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BACKGROUND
In the United States, more than 30,000 cases of mpox (formerly known as mon-
keypox) had occurred as of March 1, 2023, in an outbreak disproportionately af-
fecting transgender persons and gay, bisexual, and other men who have sex with 
men. In 2019, the JYNNEOS vaccine was approved for subcutaneous administra-
tion (0.5 ml per dose) to prevent mpox infection. On August 9, 2022, an emergency 
use authorization was issued for intradermal administration (0.1 ml per dose); 
however, real-world effectiveness data are limited for either route.

METHODS
We conducted a case–control study based on data from Cosmos, a nationwide Epic 
electronic health record (EHR) database, to assess the effectiveness of JYNNEOS 
vaccination in preventing medically attended mpox disease among adults. Case 
patients had an mpox diagnosis code or positive orthopoxvirus or mpox virus labo-
ratory result, and control patients had an incident diagnosis of human immuno-
deficiency virus (HIV) infection or a new or refill order for preexposure prophy-
laxis against HIV infection between August 15, 2022, and November 19, 2022. 
Odds ratios and 95% confidence intervals were estimated from conditional logistic-
regression models, adjusted for confounders; vaccine effectiveness was calculated 
as (1 − odds ratio for vaccination in case patients vs. controls) × 100.

RESULTS
Among 2193 case patients and 8319 control patients, 25 case patients and 335 con-
trol patients received two doses (full vaccination), among whom the estimated ad-
justed vaccine effectiveness was 66.0% (95% confidence interval [CI], 47.4 to 78.1), 
and 146 case patients and 1000 control patients received one dose (partial vaccina-
tion), among whom the estimated adjusted vaccine effectiveness was 35.8% (95% CI, 
22.1 to 47.1).

CONCLUSIONS
In this study using nationwide EHR data, patients with mpox were less likely to 
have received one or two doses of JYNNEOS vaccine than control patients. The 
findings suggest that JYNNEOS vaccine was effective in preventing mpox disease, 
and a two-dose series appeared to provide better protection. (Funded by the Centers 
for Disease Control and Prevention and Epic Research.)
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In the United States, more than 30,000 
confirmed and probable cases of mpox (for-
merly known as monkeypox) were reported 

as of March 1, 2023, in an outbreak dispropor-
tionately affecting transgender persons and gay, 
bisexual, and other men who have sex with 
men.1,2 Among persons with mpox disease, a 
large proportion are persons with human im-
munodeficiency virus (HIV) infection, those who 
have had a recent sexually transmitted infection 
(STI), or those who are receiving preexposure 
prophylaxis (PrEP) against HIV infection.3 How-
ever, mpox infection can be acquired by anyone, 
regardless of sex, gender identity, or sexual orien-
tation, through close, sustained physical contact.4

In 2019, the Food and Drug Administration 
(FDA) approved JYNNEOS vaccine (modified vac-
cinia Ankara [MVA] vaccine, Bavarian Nordic) 
administered subcutaneously in a two-dose se-
ries (0.5 ml per dose, 4 weeks apart) for preven-
tion of smallpox and mpox.5 On August 9, 2022, 
in order to increase the supply of vaccine available 
for use, an emergency use authorization (EUA) 
was issued for intradermal administration of 
the vaccine in a two-dose series (0.1 ml per dose, 
4 weeks apart).6,7 Vaccination is available for 
persons with known or presumed exposure to a 
person with mpox (offered as postexposure pro-
phylaxis) or with factors potentially increasing 
the likelihood of having been exposed (previously 
referred to as expanded postexposure prophy-
laxis).8,9 Vaccination may also be offered to per-
sons at high risk for exposure to mpox virus 
(MPXV) or who might benefit from vaccination 
(PrEP for mpox), including gay, bisexual, or other 
men who have sex with men; transgender persons; 
nonbinary or gender nonconforming persons; 
persons with HIV; persons eligible for PrEP against 
HIV; or persons with a recent (past 6 months) di-
agnosis of HIV or other nationally reportable STI.8,9

The effectiveness of JYNNEOS vaccine against 
mpox disease has been inferred from animal 
and immunogenicity studies for both the subcu-
taneous10 and intradermal7 administration routes; 
however, real-world effectiveness data about mpox 
PrEP are limited.11,12 We analyzed a large, nation-
wide electronic health record (EHR) database in 
the United States to estimate the effectiveness of 
partial (one dose) and full (two doses) vaccination 
with JYNNEOS as PrEP against mpox disease 

overall, among select subpopulations, and accord-
ing to route of administration.

