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a b s t r a c t

Objectives: In 2012, British Columbia (BC) implemented a province-wide vaccinate-or-mask influenza
prevention policy for healthcare workers (HCWs) with the aim of improving HCW coverage, and reducing
illness in patients and staff. We assess post-policy impacts of HCW vaccination status on their absen-
teeism.
Methods: We matched individual HCW payroll data from December 1, 2012 to March 31, 2017 with
annually self-reported vaccination status for BC health authority employees to assess sick rates (sick time
as a proportion of sick time and productive time). We modelled adjusted odds ratios (OR) of taking any
sick time, relative rates (RR) of sick time taken, and predicted mean sick rates by vaccination status in
influenza (December 1–March 31) and non-influenza seasons (April 1 to November 30). We used two
methods to assess changes in influenza season sick rates for HCWs who had a change in their vaccination
status over the five years.
Results: HCWs who reported ‘early’ vaccination (before December 1 when the policy is in effect) were less
likely to take sick time (OR 0.874, 95%CI: 0.866–0.881) and took less sick time (RR 0.907, 95%CI: 0.901–
0.912) in influenza season compared to HCWs who did not report vaccination; whereas HCWs who
reported ‘late’ (between December 1 and March 31, and subject to masking until vaccinated) had similar
sick rates to HCWs who did not report vaccination. These trends were also observed in non-influenza sea-
son. Influenza season sick rates were similar for HCWs that had at least one year of ‘early’ vaccination and
one year where vaccination was not reported over the five year period.
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Conclusions: Overall absenteeism is lower among HCWs who report vaccination versus those who do not
report. However, absenteeism behaviours appear to be influenced by individual level factors other than
vaccination status.

� 2019 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Annual influenza vaccination is recommended for all Canadian
health care providers by the National Advisory Committee on
Immunization [1]. However, vaccination in most provinces and ter-
ritories has remained below the national target of 80% [2,3]. In
2012, British Columbia (BC) was the first province in Canada to
implement a province-wide vaccinate-or-mask influenza preven-
tion policy that requires healthcare workers (HCW) and anyone
entering a patient care area (including visitors) to mask if they have
not received influenza vaccine for that season [4]. There were three
goals of the policy: improving HCW vaccination coverage, reducing
influenza illness transmission, and reducing influenza-related HCW
absenteeism. Previous reports, studies and publications have
described the evidence and rationale for the policy, evaluation of
the implementation of the policy, changes in HCW coverage rates,
and HCW knowledge, attitudes and practices around influenza vac-
cination [5–10]. The magnitude of the benefit remains uncertain,
and attempts to evaluate the impact of the BC policy on hospital-
acquired influenza and long-term care facility outbreak outcomes
have been limited by the available data sources [11–13].

At the time of initial policy implementation, the goal of reduc-
ing HCW influenza-related absenteeism was supported by three
randomized controlled trials showing modest reductions in absen-
teeism among vaccinated HCWs [14–16]. Since then, an ecological
study of the United Kingdom National Health Service Trusts found
significant decreases in HCW absences due to sickness as influenza
vaccination coverage increased [17]. As well, a comparison of HCW
absenteeism due to viral respiratory illness in facilities with and
without mandatory vaccination policies in the United States (US)
has shown lower sick time among vaccinated staff [18].

Despite mounting evidence that increasing HCW influenza vac-
cination coverage reduces absenteeism, the impacts of influenza
vaccination policies on absenteeism have been mixed. Descriptions
of mandatory vaccination policy implementations from New York
City and Virginia Mason, Seattle, reported reductions in ‘call-off’
hours and a non-significant reduction in absenteeism, respectively
[19,20]. An initial evaluation of the impact of the BC policy on HCW
absenteeism in one health region of BC after the first season, 2012–
13 when the policy was in effect but not enforced, showed that vac-
cinated HCWs had significantly lower rates of sick time compared
to unvaccinated HCWs during influenza season, after accounting
for baseline non-influenza season differences in sick rates [21].

