nificant variations in identification of ILI cases in the
LTCF compared to definitions of outbreaks; however,
there also could be a difference in timing for declaring
an outbreak over, depending on whether that date falls
on a weekday or weekend (eg, an outbreak may be for-
mally closed the next business day after the weekend
even if criteria for the outbreak cessation were met
earlier). We also found geographical differences
between urban and rural regions in terms of ILI risk
and the outbreak duration. In adjusted analysis, regard-
less of the effect of oseltamivir IP and other variables,
the duration of an outbreak and the risk of ILI were
greater in rural regions in comparison to urban areas.
Current evidence base addressing the use of oseltami-

vir as a prophylactic agent in LTCF include a limited
number of randomised controlled trials (RCTs). van der
Sande et al conducted a cluster randomised, placebo-
controlled trial in the Netherlands in 60 LTCF over four
influenza seasons from 2009 to 2013 and found no statis-
tical difference between IP intervention with oseltamivir
versus placebo on incidence of new confirmed influenza
cases and ILI cases after initiation of IP. This study did
not have sufficient power because only a small number
of outbreaks occurred during the study period.16 Booy
et al20 compared the effects of treatment alone with com-
bined treatment and IP in another cluster RCT among
age-care facilities in Australia in 2006–2008 and reported
a statistically significant difference between groups for

Table 4 The adjusted associations between oseltamivir IP decision-making time and the postintervention duration of an

outbreak and the risk of ILI and hospitalisation in LTCF affected by influenza outbreaks in Alberta, Canada, 2013/2014 and

2014/2015 influenza seasons

Postintervention duration of an outbreak

Characteristics (N=127) β* 95% CI p Value

Oseltamivir IP decision-making time by timing of oseltamivir intervention

Very early in outbreak 2.22 1.37 to 3.06 <0.0001

Early in outbreak 1.31 0.71 to 1.91 <0.0001

Late in outbreak 0.86 0.42 to 1.30 <0.0001

Postintervention ILI risk

RR* 95% CI p Value

Oseltamivir IP decision-making time 1.05 0.99 to 1.11 0.121

Postintervention hospitalisation risk

RR* 95% CI p Value

Oseltamivir IP decision-making time 1.06 0.92 to 1.22 0.418

*Associations were characterised by the multivariable linear and Poisson regression analyses with controlling for the number of residents at
risk at intervention (T3), outbreak progression time (T2–T1), prevalence of ILI during outbreak progression, location (major urban centre vs
other), mixed strain (Yes/No) and the timing of oseltamivir intervention (very early/early/late).
ILI, influenza-like illness; IP, influenza prophylaxis; LTCF, long-term care facilities; RR, risk ratio.
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influenza attack rates and the outbreaks’ duration, but
no difference for deaths, hospitalisations and pneumo-
nia. Strategies of using oseltamivir prophylaxis in all
nursing home (NH) residents versus only among those
directly exposed residents versus no prophylaxis were
examined in a non-randomised controlled study in
Slovenia during 2011/2012 influenza outbreak. Results
were mixed. The proportion of hospitalisations and
deaths among NH residents was the highest in the
‘no-prophylaxis’ group suggesting benefits of antiviral
prophylaxis; however, the proportion of acute respiratory
illness was also the lowest in the ‘no-prophylaxis’ group.
The duration of outbreaks was the shortest in the univer-
sal prophylaxis group. Hospitalisations and deaths were
non-influenza specific.21 Findings from a number of
observational and descriptive studies generally favour
the recommendation of using antiviral IP to control out-
breaks of influenza in the LTCF.22–26 These studies
ranged from case series to uncontrolled cohort studies,
before-and-after design, outbreak reports and varied in
the sample size, degree and scope of analyses under-
taken. In comparison with the above reports, our results
were similar to findings by van der Sande et al for the
ILI risk outcome, but on the other hand demonstrated
benefits of oseltamivir IP on shortening the duration of
outbreaks reported in some controlled and observa-
tional studies. The question remains what is the optimal
outcome measure to evaluate the effect of oseltamivir IP
in LTCF. The postintervention laboratory-confirmed
influenza risk likely represents the most objective
outcome measure; however, it is likely to be unavailable
outside of controlled settings, as is in our study. It is a
standard practice in Alberta not to test all individuals in
LTCF once an outbreak of influenza is laboratory con-
firmed and declared. Individuals developing ILI are
assumed to have influenza in the outbreak setting. Our
study has strengths and limitations. The strength of our
study is that it used province-wide surveillance and
administrative data at the time of outbreaks. Analysis of
province-wide data minimised the possibility of selection
bias in our study. We analysed multiple time points on the
continuum from the first ILI case to declaring outbreak
over, geographical variations, types of outbreaks by patho-
gen and examined different influenza seasons. The latter
is particularly important as the 2014–2015 influenza
season was associated with low VE, and therefore the
effect of oseltamivir IP was unlikely to be confounded by
influenza vaccination. As our study was performed in the
jurisdiction where oseltamivir IP is routinely recom-
mended to manage all confirmed influenza outbreaks in
the LTCF, no intervention-free controls were readily avail-
able. We therefore analysed the timeliness in recom-
mending oseltamivir IP and measured the effects of
oseltamivir IP decision-making time. This approach
represents a pragmatic ‘real-life’ evaluation of a public
health intervention and can complement findings from
randomised trials. Furthermore, we used time to recom-
mend antiviral prophylaxis in determining decision-

