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Abstract
The spring–summer 2022 mpox outbreak had over 50,000 cases globally, most of them in gay, bisexual, and other men who have sex 
with men (MSM). In response to vaccine shortages, several countries implemented dose-sparing vaccination strategies, stretching a 
full-dose vaccine vial into up to five fractional-dose vaccines. Recent studies have found mixed results regarding the effectiveness 
of the mpox vaccine, raising the question of the utility of dose-sparing strategies. We used an age- and risk-stratified mathematical 
model of an urban MSM population in the United States with ∼12% high-risk MSM to evaluate potential benefits from implementing 
dose-sparing vaccination strategies in which a full dose is divided into 3.5 fractional doses. We found that results strongly depend 
on the fractional-dose vaccine effectiveness (VE) and vaccine supply. With very limited vaccines available, enough to protect with a 
full dose approximately one-third of the high-risk population, dose-sparing strategies are more beneficial provided that fractional 
doses preserved at least 40% of full-dose effectiveness (34% absolute VE), projecting 13% (34% VE) to 70% (68% absolute VE) fewer 
infections than full-dose strategies. In contrast, if vaccine supply is enough to cover the majority of the high-risk population, dose- 
sparing strategies can be outperformed by full-dose strategies. Scenarios in which fractional dosing was 34% efficacious resulted in 
almost three times more infections than full dosing. Our analysis suggests that when mpox vaccine supply is limited and 
fractional-dose vaccination retains moderate effectiveness, there are meaningful health benefits from providing a smaller dose to a 
larger number of people in the high-risk population. These findings should inform the public-health response to future mpox 
outbreaks.
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Introduction
The World Health Organization declared the mpox outbreak a pub-
lic health emergency of international concern on 2022 July 23 (1). By 
September 2022, there were over 50,000 cases globally, and over 
21,000 cases in the United States most of them occurring in gay, bi-
sexual, and other men who have sex with men (MSM) (2). In the 
United States, two vaccines are approved for the prevention of 
mpox: the JYNNEOS vaccine (MVA vaccine) and the ACAM2000 vac-
cine. JYNNEOS is currently preferred and utilized as it has fewer 
side effects and contraindications. Due to the shortage of vaccine 
supply, regulatory agencies including the US Federal Drug 
Administration authorized a lower-than-standard dose regimen 
of two intradermal injections, allowing each vaccine vial to be div-
ided into up to five fractional-dose vaccines (3–5). This dose-sparing 
strategy was based on a clinical study done in 2015 (6), but recent 
studies have found mixed results for effectiveness (7) raising the 
question of whether fractional dosing is the best use of the limited 
supply of MVA vaccine. In the present work, we use a mathematical 
model to explore different scenarios under which fractional dosing 
would be the optimal use of the available MVA vaccine.

Results
To compare the health outcomes from full-dose versus 
dose-sparing mpox vaccine strategies, we adapted a previously 
developed, calibrated, and published infectious disease dynamic 
transmission model of sexual activity patterns and HIV spread 
in a population of MSM in Seattle, WA (8). The population included 
65,000 men stratified into age and risk groups, with ∼8,000 individ-
uals in the group at high risk of mpox acquisition and greater need 
for vaccination. A model diagram (Fig. S1) and complete model de-
scription, including sexual mixing patterns (Table S1) and all pa-
rameters used in the analysis (Tables S3 and S4), can be found 
in the Supplement.

Our base-case scenario without vaccination resulted on aver-
age in 11, 330 cumulative infections over 6 months with a max-
imum of 1,126 infections weekly. In the main vaccination 
scenario, we simulated vaccination campaigns over 5 weeks 
with either 2,500 or 7,500 full-dose vaccine vials available (31 
and 94% of the high-risk population). For dose-sparing strategies, 
we assumed that each vaccine vial could be divided into 3.5 frac-
tional doses (9), so that there was enough vaccine to cover 8,750 or 
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26,250 people (corresponding to 2,500 and 7,500 vaccine vials, re-
spectively). We assumed that a full dose of MVA vaccine had a 
vaccine effectiveness (VE) of 85% against mpox infection (10). 
We simulated low (34% absolute VE) and high (68% absolute VE) 
fractional-dose VE scenarios, corresponding to retaining 40 or 
80% of the effectiveness of the full-dose vaccine (Table 1). We 
ran additional scenarios (see Fig. 1 and Table S2) with 5,000 or 
10,000 full doses available, delaying the vaccination campaigns 
by 5 or 10 weeks, and exploring fractional-dose VE ranging from 
17% (20% of the full-dose VE) to 85% (100% of the full-dose VE). 
In all scenarios, the high-risk population was vaccinated first, 
and additional doses (if available) were then offered to the low- 
risk population.