Me thods

Study Design

We designed a case–control study using data from 
the Epic Cosmos platform, an integrated EHR 
database with information on more than 173 mil-
lion patients (as of the study period) from all 50 
states in the United States (see the Supplemen-
tary Methods section in the Supplementary Ap-
pendix, available with the full text of this article 
at NEJM.org).13 We defined our study period as 
August 15, 2022, through November 19, 2022, to 
capture the period of increased vaccine availabil-
ity after the EUA for intradermal administration 
was issued. The study was designed by staff from 
the Centers for Disease Control and Prevention 
(CDC) and Epic Research; staff from Epic Research 
gathered and analyzed the data, and staff from 
the CDC and Epic Research vouch for the accuracy 
and completeness of the data and for the fidelity of 
the study to the protocol, available at NEJM.org. 
Both CDC and Epic Research staff interpreted 
the results, drafted the manuscript, and decided 
to submit the manuscript for publication. All the 
authors contributed to developing the study design, 
interpreting the results, and critically reviewing 
and revising the manuscript. This activity was re-
viewed by the CDC, and the conduct of the study 
was consistent with applicable federal law and 
CDC policy.21

Case Patient and Control Patient Selection

Case patients were persons of any gender identity 
and age with either an initial mpox diagnosis code 
or a positive orthopoxvirus or MPXV laboratory test 
result during the study period (Table S1 in the 
Supplementary Appendix). We selected control pa-
tients on the basis of vaccine distribution guidance 
from the Administration for Strategic Prepared-
ness and Response8 and population characteristics 
of other studies examining vaccine performance.11 
Control patients included those with an incident 
clinical HIV diagnosis or a new positive HIV an-
tibody or antigen–antibody test, or a new or refill 
order for HIV PrEP who also had an in-person 
clinic visit during the study period. Patients with a 
previous mpox diagnosis or positive orthopoxvirus 
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or MPXV laboratory test result (from August 15, 
2021, through August 14, 2022) were excluded. For 
both case and control patients, we considered the 
date of diagnosis, laboratory test result, or pre-
scription date as the date of the index event.

To achieve comparability in routine health 
care–seeking behaviors between case patients 
and control patients, we excluded patients who 
had no in-person medical encounters during the 
3 years before their index event or who had only 
a telehealth visit to serve as the index event dur-
ing the study period. We also excluded control 
patients who had a documented prescription for 
tecovirimat (brand name, TPOXX, a smallpox and 
mpox antiviral agent) in the period from 14 days 
before their index event through the end of the 
study period (Fig. 1).

Each case patient was matched with up to 
four control patients without replacement, ac-
cording to the week of index event, Department 

of Health and Human Services census region, 
and gender identity (as categorized in Table 1). 
Case patients and control patients were randomly 
matched when more than four control patients 
were identified.

Definitions

Cosmos obtains vaccination information from 
state registries, health systems that contribute to 
Cosmos, other health systems through clinical 
record exchanges, and patient-reported histories 
verified by clinic staff; information is transferred 
within approximately 14 days after a health care 
encounter. Patients were considered to be fully 
vaccinated if they had received two doses of 
JYNNEOS vaccine at least 24 days apart (to ac-
count for a 4-day grace period),9,11,14 with the sec-
ond dose at least 14 days before the index event. 
Patients were considered to be partially vaccinat-
ed if they had received one dose at least 14 days 

Figure 1. Assessment of Eligibility for Case Patients and Control Patients.

Among 350 of 4494 patients with a new or refill order for human immunodeficiency virus (HIV) preexposure prophylaxis who were ex-
cluded because of an mpox diagnosis, 2 patients had a prescription for tecovirimat from 14 days before the index event through Novem-
ber 19, 2022. EHR denotes electronic health record, and MPXV mpox virus.