Here, we further assess the BC situation by examining the first
five years of implementation of a province-wide mandatory influ-
enza vaccinate-or-mask policy. We assess the impact of vaccina-
tion status at the level of the individual HCW on their influenza
and non-influenza season sick rates. In the absence of pre-policy
vaccination status information, we also assess whether differences
exist in influenza season sick rates for HCWs who had a change in
their reported vaccination status in the post-policy period.
2. Methods

2.1. HCW payroll data and sick time

We used HCW payroll data from employees of the seven regio-
nal and provincial health authorities in BC (Fraser Health, Interior
Health, Northern Health, Provincial Health Services, Providence
Healthcare, Vancouver Coastal Health, Vancouver Island Health)
from December 1, 2012 to March 31, 2017. Available data for each
HCW included year of birth and sex, health authority, job
type (part-time, full-time status, or casual status), and descriptions
of job classification (job descriptions and codes). Job classifica-
tion descriptions were manually grouped into a summary classifi-
cation of ‘clinical’ and ‘non-clinical’, with ‘indeterminate’
classification where there was insufficient information on the
role. Available data for each day employed include: hours of pro-
ductive time, hours of sick time, and hours of other absences
(e.g., vacation, leaves of absences). Daily hours data were aggre-
gated into calendar months. The monthly ‘‘sick rate” for each
HCW was defined as the amount of sick time divided by the sum
of sick time and productive time in a month (i.e., the amount of
sick time relative to the amount of time the HCW was supposed
to be working in a month).

We excluded months where a HCW had zero productive time
and days in which >12 or <0 hours (h) were recorded in a day. In
addition, we excluded individuals with ‘casual’ status because of
differences in sick-time policies compared to regular (full-time or
part-time) employees. Additional exclusions include HCWs for
whom year of birth, sex, or employee identification key was not
discernable.

2.2. Data on HCW vaccination status

All HCWs self-reported their annual influenza vaccination and
date of vaccination via an online reporting tool. These data were
recorded in BC’s provincial Workplace Health Indicator Tracking
and Evaluation (WHITE) data system. Annual reported HCW vacci-
nation status was categorized as ‘‘early” (those who reported
receiving vaccine before the policy deadline of December 1), ‘‘late”
(those who reported receiving vaccine after the policy deadline,
between December 1 and March 31, and would have had to mask
from December 1 until their vaccination date), and those who were
‘‘not reported” and would have been subject to masking for the
season. Annual vaccination status from WHITE was matched by
employee identifiers to the health authority payroll data and indi-
vidual HCW aggregated monthly sick rates.

2.3. Modelling influenza season sick rates by vaccination status

We compared HCW sick time by their ‘early’, ‘late’ or ‘not
reported’ vaccination status using a 2-stage negative binomial hur-
dle model. The first stage of the two-stage hurdle model is a logis-
tic regression of the factors impacting the risk of taking any sick
time in a month. The second stage of the model is a negative bino-
mial regression of the factors impacting the rate of sick time taken
in a month [22].

We defined the ‘‘influenza season” (IS) each year as the period
of time between December 1 and March 31, corresponding to the
period when the BC influenza control policy was in effect; with
non-influenza season (NIS) as the period from April 1 to November
30. Our model included reported vaccination status and influenza
season (IS & NIS) and the interaction between the two terms to iso-
late the effect of vaccination status on monthly sick rates by season
(IS vs NIS). Total time (the sum of sick time plus productive time)
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was included as a statistical offset in the model, effectively acting
like the denominator of a rate calculation to account for time
worked by each employee each month. We adjusted for effects of
other important variables by including: year of birth, sex, health
authority, job type, job classification, annual influenza vaccine
effectiveness (VE) estimate, and calendar year to account for vary-
ing seasons and trends over time. VE estimates were based on the
all ages and all influenza types estimates from the Canadian Sen-
tinel Practitioner Surveillance Network [23].

