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Through the use of published estimates of medical costs
and new calculations of productivity losses, we estimate
the lifetime economic burden of 2014 Legionnaires’ dis-
ease cases in the United States at ~$835 million. This
total includes $21 million in productivity losses caused
by absenteeism and $412 million in productivity losses
caused by premature deaths.

egionnaires” disease is a severe form of pneumonia

that often results in hospitalization (1). The disease
is caused by the Legionella bacteria, which can grow and
spread in poorly maintained manmade water systems
and can then be inhaled in aerosolized water droplets.
In the United States, reported cases of Legionnaires’
disease have been increasing since 2000, yet evidence
suggests that many outbreaks are related to failures in
building water system maintenance and might be pre-
ventable (2). Estimates of costs associated with Legion-
naires” disease could help inform prevention efforts.

A recent estimate of the direct medical costs im-
posed by domestically acquired Legionnaires’ disease
in 2014 included $402 million in costs incurred as a
result of hospitalizations and emergency department
(ED) visits (1). Previous studies have not estimated
productivity losses caused by Legionnaires’ disease.

We estimate productivity losses caused by absen-
teeism and premature deaths. These amounts, when
combined with existing estimates of medical costs,
provide a more comprehensive estimate of the life-
time economic impact of Legionnaires” disease in the
United States for 2014.

The Study

The analysis estimates the lifetime cost of illness of
2014 Legionnaires’ disease cases in the United States
by including direct medical costs and indirect costs,
measured in terms of productivity losses caused by
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absenteeism and premature deaths. Intangible costs
(e.g., pain and suffering) are not included. The esti-
mate draws on secondary data from published, peer-
reviewed literature and surveillance data (Table 1).
All costs are reported in 2014 US dollars.

The estimates (and range) of the incidence, health-
care utilization, and medical costs of Legionnaires’
disease for 2014 were drawn from published sources
(1). We used estimates of waterborne and domesti-
cally acquired cases, hospitalizations, and deaths. We
assumed all Legionnaires’ disease deaths occurred
in hospitalized patients and estimated the associated
costs, which comprise medical expenses and produc-
tivity losses caused by premature death. The costs as-
sociated with nonfatal hospitalized patients included
medical expenses and productivity losses caused by
workdays lost because of hospitalization and the sub-
sequent recovery period.

The human capital approach, frequently used in
cost-of-illness analysis, was used to value productivity
losses (i.e., costs of time lost from productive activities)
caused by illness and premature death (7). Productiv-
ity loss for nonfatal cases requiring hospitalization was
estimated as the product of workdays lost per case and
the average daily wage rate, among the cases occurring
in the working-age population (Table 1). We valued
lost workdays by using an average hourly wage rate
of $22.71 for 2014 and doubled that rate to account for
benefits and overhead (4). We assumed that 60% of non-
fatal cases requiring hospitalization occurred among
working-age persons, on the basis of the age distribu-
tion of case-patients from the Centers for Disease Con-
trol and Prevention’s Active Bacterial Core surveillance
program (ABCs) during 2011-2015 (3). We calculated
the range by using the 5th and 95th credible interval of
cases (1) and the low and high range for workdays lost.

Productivity losses caused by premature death
were calculated by using age-specific estimates of fu-
ture lifetime earnings, which included market earnings
and the value of household services (5). Estimates of
earnings were discounted at 3% to account for losses
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DISPATCHES

Table 1. Inputs used to estimate economic burden of Legionnaires’ disease, United States, 2014*

Input

Value (range)

Source

Cases of Legionnaires’ diseases, no.

Hospitalizations, no.

Workdays lost per hospitalization. no.

Proportion of hospitalized cases occurring among
working-age patients, %
Loss per day because of absenteeism, USD

Deaths, no.

