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Abstract

OBJECTIVE.—To determine the effect of mandatory and nonmandatory influenza vaccination 

policies on vaccination rates and symptomatic absenteeism among healthcare personnel (HCP).

DESIGN.—Retrospective observational cohort study.
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SETTING.—This study took place at 3 university medical centers with mandatory influenza 

vaccination policies and 4 Veterans Affairs (VA) healthcare systems with nonmandatory influenza 

vaccination policies.

PARTICIPANTS.—The study included 2,304 outpatient HCP at mandatory vaccination sites and 

1,759 outpatient HCP at nonmandatory vaccination sites.

METHODS.—To determine the incidence and duration of absenteeism in outpatient settings, 

HCP participating in the Respiratory Protection Effectiveness Clinical Trial at both mandatory 

and nonmandatory vaccination sites over 3 viral respiratory illness (VRI) seasons (2012–2015) 

reported their influenza vaccination status and symptomatic days absent from work weekly 

throughout a 12-week period during the peak VRI season each year. The adjusted effects of 

vaccination and other modulating factors on absenteeism rates were estimated using multivariable 

regression models.

RESULTS.—The proportion of participants who received influenza vaccination was lower each 

year at nonmandatory than at mandatory vaccination sites (odds ratio [OR], 0.09; 95% confidence 

interval [CI], 0.07–0.11). Among HCP who reported at least 1 sick day, vaccinated HCP had lower 

symptomatic days absent compared to unvaccinated HCP (OR for 2012–2013 and 2013–2014, 

0.82; 95% CI, 0.72–0.93; OR for 2014–2015, 0.81; 95% CI, 0.69–0.95).

CONCLUSIONS.—These data suggest that mandatory HCP influenza vaccination policies 

increase influenza vaccination rates and that HCP symptomatic absenteeism diminishes as rates of 

influenza vaccination increase. These findings should be considered in formulating HCP influenza 

vaccination policies.

Immunization is a primary influenza prevention strategy.1 Since 1984, the Advisory 

Committee for Immunization Practices (ACIP) has recommended annual influenza 

vaccination for healthcare personnel (HCP).2 This recommendation is endorsed by the 

Healthcare Infection Control Practices Advisory Committee (HICPAC).2,3 In 2008, the 

Centers for Disease Control and Prevention (CDC) estimated that only 49% of HCP in the 

United States had received the influenza vaccine.4 By the 2015–2016 season, that number 

increased to 79%, and vaccination rates were highest (>95%) at sites where employers 

required its use.5 Studies suggest that HCP vaccination decreases patient mortality and 

healthcare-associated influenza in certain settings,6,7 leading the Infectious Diseases Society 

of America (IDSA) and the Society for Healthcare Epidemiology of America (SHEA) to 

support mandatory HCP vaccination programs, and the IDSA, SHEA, and the Pediatric 

Infectious Diseases Society (PIDS) to support universal HCP immunization against vaccine-

preventable disease.8–10 Reasons cited for the IDSA and SHEA influenza immunization 

recommendation and the joint IDSA, SHEA, and PIDS vaccine-preventable disease 

recommendations were the direct benefit of protecting HCP from disease, the possible 

secondary benefits of protecting patients from infection by HCP, and reducing HCP illness, 

which negatively impacts patient care. Several states, municipalities, federal departments 

or agencies, as well as many healthcare organizations have adopted mandatory influenza 

immunization policies.10–15

The secondary benefits and rationale for mandatory HCP vaccination policies remain 

controversial. A 2015 Cochrane Collaborative Review (covering 90 studies between January 
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1966 and May 2013) reported that the efficacy of influenza vaccine in preventing laboratory-

confirmed influenza in healthy adults was 60%, and when the vaccine strain closely 

matched the circulating strain, efficacy rose to 62%.16 Several cohort studies and clinical 

trials have suggested that vaccination of HCP may be important in protecting vulnerable 

patients from influenza.7,17,18 Van Buynder determined that influenza immunization of 

HCP in British Columbia reduced absenteeism during the 2012–2013 season.19 Conversely, 