As a large proportion of HCWs had no sick time in a month, the
hurdle model accounts for the likelihood that there are different
underlying mechanisms that influence why HCWs take no sick
time versus the amount of sick time off when it is taken. The neg-
ative binomial model also addresses the overdispersion in the data,
precluding use of standard Poisson or over-dispersed Poisson mod-
els. Coefficient estimates and associated 95% confidence intervals
(CI) from the logistic and negative binomial models were trans-
formed into odds ratios (ORs) and relative rates (RRs), respectively.
The ORs and RRs of predictors in the model are based on coeffi-
cients from the hurdle model and conditional on all other things
being equal, and therefore, represent the predictors’ effect on sick
rates on average and in a given month. This approach accounts for
HCWs having varying characteristics (e.g., job type, job classifica-
tion, vaccination status) over time. Predicted marginal means of
overall monthly sick rate estimates from the two components of
the model were calculated by vaccination status for both IS and
NIS.

Sensitivity analyses of the model included removal of the 2012–
13 season (when policy was not enforced), removal of the 2016–17
season (unusually high sick rates), and removal of the VE term. As
well, the model was re-fit using a 2-stage zero-inflated regression
hurdle model.
2.4. Measuring differences in influenza season sick rates with a change
in reported vaccination status

In addition to the modelling strategy described above, we used
two approaches to assess differences in sick rates in the subset of
HCWs whose vaccination status changed from ‘early’ vaccination
to ‘not reported’ (or vice versa) at least once during the five year
post-policy period.

Differences within HCWs: For the first approach, we used a
paired t-test to compare the mean sick rates during IS
months when ‘early’ vaccination was reported and sick rates
during IS months when no vaccination was reported for individual
HCWs who were consistently employed over the five year
period.

Differences among HCWs: In the second approach we used six
pairs of influenza seasons between 2012-13 and 2015–16 and
analysed the subset of HCWs that changed their vaccination status
from year 1 to year 2 (‘early’ in year 1 and ‘not reported’ in year 2
versus ‘not reported’ in year 1 and ‘early’ in year 2). HCWs also had
a minimum of 160 h of productive time in both year 1 and year 2
influenza seasons. For each pair of years, the change in the mean IS
Table 1
Unadjusted overall mean monthly sick rate of HCWs in influenza season and non-influenza
2017).

M

Vaccination Status In
(D

‘Early’ (received before December 1) 5
‘Late’ (received between December 1 and March 31) 5
‘Not Reported’ 6
sick rate from year 1 to year 2 was calculated for each HCW. We
used a Wilcoxon-Mann Whitney test to compare the difference
between the changes in mean sick rates for those who were ‘early’
to ‘not reported’ and those ‘not reported’ to ‘early’ in each pair of
years. P-values for these six tests were adjusted using a
Benjamini-Hochberg correction to control the false discovery rate
over six pairs of comparisons.

All analyses were performed using R version 3.4.2 software [24].
This project was assessed by the Fraser Health Authority Research
Ethics Board and was determined as evaluation, and therefore
exempt from review and approval.
3. Results

3.1. HCW demographics and reported vaccination status

Payroll data from 107,258 HCWs employed between December
1, 2012 to March 31, 2017 were included in the analyses; exclu-
sions for daily time >12 or <0 h and indiscernible data removed
<4% of daily payroll records. Included HCWs were mostly female
89,625 (84%) and the mean birth year was 1970.7 (range: 1932–
1998). As HCWs had multiple job types and classifications over
time, the proportion of daily records associated with full-time
HCWs was 62.0% (80,256/129,442), and the proportions of daily
records by job role were 64.6% (71,781/111,047) for clinical roles,
32.1% (35,645/111,047) for non-clinical roles, and 3.3%
(3621/111,047) for indeterminate roles.

