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Voluntary social distancing measures, such as
encouraging sick people to stay home from
work, are powerful tools for controlling spread
during a contagious disease outbreak.1 For
example, the Centers for Disease Control and
Prevention recommends that people with inﬂuenza stay home for 24 hours after their fever
has resolved.2 However, not everyone is able to
adhere to these recommendations: 42% of
workers would not get paid if they stayed home
when ill.3 Willingness to stay home when ill
may thus be correlated with access to paid sick
days (PSDs).4---6 In the United States, the Bureau
of Labor Statistics reports that 33% of the
civilian workforce lacked PSDs in 2010 and that
access to PSDs varies depending on workplace
size and wage level. Access to PSDs ranged from
53% in workplaces with fewer than 50 employees to 85% in workplaces with 500 or more
employees and from 35% in the lowest wage
quartile to 87% in the highest quartile.7
Unequal access to PSDs has been hypothesized to be a source of health disparities in the
workplace. Blumenshine et al.8 proposed
a model in 2008 that predicted that social
determinants, including inability to take time
off from work, could result in unequal levels of
illness and death during an inﬂuenza pandemic. They hypothesized that staying away
from work, if employed as a social distancing
policy during a pandemic, was likely to be more
difﬁcult for lower-wage workers, as they would
be less able to afford losing income. Those
who lack PSDs at work may be at higher risk
for exposure owing to colleagues not staying
home when ill.9 Presenteeism (going to work or
school when ill) leads to further spread of
illness by infectious people. Employees who
lack PSDs may go to work ill, leading to the
spread of infection at work. However, the
number of cases expected owing to presenteeism among employees has not previously been
examined to our knowledge.
In the 2009 H1N1 pandemic, risk of exposure owing to work-related inability to engage

Objectives. We examined the impact of access to paid sick days (PSDs) and
stay-at-home behavior on the influenza attack rate in workplaces.
Methods. We used an agent-based model of Allegheny County, Pennsylvania,
with PSD data from the US Bureau of Labor Statistics, standard influenza
epidemic parameters, and the probability of staying home when ill. We
compared the influenza attack rate among employees resulting from workplace
transmission, focusing on the effects of presenteeism (going to work when ill).
Results. In a simulated influenza epidemic (R0 = 1.4), the attack rate among
employees owing to workplace transmission was 11.54%. A large proportion
(72.00%) of this attack rate resulted from exposure to employees engaging in
presenteeism. Universal PSDs reduced workplace infections by 5.86%. Providing
1 or 2 “flu days”—allowing employees with influenza to stay home—reduced
workplace infections by 25.33% and 39.22%, respectively.
Conclusions. PSDs reduce influenza transmission owing to presenteeism and,
hence, the burden of influenza illness in workplaces. (Am J Public Health. 2013;
103:1406–1411. doi:10.2105/AJPH.2013.301269)