2 separate Cochrane Collaborative reviews showed little or no secondary benefit from 

influenza vaccination of HCP in reducing absenteeism or protecting patients in long-term 

care facilities, respectively.16,20 A recent publication faulted some analytical methods and 

the conclusion that HCP influenza vaccination substantially protected residents of long-term 

care facilities, while another defended that conclusion.21,22

The Respiratory Protection Effectiveness Clinical Trial (ResPECT: NCT-01240625) was 

conducted over 3 influenza seasons at geographically distributed outpatient healthcare 

sites, including 3 that mandated annual HCP influenza vaccination and 4 that did not.23 

We retrospectively examined these prospectively collected data to assess the impact of 

mandatory influenza vaccination policies in populations at risk for influenza and other 

respiratory viral diseases. In contrast to reports24 aggregating sick and/or vacation days 

and all-cause sick days, our analysis only included self-reported HCP absence due to 

symptomatic influenza-like illness (SILI), “symptomatic absenteeism.” We hypothesized 

that SILI-related absenteeism would be lower at sites mandating HCP influenza vaccination.

METHODS

ResPECT, a cluster-randomized study designed to evaluate protection from viral respiratory 

illness (VRI), including influenza, among HCP wearing N95 respirators and medical 

masks, was conducted at 3 university healthcare systems (Johns Hopkins Health System, 

Denver Health Medical Center, and Children’s Hospital Colorado) and 4 Veterans Affairs 

(VA) health systems (VA Eastern Colorado Healthcare System, Michael E. DeBakey VA 

Medical Center, Washington DC VA Medical Center, and VA New York Harbor Healthcare 

System).23 Outpatient HCP were enrolled annually in primary care, emergency departments, 

and specialty clinics where they were regularly exposed to outpatients with acute VRI. 

Recruited HCP included physicians, medical students, nurses, nursing students, dentists, 

social workers, environmental management personnel, administrative, and clinic clerical 

staff. Active surveillance was conducted over a 12-week peak period of each VRI season at 

each site, based on a predictive tool designed for ResPECT.25

Children’s Hospital Colorado began mandating annual influenza vaccination for HCP 

(except those with medical or religious exemptions) in 2010, while Johns Hopkins Health 

System and Denver Health Medical Center began similar mandated programs with similar 

exemptions in 2011. The VA facilities did not mandate annual HCP influenza vaccination. 

All sites provided free, onsite influenza vaccine for HCP. In addition, 1 mandatory and 

all nonmandatory sites authorized paid sick leave for nonprobationary employees. The 

remaining 2 mandatory vaccination sites required employees to use vacation for paid sick 

leave or had policies that provided a block of time to be used for vacation, illness, or 

excused absence. All sites prohibited febrile employees from working with patients.
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Study participants reported vaccination status at enrollment and weekly throughout each 12-

week study period. Participants completed daily online surveys recording whether they had 

worked that day and/or experienced any SILI (defined as a temperature ≥ 37.8°C [100°F] 

plus cough and/or sore throat). They also completed weekly surveys recording days of work 

missed due to SILI (ie, symptomatic absenteeism) and their specific influenza-like illness 

(ILI) symptoms using Research Electronic Data Capture (REDCap, Vanderbilt University, 

Nashville, TN). These data were used to calculate (1) the number of sick days due to SILI 

per participant per season, and (2) a sick-day ratio (SDR) determined by dividing the total 

number of symptomatic days absent at a site by the total number of participants at the same 

site.

To assess the rate of systemwide symptomatic absenteeism, SDRs for health system types 

were compared in unadjusted analyses. In the adjusted analysis, absenteeism rates were 

determined using a 2-stage hurdle model, first to analyze the risk of sick days within a 

season, and second to analyze the average number of sick days among those HCP who 

reported ≥1 sick day.

Unadjusted and adjusted analyses were conducted to assess the hypothesis that mandated 

influenza vaccination was associated with reduced HCP symptomatic absenteeism. 