The proportion reporting vaccination was lowest in the 2012–
13 season when the policy was in place but not enforced, with
64.7% reporting ‘early’, 2.5% reporting ‘late’, and 32.8% ‘not
reported’. Reported vaccination was consistently higher in the
2013–14 to 2016–17 seasons, with 68.0%-70.4% reporting ‘early’,
5.6% to 8.7% reporting ‘late’, and 23.3% to 25.2% ‘not reported’.
Overall crude monthly sick rates were lower in non-influenza sea-
son (NIS) compared to influenza season (IS) for all HCWs, and low-
est among those who reported receiving influenza vaccine ‘early’
and highest among those ‘not reported’ (Table 1).
3.2. Model estimates of HCW factors on sick rates

Table 2A shows the results from stage one (logistic regression of
probability of taking any sick time) and stage two (negative bino-
mial regression of sick rate when sick time was taken) of the fully
adjusted model for the effects of HCW factors on monthly sick
rates (OR and RR and their 95% CI). On average, compared to the
19–29 year old age group, HCWs between 30 and 39 years of age
were more likely to have any sick time (OR 1.084, 95%CI: 1.075–
1.092), whereas those 40 years and older were less likely to have
any sick time (ORs < 1). Monthly sick rates (RR) were higher in
all age groups compared to 19–29 year olds. Female HCWs were
more likely to have any sick time (OR 1.329, 95%CI: 1.322–
1.337), and had higher sick rates (RR 1.070, 95%CI: 1.066–1.075)
compared to male HCWs. Full-time HCWs were more likely to have
any sick time (OR 1.316, 95%CI: 1.310–1.322), but had lower sick
season months by annual reported vaccination status (December 1, 2012 to March 31,

ean Monthly Sick Rate (%)

fluenza Season
ecember 1 – March 31)

Non-influenza Season
(April 1 – November 30)

.14 4.23

.98 5.43

.17 5.85



Table 2A
Fully-adjusted* Odds Ratios (OR), Relative Rates (RR) and associated 95% confidence intervals (CI) of predictors of average monthly sick rates (age group, sex, job type and job
classification).

Predictors OR 95% CI RR 95% CI

Ages 30–39 vs 19–29 1.084 1.075–1.092 1.027 1.021–1.033
Ages 40–49 vs 19–29 0.966 0.959–0.974 1.013 1.008–1.019
Ages 50–59 vs 19–29 0.864 0.858–0.871 1.060 1.054–1.066
Ages 60 + vs 19–29 0.878 0.870–0.887 1.111 1.104–1.119
Females vs Males 1.329 1.322–1.337 1.070 1.066–1.075
Full-time vs Part-time 1.316 1.310–1.322 0.863 0.860–0.865
Clinical vs Non-clinical 1.096 1.091–1.101 1.162 1.158–1.165
Indeterminate vs Non-clinical 0.932 0.918–0.946 0.925 0.915–0.935

* Adjusted for: age group, sex, health authority, job type, job classification, VE, year).
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rates (RR 0.863, 95%CI: 0.860–0.865) compared with part-time
HCWs. Compared to HCWs in non-clinical roles, HCWs in clinical
roles were more likely to have any sick time (OR 1.096, 95%CI:
1.091–1.101) and higher sick rates (RR 1.162, 95%CI: 1.158–
1.165), while HCWs in indeterminate roles were less likely to have
any sick time (OR 0.932, 95%CI: 0.918–0.946) and had lower sick
rates (RR 0.925, 95%CI: 0.915–0.935).

3.3. Model estimates of vaccination status on sick rates

Table 2B shows the association between vaccination status and
sick time during IS and NIS from the fully-adjusted hurdle model.
On average and in a given month, HCWs who reported ‘early’
(OR 0.874, 95%CI: 0.866–0.881) and ‘late’ (OR 0.969, 95%CI:
0.954–0.985) were both significantly less likely to have any sick
time during IS compared to HCWs who did not report. These effects
were more pronounced in NIS months. In IS, HCWs who reported
Table 2B
Fully-adjusted* Odds Ratios (OR), Relative Rates (RR) and associated 95% CIs of average mo
status.

