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a b s t r a c t
Estimating the potential health beneﬁts and expenditures of a partially effective HIV vaccine is an important consideration in the debate about whether HIV vaccine research should continue. We developed an
epidemic model to estimate HIV prevalence, new infections, and the cost-effectiveness of vaccination
strategies in the U.S. Vaccines with modest efﬁcacy could prevent 300,000–700,000 HIV infections and
save $30 billion in healthcare expenditures over 20 years. Targeted vaccination of high-risk individuals
is economically efﬁcient, but difﬁculty in reaching these groups may mitigate these beneﬁts. Universal
vaccination is cost-effective for vaccines with 50% efﬁcacy and price similar to other infectious disease
vaccines.
© 2009 Elsevier Ltd. All rights reserved.

1. Introduction
The recent failure of a candidate HIV vaccine developed by
Merck in a phase III trial has prompted calls for a fundamental reevaluation of investments in HIV vaccine research [1,2]. This
trial was the second failure in phase III, following the disappointing results from the AIDSVAX vaccine developed by VaxGen [3,4].
These setbacks prompted the National Institutes of Allergy and
Infectious Diseases (NIAID) to hold a conference with leaders in
vaccine development to discuss research priorities [5]. Some advocacy groups called for a cessation of all funding for HIV vaccine
development [6], while a number of investigators called for a termination of clinical trials and a shift to emphasize basic science
research [1].
Investments in HIV vaccine research and development have
increased almost three-fold in the past six years [7,8], and more
than 30 candidate vaccines are currently being evaluated in clinical
trials [9]. However, funding was relatively modest at $760 million
in 2006 given that 2.7 million people worldwide became newly
infected with HIV in 2007, including nearly 60,000 new infections
in the United States [10]. The challenges to successful vaccine development are formidable, and include the striking diversity of HIV
subtypes, with circulating recombinant forms, rapid and ongoing
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viral evolution among individuals and populations, and mutational
escape from immune control [11].
In the ongoing public debate about how and whether vaccine
research should proceed, an important consideration is the potential health and economic beneﬁt that could accrue from successful
development of an HIV vaccine. If the potential health and economic
beneﬁts of a vaccine are large, then relatively large public investments in research may be warranted. Prior analyses (e.g. [12–36])
have evaluated the effect of vaccines in different settings, but no
studies have comprehensively evaluated the potential population
health beneﬁts and costs across all risk groups in the United States.
To inform this debate, we evaluated the potential population
health beneﬁts and expenditures of alternative HIV vaccination
strategies in the United States. We assessed outcomes for a broad
range of vaccine efﬁcacy and costs, and also assessed the outcomes associated with either universal vaccination, or vaccination
targeted to high-risk groups. Our study is the ﬁrst to evaluate
both health and economic outcomes associated with universal or
targeted vaccination in the U.S., and provides insight into the magnitude of the beneﬁt a preventive HIV vaccine could provide.
2. Methods
We developed a dynamic compartmental model of HIV transmission and progression. Additional information is provided in the
supplementary appendix. The model is speciﬁed by a set of differential equations. Using data from the U.S. (Table 1), we instantiated
the model to simulate the HIV epidemic over a 20-year time hori-
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Table 1
Model parameters and sources.
Parameter

Value

Range

Source

Demographic parameters
Total adult population
Male IDU
Male MSM
Male IDU/MSM
Male other
Female IDU
Female other
HIV prevalence
Male IDU
Male MSM
Male IDU/MSM
Male other
Female IDU
Female other

154,141,198
1,000,000
4,662,913
300,000
71,752,311
450,000
75,975,974
0.7%
13.6%
10.6%
18.7%
0.14%
17.3%
0.29%

150–160 million
0.8–1.5 million
3.5–5.5 million
200,000–500,000
70–72 million
300,00–600,000
75–77 million
0.6–1.0%
10–20%
5–20%
15–30%
0.05–0.25%
15–30%
0.15–0.40%

[53]
Calculated [7,39,52–55]
Calculated [7,39,52,53]
Calculated [7,39,52–57]
Calculated [7,39,52,53]
Calculated [7,39,52–55]
Calculated [7,39,52,53]
Calculated [7,39,52–55]
Calculated [7,39,52–55]
Calculated [7,39,52,53]
Calculated [7,39,52–57]
Calculated [7,39,52,53]
Calculated [7,39,52–55]
Calculated [7,39,52,53]