Unadjusted analyses compared site-level outcomes. Wilcoxon rank-sum tests were used to 

compare sites with mandatory or nonmandatory policies. We chose the Wilcoxon rank-sum 

test because it is an appropriate test for small sample sizes and does not assume a normal 

distribution. Poisson regression was used to test whether vaccination status affected number 

of absent days due to upper respiratory illness with year included as a covariate. In these 

analyses, significance was defined as P < .05.

For adjusted analyses, we used individual-level HCP data. We fit generalized linear 

regression models to estimate effect sizes of interest while adjusting for possible 

confounders including number of children in the home, age, vaccination policy, and type 

of healthcare setting (VA or other). First, a logistic regression model with vaccination status 

as the outcome was fit to assess whether mandatory vaccination policy was associated with 

increased vaccination. Second, we fit a 2-stage regression model with the number of sick 

days reported as the outcome, to determine whether vaccination was associated with (1) 

HCP reported sick leave within each season, and (2) the number of sick days reported 

among HCP who reported any sick leave. We used a Poisson hurdle regression model to 

account for the large number of HCP reporting zero sick days.26 Hurdle models account 

for the possibility that different mechanisms may produce more zeros than produce nonzero 

outcomes. In this case, the mechanism that produces an HCP not taking any sick days 

may be not be the same as that producing the number of sick days an HCP takes. The 

hurdle model was fit using the pscl package for R.27 In both the logistic and hurdle models, 

we included the following fixed effects: year, sex, family members under 5 years old, 

self-reported upper respiratory infection (URI) exposure, age, and whether the site had a 

mandatory influenza vaccination policy. The hurdle model also included an interaction term 

that compared vaccinated to nonvaccinated individuals in the 2012–2013 VRI season (year 

1) and the 2013–2014 VRI season (year 2) to the 2014–2015 (year 3) VRI season. Terms 

were considered statistically significant when 95% confidence intervals did not include 
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zero. All statistical analyses were performed using R version 3.3.1 statistical software (R 

Foundation for Statistical Computing, Vienna, Austria).28

RESULTS

During 3 years of data collection at 7 health systems, 2,304 participants were enrolled 

at mandatory sites and 1,759 were enrolled at nonmandatory sites. Most demographic 

and occupational risk (of direct exposure to patients with acute respiratory infections) 

characteristics at both mandatory and nonmandatory vaccination sites were similar, but some 

differed (Table 1). At mandatory vaccine sites, 11.0% of subjects were male compared to 

19.2% at nonmandated sites (P ≤ .001). Over the 3 studied VRI seasons, mean ages of study 

participants were 35.1, 39.8, and 39.8 years at mandatory vaccination sites compared to 

46.1, 47.2, and 48.1 years at nonmandatory sites, respectively (P ≤ .001). Overall, 97.1%, 

96.3%, and 92.1% of participants reported being vaccinated during the 3 study years at 

mandatory sites, while 67.9%, 63.3%, and 60.4% reported vaccination at nonmandatory 

sites, respectively (odds ratio [OR], 0.09; 95% confidence interval [CI], 0.07–0.11).

The proportion of HCPs claiming any sick days at mandatory sites was estimated to be 5.9% 

lower than at nonmandatory sites (95% CI, −12.5 to −1.4; P = .02) (Table 2). Among HCP 

reporting at least 1 sick day, the median number of symptomatic sick days at mandatory sites 

was 0.74 lower than nonmandatory sites (95% CI, −1.37 to −0.37; P< .01) (Table 3).

Mean SDRs were lower at all 3 mandatory influenza vaccination sites (year 1: 0.47 

mandatory vs 0.95 nonmandatory; year 2: 0.47 mandatory vs 0.94 nonmandatory; year 3: 

0.51 mandatory vs 0.78 nonmandatory) (Table 4). Unadjusted median difference in SDRs at 

mandatory vaccination sites was 0.39 days per HCP lower than at nonmandatory sites (95% 

CI, −0.55 to −0.26; P ≤ .001) (Table 4).