Vaccination status Influenza Season
(December 1–Marc

OR 95% CI

Early (reported receiving before December 1) vs Not reported 0.874 0.866–0.8
Late (reported receiving between December 1 and March 31)

vs Not reported
0.969 0.954–0.9

* Adjusted for: age group, sex, health authority, job type, job classification, VE, year).
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Fig. 1. Predicted marginal mean sick rates from 2-stage hurdle model in influenza season
sick hours based on a theoretical 160 h per month full-time schedule.
‘early’ had a significantly lower sick rate (RR 0.907, 95%CI:
0.901–0.912) compared to HCWs who did not report; whereas,
there was no significant difference in IS monthly sick rates for
those who reported ‘late’ (RR 0.966, 95%CI: 0.986–1.007). In NIS
months, HCWs who reported ‘early’ (RR 0.840, 95%CI: 0.836–
0.843) and ‘late’ (RR 0.968, 95%CI: 0.960–0.976) had lower sick
rates compared to HCWs who did not report. None of the sensitiv-
ity analyses performed yielded results contradictory to the primary
hurdle model analysis.

Combining the OR and RR effects from the 2-stage model, the
predicted mean monthly sick rates in IS vs NIS were 4.286% vs
3.493% for those HCWs reporting ‘early’, 5.217% vs 4.726% for
those reporting ‘late’, and 5.194% vs 4.875% for those ‘not
reported’. Based on a theoretical 160 h per month schedule for a
full-time employee, these predicted rates equate to sick hours
per month of 6.9 and 5.6, 8.4 and 7.6, and 8.3 and 7.8, respectively
(Fig. 1).
nthly sick rates in influenza season and non-influenza season by reported vaccination

h 31)
Non-influenza Season
(April 1–November 30)

RR 95% CI OR 95% CI RR 95% CI
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Table 3
Average sick rates (%) during influenza season between 2012-13 and 2015–16 for HCWs with a change in reported vaccination status (‘early’ or ‘not reported’) between year 1 and
year 2.

Early (year 1) and Not Reported (year 2) Not Reported (year1) and Early (year 2)

Year 1 Year 2 Year 1 Year 2 Adjusted
p-value

12/13 to 13/14 5.5 5.7 4.9 5.2 0.79
12/13 to 14/15 5.1 5.7 5.0 5.1 0.005
12/13 to 15/16 5.5 5.5 5.0 5.0 0.69
13/14 to 14/15 5.1 5.6 5.3 5.4 0.39
13/14 to 15/16 5.2 5.4 5.3 5.1 0.16
14/15 to 15/16 5.3 5.4 5.3 5.4 0.08
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3.4. Influenza season sick rates within HCWs with a change in
vaccination status

There were 6953 HCWs who were consistently employed from
December 1, 2012 to March 31, 2017 and who had at least one year
each of ‘early’ vaccination and ‘not reported’ vaccination over the
five year period. The paired t-test for the difference in individual
HCW sick rates during IS months between years with ‘early’ vacci-
nation and ‘not reported’ vaccination was not statistically signifi-
cant (p = 0.744).
3.5. Influenza season sick rates among HCWs with a change in
vaccination status