in social distancing was signiﬁcantly related to
race and ethnicity.5 Furthermore, those who
reported work-related barriers to social distancing, including lack of access to sick leave,
had 1.08 times higher odds (P < .01) of selfreported inﬂuenza-like illness incidence compared with those who were able to engage in
social distancing.4 Recent research has shown
that independent of infectious disease spread in
the workplace, nonfatal occupational injuries
occurred at a higher rate among those without
access to PSDs than among those with access
to PSDs.10
Bills under consideration at multiple levels—
city and state legislatures—propose providing
access to PSDs for employees.11 Health impact
assessments of such PSD policies have hypothesized that they would reduce workplace contagion because ill workers would stay home
from work, thus reducing workplace transmission.9,12,13 These assessments did not account
for the nonlinearity in infectious disease spread
(each infected person can infect multiple contacts, resulting in an exponential increase in
attack rate over time) or the multiple locations in
which contacts can occur (households, schools,
workplaces, neighborhoods).
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We examined the impact of access to PSDs
on inﬂuenza incidence using an agent-based
model. In an agent-based model, each individual in a population is represented along with
the individual’s social contact networks in
households, schools, workplaces, and neighborhoods. Such a model thus permits an
examination of transmission patterns in these
locations. Infectious disease researchers have
used agent-based models extensively to quantify policy impacts, including studies
that examine the effects of vaccination and
school closure policies during an inﬂuenza
pandemic on disease outcomes at the overall
population level.14---18 However, previous models
have not examined the determinants of behavior but, instead, have usually assumed certain
levels of compliance in the population.14---18
Agent-based modeling remains fairly novel
among health behavior researchers studying the
impact of access to resources on behavior,
disease, and disparities in outcomes.19---22
We examined the impact of a universal PSD
policy and alternative interventions aimed at
increasing voluntary social distancing behavior
by asking the following questions: How much
does presenteeism contribute to disease
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transmission in the workplace? What proportion of transmission owing to presenteeism is
from those without access to PSD? How many
cases of inﬂuenza would a universal PSD policy
prevent? Would alternative interventions to
increase the number of days spent at home
when ill have an impact on reducing workplace
contagion? In keeping with calls for equityfocused health impact assessments,23,24 we
have reported the effect of policies and interventions on health equity in the workplace.

METHODS
We used an open-source, agent-based
modeling platform called FRED (Framework
for Reconstructing Epidemic Dynamics),25 an
updated version of the epidemic model used
in previous pandemic intervention studies.17,18
FRED uses synthetic populations (county,
state, national) on the basis of data from the
American Community Survey, LandScan USA
data, and census aggregated data.26 Using
FRED, we mapped each household, school,
and workplace to a speciﬁc geographic location and assigned agents to schools or workplaces on the basis of location, size of school
or workplace, and commuting patterns.26
Each agent has a set of sociodemographic
characteristics, including age, gender, race,
employment status, household income, and
household location. Health information (including current health status, date of infection,
presence of symptoms, infectiousness, and
susceptibility) is associated with each agent in
FRED. During each simulated day, agents
interacted with other agents who shared the
same social activity locations and had a probability of disease transmission on the basis
of parameters from published studies.27 We
used the synthetic population of Allegheny
County, Pennsylvania, (which included 1242 755
simulated individuals living in and around the
city of Pittsburgh) in this study. We assumed
complete susceptibility to inﬂuenza infection in
the population, as may be expected with a pandemic inﬂuenza strain.

Behavioral Parameters
For our model, we assumed that employees’
access to PSDs depended on the size of their
workplace, in accordance with data from the
National Compensation Survey, 2010.7 Thus,

inﬂuenza. This policy was aimed at increasing
the number of days employees spend at home
when ill with inﬂuenza (rather than the proportion of employees who stay home from
work when ill). As in the baseline scenario, we
assumed that 72% of employees who had
access to PSDs and 52% of employees who did
not have access to PSDs stayed home when
sick, but those who did stay home now spent
2.7 days (under the 1 ﬂu day scenario) or 3.7
days (under the 2 ﬂu days scenario) at home
rather than the baseline 1.7 days. We retained
the assumption that 28% of employees,
whether having access to PSDs or not, continued to go to work when ill even when given ﬂu
days to reﬂect the fact that factors other than
access to PSDs30 affect the decision to stay
home when ill. Finally, we assumed that the
remaining 20% of employees who did not have
access to PSDs now stayed home for 1 day
(under the 1 ﬂu day scenario) or 2 days (under
the 2 ﬂu days scenario) when ill with inﬂuenza
(Table 1).
We applied all scenarios to the same synthetic population in Allegheny County. Employment status for a given individual was
constant over all runs. For each run, we determined an employee’s probability of having
PSDs from the employee’s workplace size.
We seeded the epidemic using random individuals, and, hence, the exact individuals who
became sick differed from run to run. Thus, an
employee’s decision to stay home was probabilistic from run to run. We performed multiple