Stratified by year but not site, unadjusted SDRs of vaccinated HCP were 29% lower than 

those of unvaccinated HCP (relative risk [RR], 0.71; 95% CI, 0.67–0.74; P ≤ .001) (Table 

5). During the year 3 of data collection (when the match between the vaccine and circulating 

influenza strains was lower and vaccine efficacy was 19%), SDRs were more nearly similar 

(0.60 in vaccinated HCP participants vs 0.66 in unvaccinated HCP participants).

After adjusting for possible confounders, HCP at nonmandatory compared to mandatory 

sites reported significantly lower vaccination rates (odds ratio [OR], 0.09; 95% CI, 0.07–

0.11). Self-reported factors that significantly increased the odds an HCP was vaccinated 

were (1) being male, (2) having household children under 5 years of age, (3) being exposed 

to upper respiratory tract infections, and (4) being older (Figure 1, panel A).

After similar adjustments, vaccinated HCP were as likely to have at least 1 symptomatic 

absence as unvaccinated individuals in years 1 and 2 when vaccine efficacy was higher (OR 

for 2012–2013 and 2013–2014, 0.96; 95% CI, 0.74–1.24) (Figure 1, panel B). In year 3, 

when vaccine efficacy was lower, vaccinated HCP were significantly more likely to have 

at least 1 symptomatic absence compared to unvaccinated individuals (OR for 2014–2015, 

1.57; 95% CI, 1.17–2.11). In contrast, working at a nonmandatory site increased the adjusted 

odds of any sick leave during all seasons studied (OR, 1.95; 95% CI, 1.64–2.33) (Figure 
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1, panel B). The HCP who were male or younger had significantly decreased odds of any 

sick leave (Figure 1, panel B). However, among the HCP who reported at least 1 sick day, 

vaccinated HCP had lower symptomatic absenteeism (total number of symptomatic days 

absent) compared to unvaccinated HCP (OR for 2012–2013 and 2013–2014, 0.82; 95% CI, 

0.72–0.93; OR for 2014–2015, 0.81; 95% CI, 0.69–0.95) (Figure 1, panel D). However, 

these results were sensitive to the effects of outliers with excess absenteeism. The HCP who 

were male, older, or working at nonmandatory vaccination sites had longer durations of sick 

leave.

We examined the effect of “VHA culture” on our results by making similar adjustments in 

the subset of HCP at the nonmandatory sites and comparing the results to those of the entire 

cohort. The adjusted odds ratios for taking any sick time in the nonmandatory cohort of 

HCP (Figure 1, panel C) were similar to the entire HCP cohort, with the exception of having 

children <5 in the household (panel B). In addition, the adjusted relative rate for number of 

symptomatic days absent in the nonmandatory cohort (panel E) and the entire group of HCP 

(panel D) were similar.

DISCUSSION

This multisite observational study, embedded in an outpatient comparative effectiveness 

trial, provided a unique opportunity to examine whether influenza vaccination policies 

influenced HCP absenteeism. Sites with mandatory influenza vaccination policies had 

higher vaccination rates and lower symptomatic absenteeism during 3 viral respiratory 

infection (VRI) seasons, even when controlling for factors contributing to influenza 

infection. In 2 study seasons, 2012–2013 and 2013–2014, vaccination had little impact 

on HCP sick leave, and in the third season, 2014–2105, vaccinated individuals were 

significantly more likely to claim some sick leave. However, among HCP who reported 

at least 1 day of sick leave, those at mandatory vaccination sites reported 0.74 fewer 

days. Irrespective of site, influenza vaccination was significantly associated with reduced 

absenteeism duration even after controlling for confounders.

During the first 2 VRI seasons, when vaccine and circulating influenza strains matched 

more closely, the SDR of vaccinated and unvaccinated subjects were different (0.62 vs 

1.03; 0.58 vs 1.00, respectively). In the third VRI season, when the influenza vaccine and 

circulating strains did not match well, lowering vaccine efficacy, the SDRs of the 2 groups 

were strikingly more similar (0.60 in vaccinated subjects and 0.68 in unvaccinated subjects).