Mortality ratea
Male
Female
Injection drug user

0.0021
0.0011
0.025

0.001–0.003
0.001–0.003
0–0.05

Calculated [75]
Calculated [75]
[58]

Maturation rateb
Male
Female

0.0277
0.0288

0.01–0.03
0.01–0.03

Calculated [53]
Calculated [53]

Entry ratec
Male
Female

0.034
0.033

0.02–0.05
0.02–0.05

Calculated [53]
Calculated [53]

Disease parameters
Quality-of-life factor
Uninfected
Asymptomatic HIV—untreated
Symptomatic HIV—untreated
Symptomatic HIV—treated with HAART
AIDS—untreated
AIDS—treated with HAART
Injection drug user (multiplier)d

1.0
0.89
0.72
0.83
0.72
0.82
0.9

–
0.85–0.95
0.70–0.80
0.82–0.87
0.60–0.75
0.82–0.87
0.80–1.0

[40]
[40,76–79]
[40,76–79]
[40,76–79]
[40,76–79]
[40,76–79]
[48,58]

Injection drug use parameters
Transmission probability per shared injection
Asymptomatic HIV
Symptomatic HIV
AIDS
Average injections per year
Fraction of injections that are shared

0.002
0.003
0.003
200
20%

0.001–0.005
0.001–0.005
0.001–0.005
100–500
10–40%

[48,58]
[48,58]
[48,58]
[48,58,72]
[58,61,71,73]

Sexual behavior parameters
Annual transmission probability per partnership
Heterosexual (FHIV+ → MHIV− )
Asymptomatic HIV
Symptomatic HIV
AIDS

0.020
0.026
0.065

0.010–0.040
0.010–0.040
0.030–0.060

[40]
[40]
[40]

Heterosexual (MHIV+ → FHIV− )
Asymptomatic HIV
Symptomatic HIV
AIDS

0.030
0.040
0.100

0.020–0.050
0.020–0.050
0.050–0.090

[40]
[40]
[40]

Homosexual (MHIV+ → MHIV− )
Asymptomatic HIV
Symptomatic HIV
AIDS

0.040
0.050
0.150

0.030–0.060
0.030–0.060
0.080–0.120

[40]
[40]
[40]

Annual number of same-sex partners
Male MSM
Male IDU/MSM

3.0
3.0

2.0–5.0
2.0–5.0

[62–64]
[61–63]

Condom usage with same-sex partners
Male MSM
Male IDU/MSM

40%
40%

30–60%
30–50%

[56,62–64]
[61]

Annual number of opposite-sex partners
Male IDU
Male MSM
Male IDU/MSM
Male other
Female IDU
Female other

3.0
0.1
0.1
1.1
3.5
1.1

2.0–5.0
0–1.0
0–1.0
0.5–2.0
2.0–5.0
0.5–2.0

[65]
[64]
[66]
[64,67–70]
[65]
[67–70]
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Table 1 (Continued )
Parameter

Value

Range

Source

Condom usage with opposite-sex partners
Male IDU
Male MSM
Male IDU/MSM
Male other
Female IDU
Female other

25%
30%
30%
20%
25%
20%

15–35%
20–50%
30–50%
10–40%
20–50%
10–40%

[56,66]
[56,61]
[61,66]
[67]
[65,71]
[67]

Treatment parameters
Fraction starting HAART at symptom onset
HAART initiation rate after symptom onset
Reduction in injection infectivity due to HAART
Reduction in sexual infectivity due to HAART

50%
0.05
50%
90%

25–75%
0–0.10
25–75%
50–99%

Estimated [40]
Estimated [40]
[40,48]
[40,44–46,48–51]

Circumcision parameters
Fraction of males circumcised
Reduction in HIV acquisition due to circumcision

70%
50%

50–80%
48–60%

[80]
[59,60]

Cost parameters
Annual HIV-related healthcare costs
Asymptomatic HIV—untreated
Symptomatic HIV—untreated
Symptomatic HIV—treated with HAART
AIDS—untreated
AIDS—treated with HAART
Annual non-HIV-related healthcare costs
Annual cost of HAART
Annual cost of IDU services
Annual discount rate