Table 3 shows the mean monthly sick rate during IS across six
pairs of years from 2012–13 to 2015–16 seasons (with 2016–17
season excluded due to higher overall sick rates that year) amongst
HCWs who changed their vaccination status from ‘early’ to ‘not
reported’ and vice versa. There was a general increase in year 2 sick
rates for HCWs who changed from ‘early’ to ‘not reported’, with the
exception of the 2012–13 and 2015–16 pair where sick rates
stayed the same. In contrast, sick rates were more similar between
year 1 and year 2 amongst HCWs who changed from ‘not reported’
to ‘early’, with the exception of the 2012–13 and 2013–14 pair
where there was an increase of 0.3% and the 2013–14 and 2015–
16 pair where there was a decrease of 0.2%. Comparing year 1 to
year 2 sick rate changes among HCWs who changed their vaccina-
tion status, and adjusting for multiple comparisons, five of the six
pairs of years showed no significant difference in the differences in
sick rates. Only the 2012–13 and 2014–15 pair had a statistically
significant difference. Overall, IS sick rates were similar among
HCWs regardless of whether they changed from ‘early’ vaccination
in one year to ‘not reported’ in another year or vice versa.
4. Discussion

In the five-year period after implementation of a mandatory
province-wide influenza vaccinate-or-mask policy, we found that
sick rates were the lowest for HCWs who report receiving influenza
vaccination before the policy is in effect for the season. HCWs who
report receiving their vaccination ‘late’ (after the policy is in effect,
and are required to mask until the date of vaccination), had sick
rates that were similar to HCWs who did not report vaccination
at all and who would be required to mask for the entire influenza
season. Although vaccination is expected to impact sick time only
during IS months, the differences in sick rates by vaccination status
were present in both IS and NIS months. These results suggest fac-
tors associated with reporting ‘early’ vaccination are also associ-
ated with taking less sick time overall. Moreover, among those
HCWs who reported ‘early’ in some years, but then did not report
vaccination in other years, sick rates did not change with their
change in vaccination status. Together, these findings suggest that
influenza season sick rates of individual HCWs are influenced more
by their behaviours and other factors than by their reported
vaccination status.

The observed lower sick rates for HCWs with ‘early’ vaccination
compared to those with ‘late’ vaccination or who were ‘not
reported’ suggest there is a real difference in how HCWs who
report ‘early’ take sick time. Similar observed differences in sick
rates among these groups of HCWs in NIS months further supports
this hypothesis. These differences in approaches to sick time may
be related to attitudes towards receiving and reporting the influ-
enza vaccine on time. Sick rates among HCWs who reported ‘late’
vaccination were more similar to sick rates for HCWs who were
‘not reported’, albeit somewhat lower, compared to sick rates for
HCWs who reported ‘early’. From the 2012–13 season when the
policy was in effect but not enforced, to the 2013–14 season when
it was enforced, there was an increase in the proportion of HCWs
who reported receiving the vaccine after December 1st (‘late’) from
2.5% to 8.7%. It is plausible that these HCWs, who eventually
reported being vaccinated ‘late’, may be HCWs who otherwise
would not have been vaccinated at all pre-policy implementation,
and therefore, would be expected to have similar absenteeism
behaviours as HCWs who do not report.

The observed lower sick rates among HCWs who report ‘early’
may also be related to differences in attitudes towards taking sick
time and known ‘‘presenteeism” behaviours associated with
HCWs, where individuals continue to work despite illness
[25–27]. One survey of HCWs in Washington State found evidence
of ‘‘presenteeism” among respondents where the minority (31%)
said they always take sick leave when having flu-like symptoms
and do not feel their workplace expected or encouraged sick leave
when symptomatic [25]. In a 2017 report of a nosocomial influenza
outbreak on an oncology ward related to HCW presenteeism, the
two most common reasons for presenteeism included ‘‘sense of
duty as a health care worker” (56%) and ‘‘viewed illness as too
minor to pose a risk to other” (44%) [26]. With respect to presen-
teeism out of ‘duty to care’, part of the BC influenza prevention pol-
icy included annual communication campaigns targeted to HCWs
in health authorities with messages to stay home when sick. There-
fore, increased HCW awareness of positive employer attitudes
towards taking sick time when ill may have reduced the likelihood
of ‘duty to care’ presenteeism affecting HCW absenteeism in our
evaluation. With respect to ‘illness perception’ presenteeism, it
has been postulated that vaccinated HCWs may feel protected
against influenza, and therefore disregard symptoms and work
when ill. In a survey of HCWs in the US in the 2014–15 season,
HCWs who were vaccinated were significantly more likely to
report presenteeism than those who were not vaccinated, although
the timing of vaccination to illness was not known [27]. Therefore,
absenteeism among vaccinated HCWs in our study may be an
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underestimate of actual illness due to presenteeism behaviours
from ‘duty to care’ or a disregard of symptoms. Presenteeism
may also be related to the ability of certain jobs to be conducted
at home versus at a work site. Studies have shown individuals in
management and executive roles are generally more likely to con-
tinue working despite ILI symptoms versus those in administrative
and direct patient care roles who are more likely to take sick time
[25,28]. Our findings of lower sick rates associated with those in
non-clinical roles may be related to differences in exposures to
illness as well as the ability/expectation to continue working when
sick. Finally, there may be increased absenteeism among HCWs
who report ‘late’ or who do not report related to avoidance of mask
wearing or other impacts of not reporting.