the percentage of employees with access to
PSDs was 53% in workplaces with 2 to 49
employees, 58% in workplaces with 50 to 99
employees, 70% in workplaces with 100 to
499 employees, and 85% in workplaces with
500 or more employees.7 Table 1 outlines the
behavioral parameters used in the model.
The baseline scenario of the model corresponded to current workplace patterns of
employees’ stay-at-home behavior. In this
baseline scenario, 72% of employees who had
access to PSDs28 and 52% of those without
PSDs29 stayed home when ill with inﬂuenza. In
both cases, we assumed that sick employees
stayed home for 1.7 days on average28 and did
not interact with others in the community while
conﬁned to the home. We counted cases that
resulted from exposure at work as cases owing
to workplace transmission. We counted
cases that resulted from exposure to a symptomatic, infectious co-worker as cases owing
to presenteeism.
We compared the baseline scenario against
2 other scenarios using the model. In the
“universal PSDs” scenario, we assumed that all
employees had access to PSDs and, hence,
behaved as those with access to PSDs did in the
baseline condition: 72% stayed home for 1.7
days on average when ill with inﬂuenza. In the
“ﬂu days” scenario, we examined the impact of
a hypothetical intervention in which all employees (regardless of access to PSDs) had
access to 1 or 2 “ﬂu days”—days they could stay
home from work and be paid if ill with

TABLE 1—Behavioral Parameters Used in the Baseline, Universal PSDs, 1 Flu Day, and 2 Flu
Days Model Scenarios: Allegheny County, PA
Agent Characteristic/Parameter

Baseline

Universal PSDs
Scenario

1 Flu Day Scenario

2 Flu Days Scenario

With PSDs
% stay home

72

72

72

72

Average days at home

1.7

1.7

2.7

3.7

52
1.7

N/A
N/A

72
52 (2.7), 20 (1.0)a

72
52 (3.7), 20 (2.0)b

No PSDs
% stay home
Average days at home, % (no.)

Note. PSD = paid sick day. For any scenario, we assumed that a maximum of 72% (rather than 100%) of employees stayed
home to reflect the fact that factors other than access to PSDs affect the decision to stay home when ill. We can expect some
percentage of employees (28% in our model) to go to work ill even when given PSDs or flu days.
a
52% of those without PSD stayed home for 2.7 days on average and an additional 20% stayed home for 1 day on average.
b
52% of those without PSD stayed home for 3.7 days on average and an additional 20% stayed home for 2 days on average.
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runs of the simulation for each scenario to
gather population-level statistics.

15

Epidemiological and Statistical
Calculations

12

RESULTS
In a simulated epidemic with an inﬂuenza
virus with R0 = 1.4, the attack rate among
employed adults owing to workplace transmission was 11.54% (95% CI = 11.50, 11.57). On
average, there were 66 444 infections overall
owing to workplace transmission, including
47 768 infections owing to presenteeism among
575 866 employees in Allegheny County. The
attack rate (owing to workplace transmission) in
each workplace size category is shown in Figure
1. Under this baseline condition, an employee
had 1.17 times higher odds of being infected by
someone without PSDs engaging in presenteeism than of being infected by someone with
PSDs engaging in presenteeism (95% CI = 1.13,
1.21), suggesting that providing universal access
to PSDs could affect the workplace inﬂuenza
attack rate by decreasing presenteeism.

Universal Paid Sick Days Scenario
Under the assumption that all employees
had access to PSDs, the overall attack rate

Attack Rate

We ran the model 50 times for each scenario to get reliable, population-level estimates;
the time horizon for the model was 100 days,
long enough to cover the epidemic outbreak.
We averaged the cumulative number of employees infected in each workplace size category—2 to 49, 50 to 99, 100 to 499, and 500
or more employees—over the 50 runs to get an
estimate of the proportion of employees
infected owing to transmission in the workplace over the course of the epidemic (attack
rate). We have reported SDs over the 50 runs.
We used the ﬁnal number of infections owing
to transmission in workplaces, infections owing
to presenteeism, and infections caused by
symptomatic and asymptomatic workers to
calculate odds ratios (ORs). We considered
a P value < .05 to be statistically signiﬁcant.
We performed sensitivity analyses by examining
the attack rate owing to workplace transmission
and presenteeism in response to changes in the
value of 1 parameter while holding all other
parameters at the baseline value.