$3,967
$6,660
$5,937
$21,000
$9,557
$6,728
$14,974
$2,500
3%

$3,000–$6,000
$5,000–$9,000
$5,000–7,000
$15,000–$25,000
$6,000–$17,000
$5,000–$8,000
$12,000–$18,000
$1,000–$4,000
0–5%

[81,82]
[81,82]
[81,82]
[81–84]
[40,82]
[85]
[40,82,84]
[58]
[37]

IDU: injection drug user, MSM: men who have sex with men, Other: general population. HAART: highly active antiretroviral therapy.
a
Mortality rate: non-HIV-related mortality rate among the population aged 15–49 years.
b
Maturation rate: rate 49-year olds turn age 50 and exit the population.
c
Entry rate = rate 14-year olds turn age 15 and enter the population.
d
Quality-of-life for all injection drug users is multiplied by this quantity.

zon under different preventive vaccination scenarios. We estimated
all healthcare costs incurred and beneﬁts experienced in the population (measured as quality-adjusted life years (QALYs)), as well
as HIV prevalence and new infections. Following standard practice, we discounted costs and QALYs to the present at 3% annually
[37]. We calculated cost-effectiveness ratios for a variety of vaccination strategies. We conducted sensitivity analysis on all key model
parameters. We implemented the model using the mathematical
programming language Matlab.
2.1. Population groups
We subdivided the adult population aged 15–49 into 144 compartments, based on gender, risk behavior, and infection, treatment,
and vaccination status. An estimated 1.1 million adults were living with HIV in the U.S. in 2007, including approximately 300,000
women [7]. We subdivided men into four risk groups: injection
drug users (IDUs), men who have sex with men (MSM), IDU/MSM,
and the general population. Men in the IDU, MSM, and IDU/MSM
compartments represent high-risk groups, and account for approximately 17%, 62%, and 7% of HIV-infected men living in the U.S.,
respectively [10,38,39]. Men in the general population are low-risk
individuals and account for 13% of HIV cases among men [39]. We
subdivided women into two groups: IDUs and the general population. Female IDUs are high-risk individuals who account for 26% of
HIV cases among women in the U.S. Women in the general population are low-risk individuals and account for 73% of cases [39].
We stratiﬁed each risk group based on HIV infection status:
asymptomatic HIV, symptomatic HIV, and AIDS. We subdivided
the HIV-infected population based on treatment status, if eligible. We subdivided male groups based on circumcision status, and
subdivided all groups based on preventive vaccine status. Stratifying the population along these dimensions allowed us to capture
differences in the likelihood of acquiring or transmitting HIV, and
potential variations in risk behaviors.

2.2. Disease progression and treatment
We estimated the average duration of each disease stage
(asymptomatic HIV, symptomatic HIV, and AIDS), both in the
absence and presence of highly active antiretroviral therapy
(HAART), based on data from a published Markov model of the
natural history of HIV [40]. Individuals progress to subsequent disease stages or death at rates that are inversely proportional to the
average time spent in the current disease stage.
Because we wanted to examine the impact of a vaccine program,
rather than a screening program, we assumed that all individuals
are aware of their HIV status. We assumed that individuals with
symptomatic HIV and AIDS are eligible to receive HAART, consistent with current U.S. treatment guidelines [40–43]. Currently, not
all individuals who are identiﬁed with HIV are receiving HAART.
We assumed that 50% of eligible HIV-infected individuals initiated
HAART upon developing symptomatic HIV, with 5% of the remaining untreated population entering treatment annually [40].
Suppressive HAART reduces an infected individual’s viral load,
which reduces disease progression and mortality. A reduced viral
load is also thought to lower an individual’s infectivity, thereby
reducing the probability of HIV transmission [40,44–51]. However,
infected individuals who receive HAART and live longer can engage
in risky sexual and needle-sharing behaviors during their increased
lifespan, thus potentially increasing HIV transmission. Our dynamic
model can quantify the effects on the epidemic of these opposing
forces.