The initial evaluation of the 2012–13 season of the policy in one
HA found unvaccinated HCWs had a greater increase in sick time
compared to vaccinated HCWs in influenza season compared to
baseline [21]. Therefore, we would have expected to see a larger
difference between IS and NIS sick rates among HCWs who do
not report vaccination compared to those who report ‘early’ in
our analysis. However, our results show an opposite trend where
the difference between IS and NIS sick rates associated with HCWs
who reported ‘early’ was greater than the difference between IS
and NIS sick rates for HCWs who reported ‘late’ or did not report.
In our analysis, the IS sick rates for HCWs who reported ‘late’ or
did not report may have been truncated by the HAs’ administrative
policies around accrual and maximum allowed sick time. Full-time
employees in BC HAs can earn 1.5 days/month of sick time up to a
maximum of 135 h/year (approximately 6.8% sick rate), and atten-
dance management measures come into effect for individuals who
exceed certain levels of absenteeism. With mean unadjusted IS sick
rates of 6.17% and NIS sick rates of 5.85% for HCWs who do not
report vaccination, there is a limited ability to take additional sick
time. Whereas, on average, HCWs who report ‘early’ have more
remaining sick time available based on their lower sick rates in
NIS (4.23%) and IS (5.14%).

As a result, we were not able to apply a similar methodology of
using ‘‘baseline” NIS sick rates by vaccination status to adjust for IS
differences, given that they may be capped by administrative pol-
icy limits and not reflect the amount of sick time a HCW would
have taken. Instead, we attempted to understand individual-level
absenteeism behaviours in relation to changes in vaccination sta-
tus over time using two methods. Both methods compared sick
time for individual HCWs who had at least one season with ‘early’
reported vaccination and at least one season with no vaccination
reported. We looked across all five years in the first approach
and across six pairs of years in the second approach to account
for annual changes in the severity of the influenza season and
the effectiveness of the influenza vaccine that may influence yearly
IS sick rates. Interestingly, in the second approach, the only pair of
years with a significant difference was the 2012–13 and 2014–15
seasons, where there was a 0.6% increase in sick rate for HCWs
who went from ‘early’ to ‘not reported’, and a 0.1% increase for
HCWs who went from ‘not reported’ to ‘early’ report. However,
the Canadian VE estimate for the 2014–15 season was 9% (95%CI:
�14% to 27%) and there were high levels of influenza activity likely
contributing to higher overall sick rates that year for both vacci-
nated and unvaccinated HCWs [23,29]. The overall findings from
the two approaches suggest that there are factors, other than vac-
cination status, that influence the amount of annual IS sick time
taken by an individual HCW. Further information to distinguish
influenza-related sick-time from all-cause sick time would be nec-
essary to isolate influenza-specific absenteeism effects due to
changes in vaccination status.