Baseline

Universal access

1 Flu day

2 Flu days

9

6

3

0

2–49

50–99

100–499

≥ 500

Workplace Size, No. Employees
Note. Averages over 50 model runs for baseline, universal access to paid sick days, 1 flu day, and 2 flu day scenarios are
shown. Error bars reflect SD from the average.

FIGURE 1—Percentage of employees infected owing to workplace transmission in workplaces
in each size category: Allegheny County, PA.

among employees owing to workplace transmission was 10.86% (95% CI = 10.83, 10.89).
There were 62 548 infections owing to workplace transmission among employed adults.
Thus, a universal PSD policy resulted in 3896
fewer infections owing to workplace transmission (i.e., a 5.86% decrease in attack rate in the
workplace) including 3530 fewer infections
owing to presenteeism (i.e., a 7.39% decrease)
compared with the baseline scenario. The
attack rate (owing to workplace transmission)
in each workplace size category is shown in
Figure 1. Workplaces with 2 to 49 employees
had a 7.24% decrease in infections, workplaces
with 50 to 99 employees had a 6.80% decrease, workplaces with 100 to 499 employees
had a 5.18% decrease, and workplaces with
500 or more employees had a 3.34% decrease
in infections owing to workplace transmission
under a universal PSD policy compared with
the baseline scenario.

Flu Days Scenarios
The ﬂu days policy allowed employees to
stay home from work for 1 or 2 additional
PSDs when ill with inﬂuenza. When employees
had access to 1 ﬂu day, the overall attack rate
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among employees owing to workplace transmission was reduced from 11.54% in the
baseline scenario to 8.62% (95% CI = 8.59,
8.64). There were 49 611 infections owing to
workplace transmission among employees.
Thus, a 1 ﬂu day policy resulted in 16 833
fewer infections owing to workplace transmission (i.e., a 25.33% decrease), including 15 182
fewer infections owing to presenteeism (i.e., a
31.78% decrease) compared with the baseline.
The attack rate owing to workplace transmission in each workplace size category is shown
in Figure 1. Workplaces with 2 to 49 employees had a 24.66% decrease, 50 to 99
employee workplaces had a 24.93% decrease,
100 to 499 employee workplaces had a
25.76% decrease, and workplaces with 500
or more employees had a 26.42% decrease
in infections owing to workplace transmission
from a 1 ﬂu day policy.
When employees had access to 2 ﬂu days,
the overall attack rate owing to workplace
transmission among employees was 7.01%
(95% CI = 6.98, 7.04). There were 40 385
cases owing to workplace transmission, that
is 26 059 fewer cases (a 39.22% decrease)
including 23 427 fewer cases owing to
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1.5

1.4

1.3

Odds Ratio

presenteeism (a 49.04% decrease) compared
with the baseline scenario. The attack rate
owing to workplace transmission in each
workplace size category is shown in Figure 1.
Workplaces with 2 to 49 employees had
a 38.38% decrease, 50 to 99 employee
workplaces had a 39.01% decrease, 100 to
499 employee workplaces had a 39.39% decrease, and workplaces with 500 or more
employees had a 40.77% decrease in attack
rate owing to workplace transmission from a 2
ﬂu days policy.