2.3. Vaccination
We deﬁned a preventive vaccine as one that confers partial or
full immunity in uninfected, vaccinated individuals. We assumed
that a preventive vaccine has an average duration of effectiveness,
which we varied from one year to lifelong protection; after this
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time, individuals transition back to an unvaccinated state. Vaccinated individuals have a lower chance of acquiring HIV, which
we deﬁned as the vaccine efﬁcacy. We also considered the possibility of behavior change due to vaccination, and we varied the
number of sexual partners to reﬂect possible changes in risk behavior.
We evaluated the effects and cost-effectiveness of various preventive vaccination strategies, including universal vaccination (all
groups), and vaccination targeted to high-risk (IDU, MSM, and
IDU/MSM) or low-risk (general population) groups. We assumed
that some fraction of unvaccinated individuals is initially vaccinated at time zero; we refer to this initial fraction as the vaccine
coverage.
2.4. HIV transmission
The model includes sexual transmission (male-to-female,
female-to-male, and male-to-male) and from needle-sharing during injection drug use. We modeled infection transmission using
binomial processes and assumed proportional mixing in the
population (Appendix). We calculated the probability of sexual
transmission on a per partnership basis, and calculated the probability of needle-sharing transmission per shared needle between
an uninfected IDU and infected IDU. We adjusted the transmission
probability to account for the infected individual’s gender, disease
state, and treatment status, and the uninfected individual’s gender,
circumcision status (if male), and vaccination status. We assumed
the fraction of men circumcised remains at current levels.
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3. Results
3.1. Health outcomes
3.1.1. HIV infections prevented
With no HIV vaccination program, we estimated that 1.29
million new HIV infections would occur over 20 years. A vaccination program targeting 75% of uninfected high-risk individuals
averted 774,000 HIV infections over 20 years (60% of projected
new infections), assuming a vaccine with 75% efﬁcacy and lifetime
duration of protection (Fig. 1a). With this strategy, approximately
9 million high-risk individuals were vaccinated. If the vaccination
program instead reached 25%, 50%, or 100% of high-risk individuals,
then 320,000, 573,000, or 933,000 HIV infections were prevented,
respectively. In contrast, a vaccination program reaching the same
fraction of low-risk individuals prevented 75% fewer infections, and
required vaccination of 187 million people.
Universal vaccination prevented the greatest number of HIV
infections (912,000, or 71% of projected new infections), but
required vaccinating the greatest number of people (196 million).
With universal vaccination, an estimated 110,000 (12%) HIV infections prevented are among the unvaccinated population, due to
reduced secondary transmission by vaccinated individuals.
Because the efﬁcacy of an HIV vaccine is unknown, we evaluated vaccines with varying degrees of efﬁcacy, from 25% to 100%
(Fig. 1b). A vaccine with only 50% efﬁcacy (and lifetime duration of

2.5. Model parameters
We estimated values for all model parameters based on published literature and expert opinion (Table 1). Because many
behavioral and biological parameters are uncertain (e.g., number of sexual partnerships, probability of HIV transmission per
partnership), we varied all parameters in sensitivity analysis.
We considered the entire adult population of the United States.
We estimated risk group sizes and initial HIV prevalence levels
based on available data. We estimated initial HIV prevalence to be
14% in male IDU, 11% in male MSM, 19% in male IDU/MSM, 0.14% in
heterosexual males, 17% in female IDU, and 0.29% in heterosexual
females [7,10,38,39,52–57]. We estimated annual entry, maturation, and mortality rates for each risk group based on available
demographic data.
We estimated relevant biological parameters, including the
probability of HIV transmission per sexual partnership or shared
needle [48,58], the reduction in HIV acquisition due to male circumcision [59,60], and the reduction in sexual or needle-sharing
infectivity due to HAART [40,44–46,48–51]. We also estimated
behavioral parameters, including the annual number of samesex and opposite-sex partners [61–70], condom use [56,61–67,71],
annual number of drug injections [48,58,72], and needle-sharing
rates [58,61,71,73].
Finally, we estimated quality-of-life adjustments and all healthcare costs for each health state, and we considered a range of vaccine
costs. All healthcare costs are given in 2007 U.S. dollars.
We validated our model by comparing the model-estimated
prevalence to published estimates of HIV prevalence and incidence for each risk group over the past ﬁve years. Our model’s
estimates of HIV prevalence were very similar to observed trends
in prevalence among the general population. Estimates of prevalence among high-risk groups are more uncertain; however, our
model’s projected prevalence reasonably approximated available
data.