Our findings have implications for healthcare institutions, governmental agencies, and others 

whose goal is to provide the safest work environment. This study suggests that mandatory 

vaccination policies were associated with increased HCP vaccination rates and with reduced 

occurrence and duration of symptomatic absences. Reducing symptomatic absenteeism 

among HCP could help maintain the staffing and functioning of healthcare organizations 

during patient surges, including those occurring in an influenza epidemic.

The ACIP and HICPAC recommend that HCP without medical contraindications receive the 

influenza vaccine annually.3 More than 600 professional organizations, healthcare systems, 
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cities, states, and federal agencies now mandate influenza vaccination for HCP.14 Mandatory 

vaccination policies substantially increase rates of HCP vaccination.5,29,30,31 However, HCP 

acceptance of voluntary vaccination continues to be problematic.32

Vaccination of HCP has previously been advocated as an effective means to control the 

spread of influenza and prevent absenteeism.33–35 Absenteeism poses a threat to hospital 

effectiveness during influenza outbreaks when increased patient volume creates greater 

demands.36–38 Our data demonstrate that the duration of absenteeism was modestly reduced 

at sites where annual influenza vaccination was mandated.

Many investigators have studied the influence of HCP influenza vaccination on patients. 

Potter et al7 studied influenza vaccination of patients and HCP at long-term-care geriatric 

facilities and found that vaccination of the HCP was associated with reductions in all-cause 

patient mortality and in symptomatic influenza-like illness (ILI). Similarly, Lemaitre17 

studied influenza vaccination of HCP in nursing homes and showed a trend toward lower 

resident SILI in facilities where staff were vaccinated against influenza. Ahmed et al18 

conducted a systematic review designed to evaluate the effectiveness of HCP influenza 

vaccination on patient mortality, hospitalization rates, and nosocomial influenza cases in 

patients. These authors concluded that there was moderate evidence for secondary benefit 

for protecting patients against influenza-like illness and all-cause mortality.

We believe this study focused more specifically on HCP SILI-related absenteeism than 

previous studies that combined vacation and sick days, lost workdays due to SILI in non-

healthcare settings, or “all cause” sick days, regardless of symptoms experienced.39–41 This 

study targeted “symptomatic absenteeism,” defined as work shifts missed specifically due to 

influenza-like symptoms.

The Healthy People collaborative in the United States set a target for 90% of HCP to 

receive annual influenza vaccination by 2020.35 Our data suggest that this may be difficult to 

achieve by relying on voluntary vaccination policies. Vaccination rates at the nonmandatory 

sites decreased during the study. Other data suggest voluntary HCP vaccination policies 

do not meet desired rates and put them at excess risk. A CDC study reported that during 

the 2014–2015 flu season, healthcare sites that mandated influenza vaccination achieved 

an average of 96% vaccination, those that provided vaccine on site for >1 day but did 

not mandate it had an average vaccination rate of 84%, while those that neither promoted 

nor provided influenza vaccination had an average vaccination rate of 44%.36 Incentives to 

encourage and/or mandate influenza vaccination for HCP include the Joint Commission’s 

adoption of a standard for phased improvement of employee vaccination rates in healthcare 

organizations and public reporting of these data in some states.42

This study has several limitations. First, the data used were self-reported. Influenza 

vaccination status and documented absenteeism were not independently verified because 

confidentiality was guaranteed to participants. However, the fact that absenteeism rates were 

similar during the 2014–2015 season, when the vaccine match was low, suggests that any 

self-reporting bias was minimal. Second, assignment of the influenza vaccination policy at 

the sites and of the HCP within sites who received the vaccine was not random. Third, 
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we could not exclude the possibility that HCP at mandatory sites without paid sick leave 

policies worked despite illness because “presenteeism” is known to be common among 

HCP.43 Finally, the 4 sites with nonmandatory influenza vaccination policies were Veterans 