When a limited number of vaccine vials were available (2,500 
vaccine vials), sufficient to vaccinate 31% of the high-risk popula-
tion, a dose-sparing strategy prevented more infections compared 
with full-dose vaccination as long as the fractional-dose VE was 
>34%, retaining 40% of the effectiveness of a full dose. In that 
scenario, we projected 13% fewer infections when the 
dose-sparing strategy was implemented instead of the full-dose 
strategy with 1% less infections at the peak recorded over 6 
months (Table 1), and it averted 6% more infections than full-dose 
vaccination when comparing both strategies to a base-case scen-
ario without vaccination (Fig. 1A). In contrast, if 7,500 vaccine vi-
als were available (enough to cover 94% of the high-risk 
population), then full-dose campaigns were projected to outper-
form dose-sparing campaigns with low fractional-dose VE (34%). 
In that scenario, dose-sparing strategies would generate almost 
three times more infections than full-dose campaigns (Table 1), 
averting 21% fewer cumulative base-case infections (Fig. 1C).

Assuming high-fractional-dose VE (68%, retaining 80% of the 
full-dose VE), dose-sparing strategies always outperformed or 

were similar to full-dose campaigns. With limited vaccine supply 
(2,500 vials), dose-sparing strategies resulted in 69% fewer cumu-
lative infections and 77% less infections at the peak compared 
with full-dose strategies, averting an additional 30% in cumula-
tive base-case infections (Fig. 1A, magenta vs. black). With more 
vaccine supply, the number of base-case infections averted by 
the full-dose (86.7%) and fractional-dose (87.4%) strategies were 
similar with slightly more infections at the peak (+5.3%) projected 
with dose-sparing strategies.

In the most optimistic scenario in which fractional dosing is as 
effective as full dosing with limited number of vaccine vials avail-
able (2,500 vials), the fractional-dose strategy is expected to pre-
vent >30% more infections (compared with no vaccination) over 
6-month period. However, in simulations with large number of 
vaccine vials available (at least 7,500 vials), the projected increase 
in the infections averted by using fractional-dose compared with 
full-dose strategies was ∼5% when both strategies were imple-
mented without delay. This difference grew to 13% if vaccination 
was initiated after 10-week delay (Fig. 1C). In contrast, in the more 
pessimistic scenario, if fractional dosing had very low VE (17%), 
then dose-sparing strategies would result in more infections 
than full-dose vaccination across all scenarios considered. The 
projected difference between these two strategies in proportion 
infection averted was projected to be between 13 and 20% with 
limited vaccine availability (2,500 vials, Fig. 1A) but increased to 
>40% if >7,500 vaccine vials were available (Fig. 1C and D).

Our findings suggest that when there is limited availability of 
mpox vaccine supply, there is a threshold in the fractional dose 
VE above which it is expected to prevent more infections than full- 
dose vaccination. As a greater supply of vaccine becomes avail-
able, the threshold for fractional-dose VE needed to outperform 
full-dose vaccination increases: with 2,500 vials the threshold is 
below 34% as our main results showed; at 5,000 vials, fractional- 
dose vaccines need to be at least 51% efficacious (approximately 
same proportion of cumulative infections averted over 6 months 
when compared with no vaccination: 80 vs. 79.5%, respectively; 
Fig. 1B). If at least 7,500 vials were available, the fractional-dose 
vaccines needed to be at least 68% efficacious to avert as many in-
fections as the full-dose campaign (Fig. 1, C and D). There was lit-
tle gain in the number of infections averted once the available 
vaccine doses exceeded the size of the high-risk group (Fig. 1, C 
vs. D).