Fig. 1. HIV infections prevented over 20 years with different vaccination strategies.
(a) HIV infections prevented with universal, high-risk group targeted, or low-risk
group targeted vaccination. Assumes a vaccine with 75% efﬁcacy and lifetime duration of protection, and 75% coverage of the target population. (b) HIV infections
prevented under different vaccine efﬁcacy (25%, 50%, 75%, 100%) and duration (5year, 10-year, lifetime) scenarios. Assumes universal vaccination (both high-risk and
low-risk groups) with 75% coverage.
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protection) prevented 673,000 infections, whereas a vaccine with
100% efﬁcacy prevented 1.10 million infections, assuming universal
vaccination with 75% coverage.
3.1.2. HIV prevalence
Exclusively vaccinating high-risk groups not only reduced
HIV prevalence among these individuals, but also substantially
decreased prevalence among low-risk individuals, due to reduced
secondary transmission (Fig. 2). Vaccinating 75% of high-risk individuals reduced HIV prevalence among the unvaccinated general
population from 0.11% to 0.09% among men, and from 0.22% to 0.16%
among women after 20 years. Universal vaccination resulted in the
lowest HIV prevalence in every group. After 20 years, HIV prevalence in the general population decreased to 0.05% among men and
to 0.10% among women, a substantial improvement over exclusively
vaccinating only high-risk or low-risk groups.
3.2. Economic outcomes
We evaluated the incremental cost-effectiveness of various preventive vaccination strategies. In the base case (a vaccine with 75%
efﬁcacy, lifetime duration, and $1000 price), strategies that exclusively vaccinated high-risk groups were cost-saving (i.e., increased
QALYs and decreased costs) relative to the status quo. Over 20 years,
a vaccination program would add 7.0 million (discounted) QALYs
and save $31 billion (discounted).
The cost-effectiveness of universal vaccination depends on the
comparison group. If high-risk group vaccination is infeasible due
to difﬁculties in reaching such populations, then the appropriate
comparison is universal vaccination versus no vaccination, which
results in a cost-effectiveness ratio of $15,010 per QALY gained. If
high-risk group vaccination is feasible, then universal vaccination
cost $93,860 per QALY gained compared to high-risk vaccination,
assuming 75% coverage (Table 2, Fig. 3a).
We evaluated the cost-effectiveness of vaccines with varying
degrees of efﬁcacy and duration (Table 2, Fig. 3b). Universal vac-

cination with a 50% efﬁcacy vaccine cost $22,435–$52,400 per
QALY gained relative to no vaccination (and $126,416–$279,071 per
QALY gained compared to high-risk group vaccination), depending
on the duration of protection. A vaccine with 100% efﬁcacy cost
$11,402–$25,518 per QALY gained relative to no vaccination (and
$78,176–$150,318 per QALY gained compared to high-risk group
vaccination).
Finally, we considered variations in vaccine price (Table 2). At
a vaccine price of $500, universal vaccination with a 75% effective,
lifetime-duration vaccine cost $4,893 per QALY gained relative to no
vaccination (and $42,599 compared to high-risk group vaccination).
3.3. Sensitivity analysis
3.3.1. Rate of new infections
In the base case, our model estimated 1.29 million new infections
would occur over 20 years. Although we validated our model estimates for the past ﬁve years by comparing the estimated prevalence
from the model to available published estimates, there is uncertainty about HIV transmission rates over the next two decades.
If the probability of HIV transmission (via sexual contact and
needle-sharing) was 25% lower than we initially estimated, 808,000
infections occurred over 20 years. Under this scenario, universal
vaccination cost $27,840 per QALY gained relative to no vaccination,
assuming a 75% efﬁcacy, lifetime-duration vaccine. The general conclusions of our analysis remained unchanged, although the number
of infections prevented and savings in expenditures were smaller.
3.3.2. Behavioral change
The base case assumed no change in behavior due to preventive
vaccination; however, the extent of potential behavioral disinhibition in response to HIV vaccination is uncertain. If vaccinated
individuals had 25% more sexual partners than their unvaccinated
counterparts, then vaccination programs prevented more HIV infections, for vaccines with at least 65% efﬁcacy. This paradoxical ﬁnding
is due to our assumption of proportional mixing within the population.