Value per premature death (weighed average), USD

11,000 (7,430-13,300)

10,800 (7,280-13,100)

995 (655-1,310)

$413,727

Collier et al. (1), Table 1, domestically
acquired waterborne cases
Collier et al. (1), Table 2, domestically
acquired waterborne cases requiring
hospitalization

10 (8-12) ABCs 2011-2015 (3), length of stay (6 d),
plus assumed additional prior to
hospitalization and for recovery (4 d), minus
weekend (2 d). Range assumed.
60 ABCs 2011-2015 (3)
$363 National Occupational Employment and

Wage Estimates, Bureau of Labor Statistics
hourly earnings for all occupations, 2014 (4)
Collier et al. (1), Table 2, fatal, domestically
acquired, waterborne cases
Grosse et al. (5),1 updated to 2014 USD by
using employment cost index (6)

*ABCs, Active Bacterial Core surveillance; USD, 2014 US dollars.

TWe used the estimates of the present value of lifetime production, which were discounted at 3%.

incurred in future years. Earnings were updated to 2014
dollars according to the Bureau of Labor Statistics” em-
ployment cost index (6). We calculated the proportion of
deaths by age category on the basis of data from ABCs
during 2011-2015 (3). Deaths with no age reported were
valued at the lowest estimates (i.e., equivalent to a death
of a person >80 years of age). We calculated the range
by using the 5th and 95th credible interval of deaths ().

Table 2 shows the lifetime costs associated with
Legionnaires” disease. An estimated 5,183/8,639
nonfatal cases in hospitalized working-age patients
resulted in 59,540 workdays lost and $21.3 million
in productivity losses. In addition, the 995 premature
deaths caused by Legionnaires” disease resulted in
an estimated $412 million in productivity losses. Col-
lier et al. (1) estimated approximately $402 million in
medical expenses incurred as a result of hospitaliza-
tions ($401.0 million) and ED visits ($0.5 million). The
estimated total lifetime cost of illness associated with
an estimated 11,000 domestically acquired cases of
Legionnaires’ disease in 2014 is $835 million (range
$362 million-$2.263 billion).

These estimates depend directly on the rate and
age distribution of fatalities. Although half of fatal
cases occurred in persons >65 years of age, 74% of the
total productivity losses caused by premature deaths
were for patients <65 years of age, because future

lifetime earnings decrease with age. Also, age was
not reported in ABCs for 13% of fatal cases, and pro-
ductivity losses for estimated fatal cases were valued
conservatively (i.e., equivalent to a death occurring in
a person >80 years of age). Productivity losses caused
by premature deaths might be greater if these deaths
occurred among younger persons.

Conclusions

Productivity losses caused by Legionnaires’ disease
account for just more than half of its lifetime eco-
nomic burden, almost all of which (95%) is caused by
productivity losses from premature deaths. The hu-
man capital approach used in this analysis provides
a conservative estimate of the disease’s indirect costs
because it only accounts for productivity losses in its
cost estimate of lost workdays and premature deaths.
An alternative approach is to estimate the indirect
costs of illness and death in terms of societal value or
willingness to pay for averting them. This approach
would also include such intangible costs as pain and
suffering. For illustration, calculated at a constant
value of $9.3 million/death, the economic value of
the 995 deaths from Legionnaires’ disease cases in
2014 would be $9.3 billion (8). This approach is most
commonly used in cost-benefit analyses to consider
tradeoffs between the societal benefits of a policy,

Table 2. Economic burden of Legionnaires’ disease, United States, 2014

Type of cost

Estimate (range)

Medical costs (1) for estimate and range
Productivity losses from workdays lost*
Productivity losses from premature deaths
Total economic burden

$402 million ($80-$1,690 million)
$21,634,454 ($11-$31 million)
$411,658,786 ($271-$542 million)
$835,035,255 ($362-$2,263 million)

*Productivity losses from workdays lost were calculated among nonfatal cases requiring hospitalization (10,800 patients — 995 deaths = 9,805 nonfatal
cases requiring hospitalization), of which 60% are assumed to be among working-age persons (5,883). Each hospitalized patient is assumed to lose 10
workdays because of hospitalization (5883 x 10 = 58,830 workdays lost); each workday is valued at $363.36.
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including the value society places on fewer deaths,
and the costs of implementing a policy.