making time rather than the actual administration of
oseltamivir. This represents a similar concept to the
‘intention-to-treat’ analysis used in RCTs.
Limitations include the fact that we did not use

laboratory-confirmed influenza cases as an outcome
measure as residents in the LTCF are not routinely
tested for influenza when a confirmed influenza out-
break is underway. We used ILI in the context of a con-
firmed influenza outbreak as a proxy for influenza cases.
However, the effect of substituting the risk of ILI as an
outcome variable for laboratory-confirmed cases of influ-
enza on conclusions of our study is difficult to predict.
Also, temporal hospitalisations recorded in the adminis-
trative database were not specific to influenza. It is also
plausible that different LTCF could have different resi-
dent population (eg, some LTCF may house residents
with more comorbidities). Furthermore, it is possible
that LTCF that implement oseltamivir prophylaxis early
on are also the ones which may also implement better
outbreak detection systems, have better trained staff and
be more effective in implementing other control mea-
sures such as isolation, hand and environmental
hygiene. However, we would expect less heterogeneity
between LTCF given that Alberta Health Services
employs several strategies to facilitate standardisation of
outbreak management in LTCF. Strategies include pub-
lishing guidelines on outbreak management in LTCF
which are generally well adhered to province wide,
providing LTCF with annual outbreak management edu-
cation and updates through collaboration between stake-
holders involved in outbreak management, facilitating
postinfluenza season debriefs and supporting targeted
immunisation programmes in LTCF.
The rarity of randomised controlled studies specifically

conducted in LTCF underlines the challenges for
making evidence-based recommendations in these set-
tings. Randomised controlled studies may require sub-
stantial resources and due to the unpredictability of
outbreaks may turn out to be inconclusive as evidenced
by the van der Sande study. In these circumstances, the
role of rapidly analysing existing surveillance and admin-
istrative data should be emphasised. Our study offers an
insight into what variables need to be systematically
recorded by surveillance systems pertaining to influenza
outbreaks in LTCF and robust methodology for analysing
such data. Such analyses can be performed rapidly and,
while not a substitute to RCTs, are more feasible to
conduct and substantially less costly. Should results be
reproducible, this will add to the evidence base on the
topic. Our results are likely to be transferable to other
jurisdictions in Canada and other developed countries
which use the same policies for LTCF influenza outbreak
detection, reporting and management.

CONCLUSION
This study provides evidence in Alberta where using
oseltamivir IP is recommended and where no
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intervention-free controls are readily available. On the
basis of the analysis of routinely collected administrative
and surveillance data, it demonstrated the benefits of
using oseltamivir IP to shorten the duration of influenza
outbreaks; however, there was no significant effect on
the risk of ILI and hospitalisation occurring after the
intervention. Study results may be used to inform policy
and guidelines for use of oseltamivir IP in influenza out-
break management and control in LTCF.
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