173,274,479 Patients had data
from an EHR database

2958 Had diagnosis or positive
laboratory result for MPXV between

Aug. 15, 2022, and Nov. 19, 2022

8583 Had new diagnosis of
HIV infection between

Aug. 15, 2022, and Nov. 19, 2022

689 Were excluded
380 Had only a tele-

health visit to serve
as the index event

309 Did not have in-
person visit within
3 yr before index
event

4545 Were excluded
107 Had mpox diag-

nosis between
Aug. 15, 2021, and
Aug. 14, 2022

1799 Had only a tele-
health visit to serve
as the index event

2639 Did not have in-
person visit within
3 yr before index
event

4494 Were excluded
350 Had mpox diag-

nosis between
Aug. 15, 2021, and
Aug. 14, 2022

1635 Had only a tele-
health visit to serve
as the index event

2509 Did not have in-
person visit within
3 yr before index
event

2269 Were case patients
(2266 were matched)

4038 Were included in control group 1

25,064 Had new or refill order for
HIV preexposure prophylaxis between

Aug. 15, 2022, and Nov. 19, 2022

20,570 Were included in control group 2

24,608 Were included in the combined
control group

(8649 were matched controls)
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before the index event or if they had received a 
second dose less than 14 days before the index 
event; patients who had received two doses less 
than 24 days apart were excluded from vaccine-
effectiveness estimates. Patients were considered 
to be unvaccinated if there were no documented 
doses before the index event; patients who had 
received one dose less than 14 days before the 
index event were excluded from vaccine-effective-
ness estimates because vaccination might repre-
sent postexposure prophylaxis against mpox.

We categorized the route of administration as 
subcutaneous, intradermal, other (i.e., improba-
ble administration routes, including intramuscu-
lar, oral, or sublingual), or missing. For vaccina-
tions before August 9, 2022, we recategorized 
the route of administration from “other” or 
“missing” to “subcutaneous” because JYNNEOS 
was authorized only for subcutaneous adminis-
tration during this time. For vaccinations on or 
after August 9, 2022, we used dosage informa-
tion to recategorize the route of administration: 
vaccinations with a route documented as “other” 
or “missing” and a dose of 0.5 ml were recatego-
rized as “subcutaneous,” and those with a dose 
of 0.1 ml were recategorized as “intradermal.” 
Vaccines administered on or after August 9, 2022, 
with a route of “missing” or “other” and a dose 
other than 0.1 ml or 0.5 ml were not recategorized.

We examined several covariates, including de-
mographic characteristics (e.g., score on the Social 
Vulnerability Index [SVI], an indicator of com-
munity-level vulnerability),15,16 patient medical con-
ditions (e.g., immunocompromising conditions, 
including HIV, identified on the basis of EHR 
documentation of International Classification of Dis-
eases, 10th revision, diagnostic codes or prescrip-
tions for immunosuppressive medications in the 
previous 6 months17,18 [Table S2]), characteristics 
of health care use (e.g., the number of in-person 
encounters during the year before the index event), 
and characteristics associated with the index event 
(e.g., hospitalization).

Statistical Analysis

We used conditional logistic regression to account 
for matching and to estimate crude odds ratios 
and adjusted odds ratios evaluating the association 
between vaccination status and case patient or 
control patient status; adjusted odds ratios ac-
counted for potential confounders (age, race or 

ethnic group, SVI score, and the presence or ab-
sence of immunocompromising conditions) iden-
tified a priori through causal diagrams. Vaccine 
effectiveness and adjusted vaccine effectiveness 
were calculated as (1 − odds ratio or adjusted odds 
ratio, respectively) × 100. Associations between age, 
race or ethnic group, SVI score, and the presence 
or absence of immunocompromising conditions 
and case patient or control patient status were also 
estimated (Table S3). Confidence intervals were 
not adjusted for multiplicity and should not be 
used in place of hypothesis tests. Analyses were 
conducted with the use of R software, version 
4.1.2 (R Foundation for Statistical Computing).

In secondary analyses, we sought to examine 
a priori vaccine effectiveness among six subpopu-
lations of interest: persons who identified as fe-
male, persons who identified as male, persons 
who identified as male who were 18 to 49 years 
of age and had not had ACAM2000 vaccination 
(to account for documented or potential small-
pox vaccination among persons ≥50 years of age, 
because routine smallpox vaccination ended in 
1972),19 persons without immunocompromising 
conditions, persons with immunocompromising 
conditions, and persons with HIV infection. 
However, limited sample sizes precluded us from 
examining vaccine effectiveness among persons 
who identified as female (none of the patients 
with female gender identity, as compared with 
2 female patients according to legal sex, were 
fully vaccinated [Table S4]), persons with immu-
nocompromising conditions (34 of 2633 patients 
with immunocompromising conditions [1.3%] 
were fully vaccinated), or persons with HIV (22 of 
2222 patients with HIV [1.0%] were fully vacci-
nated). Subpopulation analyses were adjusted for 
age, race or ethnic group, and SVI scores; analy-
ses for men only and for men who were 18 to 49 
years of age who had not received ACAM2000 
vaccination were also adjusted for the presence 
or absence of immunocompromising conditions.