Our analysis is subject to several limitations. Key
limitations that apply to the case-number estimate (1)
will also apply here, such as reliance on a series of
multipliers, including some generated by structured
expert judgment, and lack of information on sensitiv-
ity of the urinary antigen test for all Legionella species
and serogroups. We excluded some costs because of
lack of available data. However, because estimates
suggest that >90% of persons with Legionnaires” dis-
ease are hospitalized or treated in the ED (1), these
excluded costs (e.g., outpatient non-ED medical ex-
penses and workdays lost for persons who are not
hospitalized) are likely small. In addition, we esti-
mated the economic value of workdays lost for all
nonfatal cases occurring among working-age per-
sons; however, whether all persons who contracted
Legionnaires” disease were employed is unknown, so
the financial costs incurred might be lower.

In conclusion, our analysis indicates that the eco-
nomic burden of Legionnaires’ disease more than
doubles when lifetime productivity losses are added
to medical costs. Our estimate can help demonstrate
the value of investments in preventing Legionnaires’
disease, such as water management programs and
outbreak investigations.

About the Author

Dr. Baker-Goering is an economist in the Division of
Global HIV and TB in the Center for Global Health at the
Centers for Disease Control and Prevention, Atlanta. Her
research interests include public health economics,
behavioral economics, environmental economics, and
impact evaluation.

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 27, No. 1, January 2021

Economic Burden of Legionnaires’ Disease, USA, 2014

References

1. Collier SA, Deng L, Adam EA, Benedict KM, Beshearse EM,
Blackstock AJ, et al. Estimate of burden and direct healthcare
cost of infectious waterborne disease in the United States.
Emerg Infect Dis. 2021;27:140-9.

2. Garrison LE, Kunz JM, Cooley LA, Moore MR, Lucas C,
Schrag S, et al. Vital signs: deficiencies in environmental
control identified in outbreaks of Legionnaires’ disease —
North America, 2000-2014. MMWR Morb Mortal Wkly Rep.
2016;65:576-84. https:/ / doi.org/10.15585/ mmwr.mm6522el

3. Dooling KL, Toews KA, Hicks LA, Garrison LE, Bachaus B,
Zansky S, et al. Active Bacterial Core surveillance for
legionellosis — United States, 2011-2013. MMWR Morb
Mortal Wkly Rep. 2015;64:1190-3. https:/ /doi.org/10.15585/
mmwr.mm6442a2

4. Bureau of Labor Statistics. May 2014 National Occupational
Employment and Wage Estimates United States.
Washington: US Department of Labor; March 2015 [cited
2018 Apr 12]. https:/ /www.bls.gov/oes/2014/may/
oes_nat.htm#00-0000<

5. Grosse SD, Krueger KV, Mvundura M. Economic
productivity by age and sex: 2007 estimates for the United
States. Med Care. 2009;47(Suppl 1):594-103. https:/ /doi.org/
10.1097/MLR.0b013e31819c¢9571

6. Bureau of Labor Statistics. Employment cost index historical
listing V3. Current dollar, March 2001-September 2017. Table
4: employment cost index for total compensation, for civilian
workers, by occupation and industry. Washington: US
Department of Labor; April 2018 [cited 2018 Apr 12].
https:/ /www.bls.gov/web/eci/echistrynaics.pdf

7. Zhang W, Bansback N, Anis AH. Measuring and valuing
productivity loss due to poor health: a critical review. Soc Sci
Med. 2011;72:185-92. https:/ /doi.org/10.1016/
j.socscimed.2010.10.026

8. Office of the Assistant Secretary for Planning and Evaluation.
Guidelines for regulatory impact analysis. Washington: US
Department of Health and Human Services; 2016 [cited 2018
Apr 12]. https:/ /aspe.hhs.gov/system/files / pdf/242926/
HHS_RIAGuidance.pdf

Address for correspondence: Madeleine M. Baker-Goering, 1600
Clifton Rd NE, Mailstop D-28, Atlanta, GA 30329-4027, USA;
email: wqf3@cdc.gov

257



