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Rather than thinking only about saving the
most lives when considering vaccine rationing
strategies, a better approach would be to
maximize individuals’ life span and
opportunity to reach life goals.

Who Should Get Influenza Vaccine

When Not All Can?
Ezekiel J. Emanuel* and Alan Wertheimer

PUBLIC HEALTH

T
he potential threat of pandemic influenza

is staggering: 1.9 million deaths, 90 mil-

lion people sick, and nearly 10 million

people hospitalized, with almost 1.5 million

requiring intensive-care units (ICUs) in the

United States (1). The National Vaccine Advisory

Committee (NVAC) and the Advisory Com-

mittee on Immunization Policy (ACIP) have

jointly recommended a prioritization scheme that

places vaccine workers, health-care providers,

and the ill elderly at the top, and healthy people

aged 2 to 64 at the very bottom, even under

embalmers (1) (see table on page 855). The pri-

mary goal informing the recommendation was to

“decrease health impacts including severe mor-

bidity and death”; a secondary goal was minimiz-

ing societal and economic impacts (1). As the

NVAC and ACIP acknowledge, such important

policy decisions require broad national discus-

sion. In this spirit, we believe an alternative ethi-

cal framework should be considered. 

The Inescapability of Rationing

Because of current uncertainty of its value, only

“a limited amount of avian influenza A (H5N1)

vaccine is being stockpiled” (1). Furthermore, it

will take at least 4 months from identification of

a candidate vaccine strain until production of

the very first vaccine (1). At present, there are

few production facilities worldwide that make

influenza vaccine, and only one completely in

the USA. Global capacity for influenza vaccine

production is just 425 million doses per annum,

if all available factories would run at full capac-

ity after a vaccine was developed. Under cur-

rently existing capabilities for manufacturing

vaccine, it is likely that more than 90% of the

U.S. population will not be vaccinated in the

first year (1). Distributing the limited supply

will require determining priority groups.

Who will be at highest risk? Our experience

with three influenza pandemics presents a com-

plex picture. The mortality profile of a future

pandemic could be U-shaped, as it was in the

mild-to-moderate pandemics of 1957 and 1968

and interpandemic influenza seasons, in which

the very young and the old are at highest risk.

Or, the mortality profile could be an attenuated

W shape, as it was during the devastating 1918

pandemic, in which the highest risk occurred

among people between 20 and 40 years of age,

while the elderly were not at high excess risk

(2, 3). Even during pandemics, the elderly

appear to be at no higher risk than during inter-

pandemic influenza seasons (4). 

Clear ethical justification for vaccine prior-

ities is essential to the acceptability of the pri-

ority ranking and any modifications during the

pandemic. With limited vaccine supply, uncer-

tainty over who will be at highest risk of infec-

tion and complications, and questions about

which historic pandemic experience is most

applicable, society faces a fundamental ethical

dilemma: Who should get the vaccine first?

The NVAC and ACIP Priority Rankings

Many potential ethical principles for rationing

health care have been proposed. “Save the most

lives” is commonly used in emergencies, such

as burning buildings, although “women and

children first” played a role on the Titanic. “First

come, first served” operates in other emergen-

cies and in ICUs when admitted patients retain

beds despite the presentation of another patient

who is equally or even more sick; “Save the

most quality life years” is central to cost-effec-

tiveness rationing. “Save the worst-off ”

plays a role in allocating organs for transplan-

tation. “Reciprocity”—giving priority to people

willing to donate their own organs—has been

proposed. “Save those most likely to fully

recover” guided priorities for giving penicillin

to soldiers with syphilis in World War II. Save

those “instrumental in making society flourish”

through economic productivity or by “con-

tributing to the well-being of others” has been

proposed by Murray and others (5, 6).

The save-the-most-lives principle was

invoked by NVAC and ACIP. It justifies giving

top priority to workers engaged in vaccine pro-

duction and distribution and health-care work-

ers. They get higher priority not because they

are intrinsically more valuable people or of

greater “social worth,” but because giving them

first priority ensures that maximal life-saving

vaccine is produced and so that health care is

provided to the sick (7). Consequently, it values

all human life equally, giving every person

equal consideration in who gets priority regard-

less of age, disability, social class, or employ-

ment (7). After these groups, the save-the-most-

lives principle justifies priority for those pre-

dicted to be at highest risk of hospitalization and

dying. We disagree with this prioritization. 

Life-Cycle Principle 

The save-the-most-lives principle may be justi-

fied in some emergencies when decision

urgency makes it infeasible to deliberate about

priority rankings and impractical to categorize

individuals into priority groups. We believe that

a life-cycle allocation principle (see table on

page 855) based on the idea that each person

should have an opportunity to live through all
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• Should value people “on the basis of the amount the person
invested in his or her life balanced by the amount left to live.”