In addition, we a priori sought to examine vac-
cine effectiveness according to route of vaccine 
administration among persons who were fully 
vaccinated. Limited sample sizes precluded the 
examination of vaccine effectiveness among per-
sons who were fully vaccinated subcutaneously 
(69 patients) or intradermally (47 patients). Fi-
nally, to assess the robustness of our findings 
against unmeasured confounders, E values were 
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Table 1. Characteristics of Case Patients and Control Patients, among Persons seeking Health Care.*

Characteristic
Case Patients 

(N = 2266)
Control Patients 

(N = 8649)

Demographic and clinical characteristics

Age at index event — no. (%)

18–35 yr 1252 (55.3) 4221 (48.8)

36–49 yr  707 (31.2) 2434 (28.1)

50–64 yr  273 (12.0) 1619 (18.7)

≥65 yr  34 (1.5) 375 (4.3)

Legal sex — no. (%)

Male 2059 (90.9) 7821 (90.4)

Female 204 (9.0) 815 (9.4)

Other    1 (<0.1)   5 (0.1)

Unknown   2 (0.1)   8 (0.1)

Gender identity — no. (%)

Male 2022 (89.2) 7717 (89.2)

Female 199 (8.8) 790 (9.1)

Transgender male   2 (0.1)   4 (0.1)

Transgender female  23 (1.0)  75 (0.9)

Other  19 (0.8)  62 (0.7)

Chose not to disclose    1 (<0.1)    1 (<0.1)

Race or ethnic group — no. (%)†

Non-Hispanic White  792 (35.0) 4800 (55.5)

Non-Hispanic Black  816 (36.0) 1545 (17.9)

Hispanic  500 (22.1) 1519 (17.6)

Non-Hispanic Asian  71 (3.1) 413 (4.8)

Non-Hispanic Alaska Native or American Indian   8 (0.4)  24 (0.3)

Other, non-Hispanic  79 (3.5) 348 (4.0)

Social Vulnerability Index quartile — no. (%)‡

0–0.24  268 (11.8) 1423 (16.5)

0.25–0.49  374 (16.5) 2030 (23.5)

0.50–0.74  501 (22.1) 2209 (25.5)

0.75–1.00 1106 (48.8) 2954 (34.2)

Unknown  17 (0.8)  33 (0.4)

U.S. Census region — no. (%)

South  879 (38.8) 3235 (37.4)

Northeast  322 (14.2) 1273 (14.7)

West  708 (31.2) 2693 (31.1)

Midwest  357 (15.8) 1448 (16.7)

Immunocompromising condition — no. (%)§

No 1304 (57.5) 6924 (80.1)

Yes  962 (42.5) 1725 (19.9)

HIV infection — no. (%)

No 1407 (62.1) 7241 (83.7)

Yes  859 (37.9) 1408 (16.3)

HIV infection and CD4 cell count <200/mm3 in previous 6 mo — no. (%)

No 2052 (90.6) 8394 (97.1)

Yes 214 (9.4) 255 (2.9)

New diagnosis of HIV infection — no./total no. (%)¶

No 1407/1526 (92.2) 7241/8649 (83.7)

Yes 119/1526 (7.8) 1408/8649 (16.3)
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Characteristic
Case Patients 

(N = 2266)
Control Patients 

(N = 8649)

Active HIV PrEP prescription among persons without HIV infection  
— no./total no. (%)

No 1217/1407 (86.5) 0

Yes 190/1407 (13.5) 7241/7241 (100.0)

Vaccinated with ACAM2000 before 2022 — no. (%)

No 2258 (99.6) 8562 (99.0)

Yes   8 (0.4)  87 (1.0)

Vaccination status

Fully vaccinated‖

Overall — no./total no. (%)  25/2193 (1.1) 335/8319 (4.0)

Administration timing relative to index event — no./total no. (%)

Second dose, 24–28-day interval and ≥14 days before index event 11/25 (44.0) 133/335 (39.7)