Equity Assessment of Interventions
Whereas a universal PSD policy would
remove the inequity in access to PSDs among
employees, the same is not true for an intervention granting ﬂu days, assuming that
employees receive ﬂu days over and above any
PSDs they may already have access to. We
therefore examined the impact of providing ﬂu
days on the odds of being infected owing to
presenteeism by someone without access
to PSDs compared with someone with access to
PSDs. We found that an employee’s odds of
being infected by someone without PSDs engaging in presenteeism compared with the odds
of being infected by someone with PSDs
engaging in presenteeism increased from 1.17
(95% CI = 1.13, 1.21) in the baseline scenario
to 1.27 (95% CI = 1.23, 1.32) when employees had access to 1 ﬂu day (P < .001) and
to 1.35 (95% CI = 1.29, 1.41) when employees had access to 2 ﬂu days (P < .001;
Figure 2).
Compared with the baseline scenario in
which 39.01% of infections resulting from
presenteeism were caused by those without
access to PSDs, 41.14% of infections resulting
from presenteeism were caused by those without
access to PSDs under the 1 ﬂu day policy, and
42.57% of infections resulting from presenteeism were caused by those without access to PSDs
under a 2 ﬂu days policy. Thus, compared with
the baseline condition, ﬂu day policies resulted
in those without PSDs contributing a greater
proportion of inﬂuenza transmission in the
workplace than did those with PSDs.

Sensitivity Analyses
Figure 3 presents the sensitivity of workplace inﬂuenza attack rate to the reproductive
rate, R0, and behavioral parameters

1.2

1.1

1
Baseline

1 Flu day

2 Flu days

Scenario
Note. Whiskers indicate standard deviation from the average.

FIGURE 2—Odds ratio of being infected by workplace transmission owing to presenteeism by
those without access to paid sick days compared with those with paid sick days in the
baseline, 1 flu day, and 2 flu day scenarios: Allegheny County, PA.

(proportion of employees with and without
PSDs who stay home from work when ill and
the number of days spent away from work).
Workplace attack rate is highly sensitive to
virus R0, as expected (Figure 3a). Increases
(and decreases) in the proportion of employees
who stay home from work if ill (with or without
access to PSDs) had a somewhat small impact
on attack rate; for example, a 10 percentagepoint increase in the proportion of those with
PSDs who stayed home from work decreased
the attack rate by 0.64% (Figure 3b). Increasing the number of days that employees with
inﬂuenza spend at home by 0.7 days (17% of
the average 4.1-day inﬂuenza infectious period) compared with baseline decreased the
attack rate by 2.02% (Figure 3d).

an alternative intervention (ﬂu days) aimed at
increasing time spent away from work when ill
would reduce infections in the workplace by
25.33% (1 ﬂu day) or 39.22% (2 ﬂu days)
compared with baseline. Employees staying
home from work when symptomatic with inﬂuenza, that is, a reduction in presenteeism,
drove the reduction in attack rate in all 3
scenarios. In contrast to universal PSDs, which
would result in a higher percentage reduction
in the attack rate in small workplaces, ﬂu days
would cause greater reductions in the attack
rate in large workplaces. Simulated inﬂuenza
attack rates in the workplace were sensitive to
increases in the proportion of people (with and
without PSD) staying home when ill as well as
to an increase in the time spent away from
work.

DISCUSSION
Limitations
This is the ﬁrst study to our knowledge to
employ modeling to assess the impact of a universal PSD policy on infectious disease transmission in the workplace. Our results show that
universal access to PSDs would reduce inﬂuenza infections in the workplace by 5.86%, and
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The current model made several simplifying assumptions that should be explored in
further research. One limitation in our model
is the assumption of complete mixing in a
given workplace. Research has shown that
networks in workplaces are characterized by
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a

b
30

Attack Rate

Attack Rate

30
20
10
0

1.4

1.6

2.0

20
10
0

3.0

67

R0

Total infections

c

77

82

Infections from presenteeism

d
30

Attack Rate

30

Attack Rate

72

Employees With PSD
Who Stay Home, %

20
10
0

42

47

52

20
10
0

57

Employees Without PSD
Who Stay Home, %

1

1.7

2.4

3.1

Stay at Home Days, No.