Fig. 2. HIV prevalence in the six population risk groups under universal and high-risk group targeted vaccination strategies. Assumes a vaccine with 75% efﬁcacy and lifetime
duration, and 75% coverage of the target population. IDU: injection drug user, MSM: men who have sex with men, Other: general population.
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the overall number of new HIV infections. However, the reverse
effect occurred (i.e., vaccination programs averted fewer infections)
at vaccine efﬁcacy levels less than 65%. The protection conferred
through vaccination was not enough to offset the increase in risky
sexual behavior. At any efﬁcacy level, the relative ranking of vaccination strategies remained unchanged.
3.3.3. HAART effectiveness
We assumed HAART reduced the probability of HIV transmission
via sexual contact and needle-sharing by 90% and 50%, respectively.
If HAART was less effective in reducing sexual (50%) and needlesharing (25%) transmission, all vaccination strategies averted more
infections and were more cost-effective than in the base case.
Because a preventive vaccine and HAART both reduce HIV transmission, they act as partial substitutes for each other. When the beneﬁts
offered by HAART decreased, the relative beneﬁts of a preventive
vaccine increased.
4. Discussion

Fig. 3. Cost-effectiveness analysis of HIV vaccination over 20 years. (a) Costeffectiveness of universal, high-risk group targeted, or low-risk group targeted
vaccination. Assumes a vaccine with 75% efﬁcacy, lifetime duration of protection,
and $1000 price, and 75% coverage of the target population. (b) Cost-effectiveness
of universal vaccination under different vaccine efﬁcacy (25%, 50%, 75%, 100%)
and duration of protection (5-year, 10-year, lifetime) scenarios. Assumes a vaccine
with $1000 price, and 75% coverage of the target population. Incremental costeffectiveness ratios are relative to the status quo (no vaccination).

Vaccinated individuals who increased their number of sexual
partners accounted for a larger fraction of the overall number of
sexual partnerships in the population. An HIV-infected individual
had a higher chance of randomly selecting a vaccinated partner
(who was partially protected from acquiring HIV), which reduced

Our analysis indicates that a successful HIV vaccine would provide enormous health and economic beneﬁts. A highly effective
vaccine could reduce healthcare expenditures by up to $40 billion over a 20-year period if targeted to high-risk groups in the
United States. A fully protective vaccine used broadly in the population could prevent 1.10 million HIV infections over this period,
adding 10.6 million QALYs to the population. Most importantly, a
vaccine with only modest efﬁcacy could provide signiﬁcant beneﬁt and good value. A vaccine that prevented infection in only
50% of recipients could prevent 310,000–673,000 infections over 20
years, with universal vaccination. Furthermore, approximately 12%
of prevented HIV infections are among unvaccinated individuals,
emphasizing the importance of reduced secondary transmission
due to vaccination.
Targeted vaccination of high-risk groups is more economically
efﬁcient than universal vaccination, although universal vaccination provides the greatest total health beneﬁt. A concern with
targeted vaccination is that high-risk individuals may not selfidentify, or may be unaware of risk behaviors, making it difﬁcult
to reach these groups. If high-risk vaccination is not feasible, the
appropriate comparison for universal vaccination is no vaccination.
Under these circumstances, universal vaccination meets conven-

Table 2
Preventive vaccination results.
Vaccination scenarioa

New HIV
infections

No vaccination

1,286,009

Incremental
costsb (billions)

–

Incremental
QALYsb (millions)

ICER relative to:
No vaccination

High-risk vaccination

–

–

–

75% Efﬁcacy, lifetime duration, price $1000
Universal vaccination
373,757
High-risk group vaccination
512,044

$130.2
−$30.5

8.7
7.0

$15,010
Cost-saving

$93,860
–

50% Efﬁcacy, lifetime duration, price $1000
Universal vaccination
613,121
High-risk group vaccination
718,739

$142.3
−$20.1

6.3
5.1

$22,435
Cost-saving

$126,416
–

75% Efﬁcacy, 5-year duration, price $1000
Universal vaccination
High-risk group vaccination

837,566
902,169

$152.7
−$11.7

4.4
3.6

$34,447
Cost-saving

$193,080
–

75% Efﬁcacy, lifetime duration, price $500
Universal vaccination
High-risk group vaccination