Health Administration (VHA) systems. These VHA facilities served veteran patients only, 

had older HCP participants, and had similar human resource policies that allowed for paid 

sick leave accrued independently of vacation leave. Furthermore, several outlier observations 

among the VHA HCP reported SILI-related absenteeism substantially more than others, 

and these may have affected the sensitivity of our analyses. However, adjustment for 

confounders in nonmandatory HCP (comprising 85% of the unvaccinated but only 33% 

of the entire vaccinated study cohort) showed odd ratios and relative rates of absenteeism 

that were strikingly similar to the entire group. Thus, these data strongly suggest that 

vaccinated and unvaccinated subjects at the nonmandatory sites in our study behaved 

like their counterparts at mandatory sites in terms of SILI-related absenteeism and that 

vaccination policy was associated with absenteeism.

This study is unique and demonstrates that mandatory influenza vaccination policies were 

associated with increased HCP vaccination. Additionally, we demonstrated a benefit to 

individual HCP and facilities in that the total number of symptomatic ILI days absent was 

lower if individuals were vaccinated or worked in settings with highly vaccinated employee 

populations. These findings suggest that rates of workplace symptomatic ILI absenteeism 

may be reduced as HCP influenza vaccination rates increase, and they should be considered 

in the development of HCP influenza vaccination policies.
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FIGURE 1. 
(Panel A) Adjusted odds ratio for influenza vaccination in ResPECT HCP. Adjusted for 

study year (2012–2013; 2013–2014; 2014–2015), sex of participants, number of children 

<5years of age at home, age, reported exposure to patients with symptomatic respiratory 

illness in workplace, and work at mandatory or nonmandatory vaccination policy at 

workplace. (Panel B) Adjusted odds ratio for 1 or more SILI days absent during observation 

period. Adjusted for study year (2012–2013; 2013–2014; 2014–2015), sex of participants, 

number of children <5 years of age at home, age, reported exposure to patients with 
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symptomatic respiratory illness in workplace, and work at mandatory or nonmandatory 

vaccination policy at workplace. (Panel C) Adjusted odds ratio for 1 or more symptomatic 

influenza-like illness (SILI) days absent during observation period in study participants 

at the sites without a mandatory vaccination policy. Adjusted for study year (2012–2013; 

2013–2014; 2014–2015), sex of participants, number of children <5 years of age at 

home, age, and reported exposure to patients with symptomatic respiratory illness in 

workplace. (Panel D) Adjusted relative rate of SILI-associated days of absenteeism during 

observation period. Adjusted for study year (2012–2013; 2013–2014; 2014–2015), sex of 

participants, number of children <5 years of age at home, age, reported exposure to patients 

with symptomatic respiratory illness in workplace, and work at mandatory or mandatory 

vaccination policy at workplace. (Panel E) Adjusted relative rate of SILI-associated days of 

absenteeism during observation period in study participants at the sites without a mandatory 

vaccination policy. Adjusted for study year (2012–2013; 2013–2014; 2014–2015), sex of 

participants, number of children <5 years of age at home, age, and reported exposure to 

patients with symptomatic respiratory illness in the workplace. In all panels, dot represents 

the point estimate, whiskers the 95% confidence intervals.
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TABLE 5.

Unadjusted Sick Day Ratio of Influenza Vaccinated and Nonvaccinated ResPECT Participants

VRI Season
CDC Estimated Influenza Vaccine Efficacy for 

the Season, %39 Vaccinated Subjects, No. (SDR) Unvaccinated Subjects, No. (SDR)

2012–2013 49 930 (0.62) 143 (1.03)

2013–2014 52 1,127 (0.58) 248 (1.00)

2014–2015 19 1,242 (0.60) 373 (0.66)

NOTE. VRI, viral respiratory illness, SDR, sick day ratio; HCP, healthcare personnel. Poisson regression was used to test the effects of vaccination 
on the number of sick days reported with year included as a covariate. The vaccinated HCP were estimated to have a 3-year mean reduction of 29% 
in absenteeism rate compared to unvaccinated HCP (relative rate, 0.71; 95% CI, 0.67–0.74; P ≤ .001).
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