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• Of the 34,800 new HIV infections in the United States (U.S.) 
in 2019, 70% occurred among men having sex with men 
(MSM). 

• The objective of this study was to evaluate the long-term health 
outcomes of a hypothetical HIV vaccine in the MSM population 
under different scenarios of efficacy, durability, and coverage. 
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METHODS

• We developed an agent-based model that simulates the 
sexual transmission of HIV among the MSM population aged 
13-65 years in the U.S. 

• The HIV viral load is the primary driver of immune system 
deterioration, and thus the assigned viral load level 
determined the rate at which the patient’s CD4 cell count 
declined in the absence of antiretroviral therapy (ART) in the 
model. With natural disease progression (i.e., in the absence 
of ARTs), each HIV-infected person transitioned through the 
following disease stages: acute infection, chronic infection, 
and AIDS

• Individuals became eligible to form relationships when they 
entered the model at sexual debut. Each relationship was 
defined by four attributes: the two specific individuals involved 
in this relationship, the type of the relationship (main or 
casual), the duration of the relationship, and the number of 
sex acts to be performed each month.  

• The target population was offered a hypothetical HIV vaccine 
along with other preventative interventions, including condom 
use and pre-exposure prophylaxis (PrEP). 

• We simulated long-term outcomes over a 50-year time 
horizon under the status quo (no HIV vaccine) and under 
multiple scenarios defined by different combinations of 
vaccine efficacy (30%, 50%, 70%, and 90%), coverage (30%, 
45%, and 60%), durability (0 and 2 years), and booster 
frequency (every 3 and 5 years). 

• We validated the modeled natural history of the HIV disease 
by comparing the historical model-estimated HIV prevalence 
and incidence to the published estimates. 

• For each scenario, we calculated HIV prevalence, incidence, 
and the number of HIV infections and deaths averted, 
evaluated over the time horizon 2025-2075.

RESULTS

Remarkable reductions in HIV incidence can be achieved with lower efficacy and higher coverage vs. 
higher efficacy and lower coverage. Hence, even a partially efficacious HIV vaccine with modest efficacy 
could substantially reduce HIV incidence, especially when the uptake is high. Vaccine durability and 
booster frequency could also impact the overall HIV burden reduction.

KEY FINDING

• Table 1 presents the estimated HIV incidence and HIV-related 
mortality in MSM for each combination of the vaccine efficacy 
and coverage scenarios, as compared with no vaccination. 
Under the status quo (i.e., no vaccination), 5.9 new annual 
infections per 1,000 MSM are expected in 2075. Cumulatively, 
this translated into a total of over 1.3 million new HIV infections 
between 2025 and 2075. 

• Under different combinations of vaccine efficacy and uptake, the 
estimated HIV incidence in 2075 ranged between 3.7-5.6 per 
1,000 MSM.  Of those 1.3 million expected new HIV infections, 
between 73,744 (5.43% reduction) and 495,480 (36.46% 
reduction) could be prevented under various vaccination 
scenarios (Table 1). For example, under a 50% modest vaccine 
efficacy with 45% uptake, the number of HIV infections 
prevented would be nearly 200,000 (14.17% reduction). 

• We further found that similar reductions in HIV incidence rate 
could be achieved with lower vaccine efficacy and higher vaccine 
uptake, or with higher efficacy and lower uptake. For example, a 
70% efficacious vaccine with 30% uptake, a 50% efficacious 
vaccine with 45% uptake, or a 30% efficacious vaccine with 60% 
uptake would reduce the HIV incidence rate by 12-14%. 
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No Vaccination 5.9 1,359,037 4.4 1,000,1527
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cy 30% uptake 5.6 (5.08%) 1,285,293 (5.43%) 4.2 (4.55%) 973,152 (2.83%)

45% uptake 5.4 (8.47%) 1,245,127 (8.38%) 4.1 (6.82%) 956,671 (4.48%)

60% uptake 5.2 (11.86%) 1,196,032 (11.99%) 3.9 (11.36%) 936,029 (6.54%)
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cy 30% uptake 5.4 (8.47%) 1,234,078 (9.19%) 4 (9.09%) 951,842 (4.96%)

45% uptake 5.0 (15.25%) 1,166,513 (14.17%) 3.9 (11.36%) 924,206 (7.72%)

60% uptake 4.7 (20.34%) 1,086,181 (20.08%) 3.6 (18.18%) 890,369 (11.1%)
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cy 30% uptake 5.1 (13.56%) 1,179,650 (13.2%) 3.9 (11.36%) 930,056 (7.14%)

45% uptake 4.7 (20.34%) 1,086,187 (20.08%) 3.7 (15.91%) 890,737 (11.06%)

60% uptake 4.2 (28.81%) 977,237 (28.09%) 3.3 (25%) 844,513 (15.68%)
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30% uptake 4.9 (16.95%) 1,123,096 (17.36%) 3.8 (13.64%) 906,325 (9.51%)

45% uptake 4.3 (27.12%) 1,001,466 (26.31%) 3.5 (20.45%) 855,817 (14.55%)

60% uptake 3.7 (37.29%) 863,557 (36.46%) 3 (31.82%) 795,328 (20.59%)
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Figure 1: Transmission, progression, and treatment modeling scheme.

Notes. The infected agents are shown in blue and uninfected agents are shown in 
black. The solid lines show relationships among agents with possible transmission 
of disease, the dashed lines show transmission. Each infected agent can progress 
to advanced stages of the HIV disease shown by a state-transition model in the 
middle pictogram. Tx: antiretroviral therapy.

Table 1: HIV incidence and mortality with and without an HIV vaccine under 
different vaccine efficacy and coverage scenarios.

* % reduction compared with no vaccine scenario
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• Table 2 presents the results for each combination of the vaccine 
durability and booster frequency scenarios at fixed 70% efficacy 
and 45% uptake rate. Under a vaccination program with no 
durability (i.e., waning starts immediately upon prime vaccine 
administration) and a booster vaccine every 5 years, the 
cumulative number of new HIV infections would be reduced by 
90,129 (6.63% reduction). On the other hand, if the vaccine has 2 
years of durability and a booster vaccine is given every 3 years, 
then the new HIV infections would be reduced by 272,850 
(20.08% reduction). 

45% Uptake Total Number of New 
Infections from 2025 –

2075 (% reduction 
compared with no 
vaccine scenario)

Total Number of HIV 
Deaths from 2025 – 2075 
(% reduction compared 

with no vaccine scenario)70% Efficacy

No Vaccination 1,359,037 1,001,527

No 
Durability 

Booster at 5 years 1,268,908 (6.63%) 964,172 (3.73%)

Booster at 3 years 1,237,670 (8.93%) 952,399 (4.91%)

2 Years 
Durability 

Booster at 5 years 1,147,571 (15.56%) 914,539 (8.69%)

Booster at 3 years 1,086,187 (20.08%) 890,737 (11.06%)

Figure 2: Total number of HIV new infections and deaths without  and with a 
70% efficacious HIV vaccine with 45% coverage under different durability 
and booster administration scenarios from 2025-2075. 
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