373,757
512,044

$42.5
−$34.4

8.7
7.0

$4,893
Cost-saving

$42,599
–

Universal vaccination: vaccination of high-risk and low-risk groups. ICER: incremental cost-effectiveness ratio, relative to no vaccination or high-risk group vaccination.
Efﬁcacy: decrease in vaccinated individual’s chance of acquiring HIV. Duration: average length of protection conferred by preventive vaccine.
a
All results in this table assume 75% vaccination coverage of the targeted population.
b
Incremental costs and quality-adjusted life years (QALYs) are relative to no vaccination.
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tional cost-effectiveness criteria with a vaccine price of $1000, and
would be more economically efﬁcient with less expensive vaccines.
If high-risk group vaccination is feasible, universal vaccination is
more expensive compared to high-risk vaccination.
Our ﬁndings are broadly consistent with prior studies evaluating
the cost-effectiveness of HIV vaccination in a late-stage epidemic
setting [12–15]. Although the cost-effectiveness of a partially effective HIV vaccine is more favorable in a high prevalence setting [15],
our sensitivity analyses of variations in vaccine efﬁcacy and duration of protection are consistent with prior modeling studies. Our
ﬁnding that behavioral disinhibition in recipients of low-efﬁcacy
vaccines may attenuate the beneﬁts associated with HIV vaccination is consistent with prior studies [36,74]. However, we also ﬁnd
that increased sexual behavior among those vaccinated with highefﬁcacy vaccines can actually improve epidemic outcomes, because
these individuals account for a greater proportion of sexual partnerships and offer indirect vaccine protection to their partners.
Estimating the health and economic beneﬁts from a partially
effective HIV vaccine is useful for understanding the potential
return on investments in vaccine research. In this study, we evaluated only the beneﬁts and expenditures in the U.S. If a vaccine
were effective across subtypes of the virus and could be used worldwide, the health beneﬁts would be many times higher. Our analysis
suggests that each infection prevented saves approximately ten discounted quality-adjusted life years (and 16 undiscounted life years).
The gain in life expectancy from HIV prevention may be different in
developing countries because of shorter average life expectancy and
lower average age of initial HIV infection. If a vaccine prevented half
of the projected 40 million new infections worldwide over the next
20 years, an additional 200–300 million life years would accrue.
Our ﬁndings emphasize the importance of including high-risk
individuals in any vaccination strategy to realize the potential
health and economic beneﬁts. Exclusively vaccinating only highrisk groups reduces HIV prevalence among these individuals, and
also substantially reduces prevalence among low-risk groups. This
additional beneﬁt occurs because high-risk groups are key drivers
of the HIV epidemic; vaccinating a portion of these individuals
reduces secondary transmission to members of the general population. A universal vaccination strategy should be designed to ensure
that high-risk individuals participate fully.
Our analysis has several limitations. We assumed proportional
mixing within the population, which oversimpliﬁes the complex
network structure inherent in sexual and needle-sharing contacts.
The model accounts for proportional mixing across risk groups (i.e.,
groups based on the number and type of sexual and needle-sharing
contacts), but not across age stratiﬁcations. We included the adult
population aged 15–49 because these individuals account for most
new infections in the U.S. Including older individuals would minimally change our results. We assumed that all individuals were
aware of their HIV status, to avoid confounding the effects of HIV
screening with implementing a vaccination program. However, our
modeling framework enables us to consider the additional effects
of HIV screening, which would necessitate accounting for the additional cost of a universal screening program prior to vaccination.
Our present analysis considers vaccines aimed at preventing
HIV acquisition in uninfected recipients. We recognize that the
underlying vaccine mechanisms may inﬂuence whether the vaccine
provides beneﬁt to infected individuals via reduced disease progression. Our modeling framework could be extended to examine
the beneﬁts of such a vaccine on epidemic outcomes.
In summary, our analysis is the ﬁrst to quantitatively estimate
the potential health and economic outcomes of targeted or universal HIV vaccination programs in the U.S. A vaccination program that
includes high-risk individuals could provide millions of life years of
beneﬁt over 20 years and meet conventional cost-effectiveness criteria. Partially effective vaccines, even with efﬁcacy of only 50%,

would provide substantial beneﬁt at less cost than that of many
interventions currently considered cost-effective. Investment in
HIV vaccine research, although increasing in recent years, remains
modest relative to the potential health and economic beneﬁts of a
successful vaccine.
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