• Then vaccinate the most-valued people!
• Misses epidemiology: Transmission, Case mortality, Vaccine

efficacy
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Parameters

Parameter Ages Value Ref
Latent period, 1/τ all 1.2 d [1]

Infectious period, 1/γ all 4.1 d [1]

Vaccine efficacy 0–64 0.80 [2, 3]

against infection, εa 65+ 0.60
Vaccine efficacy 0–19 0.75
against death 20–64 0.70 [4, 2]

65+ 0.60
[1] Longini et al, Science, 2005; [2] Galvani, Reluga, & Chapman, PNAS, 2007;
[3] CDC, ACIP, 2007; [4] Meltzer, Cox, & Fukuda, Emerg Infect Dis, 1999.

http://dx.doi.org/10.1126/science.1115717
http://dx.doi.org/10.1073/pnas.0606774104
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5606a1.htm?s_cid=rr5606a1_e
http://www.cdc.gov/ncidod/EID/vol5no5/meltzer.htm
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Glezen, Epidemiol Rev, 1996.

http://aje.oxfordjournals.org/cgi/content/long/86/2/433
http://www.journals.uchicago.edu/CID/journal/issues/v33n8/001674/001674.html
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A B S T R A C T

Background

Mathematical modelling of infectious diseases transmitted by the respiratory or close-contact
route (e.g., pandemic influenza) is increasingly being used to determine the impact of possible
interventions. Although mixing patterns are known to be crucial determinants for model
outcome, researchers often rely on a priori contact assumptions with little or no empirical basis.
We conducted a population-based prospective survey of mixing patterns in eight European
countries using a common paper-diary methodology.

Methods and Findings

7,290 participants recorded characteristics of 97,904 contacts with different individuals
during one day, including age, sex, location, duration, frequency, and occurrence of physical
contact. We found that mixing patterns and contact characteristics were remarkably similar
across different European countries. Contact patterns were highly assortative with age:
schoolchildren and young adults in particular tended to mix with people of the same age.
Contacts lasting at least one hour or occurring on a daily basis mostly involved physical
contact, while short duration and infrequent contacts tended to be nonphysical. Contacts at
home, school, or leisure were more likely to be physical than contacts at the workplace or while
travelling. Preliminary modelling indicates that 5- to 19-year-olds are expected to suffer the
highest incidence during the initial epidemic phase of an emerging infection transmitted
through social contacts measured here when the population is completely susceptible.

Conclusions

To our knowledge, our study provides the first large-scale quantitative approach to contact
patterns relevant for infections transmitted by the respiratory or close-contact route, and the
results should lead to improved parameterisation of mathematical models used to design
control strategies.

The Editors’ Summary of this article follows the references.

PLoS Medicine | www.plosmedicine.org March 2008 | Volume 5 | Issue 3 | e740381

PLoSMEDICINE

PLoS Med 2008

Surveyed 7,290 Europeans for daily contacts

http://dx.doi.org/10.1371/journal.pmed.0050074
http://dx.doi.org/10.1371/journal.pmed.0050074
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R0

• R0 = 1.4 for Swine Flu (Fraser et al, Science, 2009)

• R0 = 2.0 for 1918 Pandemic (Mills et al, Nature, 2004)

• We considered R0 = 1.4 and also R0 = 1.2, 1.6, 1.8, 2.0

http://dx.doi.org/10.1126/science.1176062
http://dx.doi.org/10.1038/nature03063
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Outcome Measures

Map outcome (number infected, dead, etc) to objective
• Total Infections
• Total Deaths
• Years of Life Lost: Using expectation of life (NCHS, US Life Tables, 2003)

• Contingent Valuation: Indirect assessment of value of lives of
different ages

• Total Cost: Converts deaths, infections, etc into dollars

http://www.cdc.gov/nchs/data/statab/lewk3_2003.pdf
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Contingent Valuation

• Survey asked about
20, 30, 40, 60 year
olds and fit

va = aω−1 exp (−ψaω)

(Cropper et al, J Risk Uncertain,

1994)

• Alternative:
wage–risk market
data, but only for
working-aged adults
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Total Cost

• Monetary cost of
illness (Meltzer, Cox, &

Fukuda, Emerg Infect Dis, 1999)

• Monetary cost of
death

• Future lifetime
earnings (Haddix et

al, 1996)

• Alternatives:
Include value of
non-work time
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http://www.cdc.gov/ncidod/EID/vol5no5/meltzer.htm
http://www.us.oup.com/us/catalog/general/subject/Medicine/PublicHealth/?view=usa&ci=9780195148978
http://www.us.oup.com/us/catalog/general/subject/Medicine/PublicHealth/?view=usa&ci=9780195148978
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Outcome Measures
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Current Vaccination

CDC estimate
• 84M doses used in

2007
• 100M+ doses

annually
• 600M doses for Swine

Flu
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Sources: CDC, ACIP, 2008; NHIS, 2007.

http://www.cdc.gov/mmwr/preview/mmwrhtml/rr57e717a1.htm
http://www.cdc.gov/NCHS/nhis/nhis_2007_data_release.htm
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1918-like Mortality
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1918-like Mortality
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R0 = 2.0, 1957-like Mortality
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R0 = 2.0, 1918-like Mortality
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Sensitivity Analysis

• Reduced vaccine efficacy against infection
Shifts to protecting at risk

• Reduced vaccine efficacy against death
Reduced susceptibility in elderly
Reduced infectious period for vaccinees
Reduced infectiousness for vaccinees
Little change for 50% reduction
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1957-like Mortality, 40M Doses
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1918-like Mortality, 40M Doses
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Conclusions

• 65M doses prevents an R0 = 1.4 epidemic
• 135M doses prevents an R0 = 2.0 epidemic
• Can improve vaccination policies
• Infections: Vaccinate transmitters, children (5–19) & parents

(30–39)
• Deaths, YLL, Contingent, & Cost:

• When vaccine limited, vaccinate those at risk of death
• When vaccine plentiful, vaccinate transmitters
• Transition varies between outcome measures
• Deaths averted transitions last

• Joint work with Alison Galvani
Funded by NSF grant SBE-0624117
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