Discussion
Several regulatory agencies have approved the use of fractional 
dosing for the MVA vaccine, allowing each vaccine vial of the 
MVA vaccine to be divided into up to five intradermal fractional- 
dose vaccines. However, a recent study has raised concerns about 
the effectiveness of the fractional-dose vaccines (7). In the present 
work, we used a previously validated model of the network of an 
urban MSM population in the United States and adapted it to 
the summer of 2022 US mpox outbreak. Our analysis projected 
better population health outcomes with a dose-sparing compared 
with full-dose vaccine strategy in times when there is shortage in 
mpox vaccine supply. Considering that as of the summer of 2022, 
the United States had secured 1.1 million of MVA vaccines and 
that there are an estimated 1.7 million people at high risk (11), 
our results suggest that dose-sparing strategies would outperform 
full-dose vaccination provided that the fractional dose retains at 
least 60% effectiveness of the full dose. These results are consist-
ent with previous studies for other infectious diseases, such as 
cholera (12, 13), influenza (14, 15), and COVID-19 (16), which 

Table 1. Comparison of full-dose with dose-sparing mpox 
vaccination strategies for our main scenarios.

Full-dose 
vaccination 

strategy

Dose-sparing 
vaccination strategy 

(% incremental 
difference compared 

with full dose)

Population size of men who 
have sex with men 
(number high risk)

65,000 
[7,924]

Number of high-risk people 
vaccinated

2,500 8,750 (+250%)

Vaccine effectiveness (VE) 85% Low VE 
34%

High VE 
68%

Peak weekly number of 
new MPX infections over 
6 months

745 736 
(−1.2%)

170 
(−77.1%)

Cumulative number of new 
MPX infections over 6 
months

5,424 4,743 
(−12.6%)

1,679 
(−69.0%)

Number of people 
vaccinated

7,500 26,250 (+250%)

Vaccine effectiveness (VE) 85% Low VE 
34%

High VE 
68%

Peak weekly number of 
new MPX infections over 
6 months

115 655 
(+465%)

122 
(+5.3%)

Cumulative number of new 
MPX infections over 6 
months

1,420 4,147 
(+193%)

1,358 
(−4.3%)
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have found that dose-sparing strategies are optimal when the 
fractional-dose VE is around half as effective as the full dosage. The 
fewer the doses of MVA vaccine available, the projected payoff from 
using dose-sparing strategies increases. Finally, we demonstrated 
that delaying the vaccination even by a few weeks may lead to a sub-
stantial reduction of the expected benefits from the vaccination cam-
paign in terms of prevented infections. We have reported similar 
results when COVID vaccines were rolled out in early 2021 (17).

Our model, like any mathematical model, is subject to some 
limitations. We assumed that the MVA vaccine is highly effica-
cious in preventing infection, but more data are needed to evalu-
ate the effectiveness of the MVA vaccine in this outbreak. If the 
vaccine only prevents disease but not transmission, vaccinated 
individuals could continue to spread the mpox virus to others (2, 
18). We simulated an MSM population with relatively small pro-
portion of high-risk individuals. If this proportion was bigger, 
then dose-sparing strategies would be more effective when com-
pared with full-dose vaccination for low vaccine supply, provided 
that the fractional dose VE remained moderately high. We as-
sumed that mpox virus would transmit only in the MSM popula-
tion, but spillovers to other populations are likely to happen. 
Reports of people getting infected without sexual exposure are 
starting to emerge (19), but continue to be rare. Although we use 
vaccine supply as limiting factor, vaccination coverage may also 
be affected by vaccine accessibility and hesitancy which may 
vary by risk group and render some vaccination strategies more 
difficult to achieve. In the present work, we focused only on 
dose-sparing strategies as a way to stretch vaccine supply. 
However, other strategies, like delaying the second dose, could 
also be considered.

Taken together, our results suggest that when mpox vaccine 
supply is limited and fractional dosing retains at least moderate 
effectiveness, there can be meaningful health benefits from 

providing a smaller dose to a larger number of people in the high- 
risk population.

It is then imperative to evaluate the effectiveness of a fractional 
dose of the MVA vaccine in the context of the current outbreak.
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