While our analysis includes five years of policy implementation,
several seasons had unique features that may have impacted IS
absenteeism. The 2012–13 season was a transitional year when
the policy was not enforced. The 2016–17 season had unusually
high IS sick rates occurring at the same time as a major prolonged
snowstorm in Vancouver and surrounding regions of BC [30]. The
2012–13, 2014–15, and 2016–17 seasons were all influenza A
(H3N2) dominant seasons in BC with higher levels of influenza
activity, while 2013–14 and 2015–16 were both A(H1N1) domi-
nant [23]. As mentioned above, the 2014–15 season VE estimate
was exceptionally low compared to other Canadian VE estimates
which ranged from a low of 45% (95%CI: 31%-56%) in 2016–17 to
a high of 68% (95%CI: 58%-76%) in 2013–14 [23]. The impact of
the low 2014–15 season VE on HCW absenteeism was also noted
in a US study of out-patient facilities with and without mandatory
vaccination policies, where they found different patterns of
ILI-related sick time in the 2014–15 season compared to the
2012–13 and 2013–14 seasons [18]. Sites with a mandatory policy
in that study required employees to be vaccinated unless there was
a valid exemption, and >92% of staff were vaccinated. Therefore, it
would be expected that ILI-related sick time in a highly vaccinated
population would be more sensitive to variations in influenza
activity and vaccine effectiveness. In contrast, the BC vaccinate-
or-mask policy requires masking of HCWs who choose to not
report vaccination. As well, the BC policy applies to everyone
(e.g., employees, visitors, students) and includes mass communica-
tions campaigns each year to raise awareness of the policy and
general infection prevention and control messages. In this context,
it is difficult to predict the impact of variations in influenza activity
and vaccine effectiveness on the all-cause sick time of BC HCWs.

The limitations of our study include the use of available admin-
istrative all-cause sick time data when the policy goal is to reduce
influenza-related HCW absenteeism. Some health authorities had
started collecting information on reason for sick time, but at differ-
ent time points after the policy was implemented. All BC health
authorities are subject to similar human resources requirements
with provincial unions and there were no significant changes in
sick time policies over the study period. However, differences at
the hospital site/department level in implementation and enforce-
ment of the policy may affect local absenteeism rates and vaccina-
tion reporting. As well, our findings reflect a unionized and
Canadian health care system context and may not be generalizable
to jurisdictions in other countries. Misclassification of vaccination
status is possible if HCWs falsely reported receiving the vaccine
(as there is no confirmation of vaccination) or if vaccinated HCWs
failed to report their vaccination. Information on individual-level
reported vaccination status was not collected pre-policy imple-
mentation, and we were not able to assess the change in absen-
teeism among individuals pre to post-2012. Clinical vs non-
clinical roles were assigned manually based on the combination
of job description factors, and may not represent the actual level
of patient-interaction of the role. As well, measures of total avail-
able sick and other leave time (often related to duration of employ-
ment) was not available for analysis, but may impact how sick time
was used among individual HCWs. Despite these limitations, the
use of province-wide payroll data and reported HCW vaccination
status is the most robust source of information available for assess-
ing HCW absenteeism by vaccination status.
5. Conclusions

In the context of the first five years of a mandatory province-
wide vaccinate-or-mask influenza prevention policy, HCWs who
reported vaccination had lower overall rates of absenteeism than
HCWs who did not report vaccination. This was particularly true
for HCWs who reported vaccination prior to the deadline when
the policy came into effect for the influenza season. However, the
continuation of these differences outside of influenza season, and
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similar influenza season sick rates across years regardless of a
change in vaccination status, suggest that individual level factors
influence absenteeism behaviours more than vaccination status.
Further research is needed to explore these factors, as well as fac-
tors influencing presenteeism/absenteeism behaviours and their
association to influenza vaccination. Other jurisdictions consider-
ing implementation of HCW influenza vaccination policies should
aim to collect pre and post-policy data on individual vaccination
status and influenza-related illness absenteeism to fully assess
the impacts of their policy on absenteeism.
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