Note. PSD = paid sick day.

FIGURE 3—Sensitivity of percentage of employees infected during the epidemic owing to
workplace transmission and percentage infected owing to presenteeism to (a) reproductive
rate (R0), (b) percentage of employees with paid sick days who stay home from work when ill,
(c) percentage of employees without PSDs who stay home from work when ill, (d) and
number of days spent at home on average when sick with influenza: Allegheny County, PA.
high levels of clustering,31---33 suggesting that
although infectious disease may not spread
rapidly throughout a workplace, infection may
occur in clusters of employees. Research on
homophily in organizations suggests that
assortative mixing may occur by race/ethnicity
and gender.34---36 It is not known whether
employees engage in assortative mixing in the
workplace by access to PSDs. Under the ﬂu
day policies modeled here, employees were
more likely to be infected by those without
PSDs than by those with PSDs; if the recipients
of this infection also lack PSDs (or share
attributes such as income level or race with
the infector), disparities in infection could
result. For future studies, it may therefore be
important to gather empirical estimates of
workplace encounter networks—especially by
socioeconomic factors such as income and
social class—to allow an examination of

potential infection clusters in workplaces, that
is, not only who contributes to transmission in
the workplace but also who the recipients of
inﬂuenza transmission are.
Under our assumptions of stay-at-home behavior among employees (72% stay home when
ill if they have access to PSDs; 52% without
access stay home when ill; duration of staying
home is 1.7 days on average), a universal PSD
policy would reduce the attack rate owing to
workplace transmission by 5.86% compared
with baseline. Yet, in removing disparities in
access to PSDs, a universal PSD policy could
pave the way for more effective interventions
(e. g., access to ﬂu days) to have a more equitable
impact on reducing inﬂuenza burden among
employees. Furthermore, the impact of a universal PSD policy was inversely related to
workplace size. Small workplaces, which have
lower baseline levels of access to PSDs, would
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have a larger reduction in workplace infections
than would larger workplaces.
In our sensitivity analyses, there was a
larger reduction in the number of workplace
infections in response to increases in the
number of days that employees stay home
when ill than to increases in the proportion
of people staying home. Recent research on
the impact of the paid family leave act in
California shows that rates of family leave
usage increased in response to the new law
even in workplaces that previously made
family leave available to employees.37 This
suggests that a public endorsement for paid
leave could change the social norm, resulting
in an increase in rates of leave usage even
among those who had access before policy
enactment. In the case of a universal PSD law,
people who did not previously have access
to PSDs would be more likely to stay home
when ill when they receive access to PSDs, but
such a policy may lead to an increase in the
proportion of people who stay home when
ill even among those who previously had
access to PSDs. Thus, ﬂu days and health
education campaigns to increase time spent
away from work when ill with inﬂuenza, in
conjunction with universal access to PSDs,
may have the largest impact on reducing
overall workplace infection rates. Future research should examine the economic impacts
of a universal PSD policy as well as additional
impacts such as the attack rate in schools,
which may change as a result of employed
parents’ ability to stay home from work and
keep ill children home from school.

Conclusions
Multiple factors—including cognitive factors
such as guilt associated with missing work and
concern about work not getting done as well
as social determinants such as job security and
access to PSDs3,6,30,38—affect employees’ decision to stay home from work when experiencing inﬂuenza-like illness symptoms. We
focused on access to PSDs to understand its
contribution to this important behavior and to
the subsequent spread of inﬂuenza-like illness
in the workplace. Future research should examine the interaction between individual-level
cognitive factors (e.g., worker attitudes
toward staying home from work when ill) and
contextual factors (e.g., availability of PSDs in
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the workplace and managerial and peer attitudes toward utilization of PSD) in relation to
voluntary stay-at-home behavior among
employed adults. j
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