Second dose, 29–45-day interval and ≥14 days before index event 11/25 (44.0) 164/335 (49.0)

Second dose, ≥46-day interval and ≥14 days before index event  3/25 (12.0)  38/335 (11.3)

Administration route for both doses — no./total no. (%)

Subcutaneous  6/25 (24.0)  63/335 (18.8)

Intradermal  5/25 (20.0)  42/335 (12.5)

Heterologous  8/25 (32.0) 150/335 (44.8)

Other or missing  6/25 (24.0)  80/335 (23.9)

Partially vaccinated**

Overall — no./total no. (%) 146/2193 (6.7) 1000/8319 (12.0)

Administration timing relative to index event — no./total no. (%)

First dose, ≥14 days before index event  80/146 (54.8) 366/1000 (36.6)

First dose, ≥24-day interval and <14 days before index event  53/146 (36.3) 269/1000 (26.9)

Second dose after index event 13/146 (8.9) 365/1000 (36.5)

Administration route — no./total no. (%)

Subcutaneous 106/146 (72.6) 704/1000 (70.4)

Intradermal  27/146 (18.5) 186/1000 (18.6)

Other or missing 13/146 (8.9) 110/1000 (11.0)

Unvaccinated††

Overall — no./total no. (%) 2022/2193 (92.2) 6984/8319 (84.0)

Administration timing relative to index event — no./total no. (%)

No documented doses 1922/2022 (95.1) 6406/6984 (91.7)

First dose on same day as index event 70/2022 (3.5) 171/6984 (2.4)

First dose after index event 30/2022 (1.5) 407/6984 (5.8)

*  Case patients had an mpox diagnosis code or a positive orthopoxvirus or mpox virus laboratory result, and control 
patients had an incident diagnosis of human immunodeficiency virus (HIV) infection or a new or refill order for pre-
exposure prophylaxis (PrEP) against HIV infection between August 15, 2022, and November 19, 2022. Percentages 
may not sum to 100 because of rounding.

†  Race or ethnic group was reported by the patients.
‡  Scores on the Social Vulnerability Index, an indicator of community-level vulnerability, range from 0 to 1.0, with high-

er scores indicating greater vulnerability.
§  Immunocompromising conditions include selected conditions identified on the basis of electronic health record docu-

mentation of International Classification of Diseases, 10th revision, diagnostic codes or prescriptions for immunosup-
pressive medications in the previous 6 months (Table S2).

¶  Totals exclude patients who were not at risk for a new HIV diagnosis (owing to an existing HIV diagnosis).
‖  Patients were considered to be fully vaccinated if they had received two doses of JYNNEOS vaccine at least 24 days 

apart and the second dose was at least 14 days before the index event. Patients were excluded if they had received 
two doses less than 24 days apart (no case patients and 7 control patients).

**  Patients were considered to be partially vaccinated if they had received one dose at least 14 days before the index event, 
or if the second dose was less than 14 days before the index event; patients who had received one dose less than 14 days 
before the index event were excluded because vaccination might represent postexposure prophylaxis (73 case patients and 
323 control patients).

††  Patients were considered to be unvaccinated if there were no documented doses before the index event.

Table 1. (Continued.)
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calculated overall and according to subpopula-
tions of interest.20

R esult s

Patients

Between August 15, 2022, and November 19, 2022, 
a total of 2958 case patients and 33,647 control 
patients were identified (Fig. 1). After exclusions, 
2269 case patients and 24,608 controls remained, 
and 2266 case patients (99.9%) were matched to 
8649 controls (35.1%).

Overall, 89.2% of the patients identified as men, 
9.1% as women, 1.0% as transgender women or 
men, and 0.7% as another gender identity (Ta-
ble 1). Case patients were younger than control 
patients, and more case patients were non-His-
panic Black or Hispanic; more case patients were 
in the highest quartile of SVI scores than control 
patients. More case patients than control pa-
tients had an immunocompromising condition 
(42.5% vs. 19.9%). During the study period, more 
case patients than control patients had HIV and 
had had a CD4 cell count of less than 200 per 
cubic millimeter in the previous 6 months (9.4% 
vs. 2.9%), but fewer case patients than control pa-
tients had a new HIV diagnosis (7.8% vs. 16.3%). A 
total of 8 case patients and 87 control patients had 
documentation of previous ACAM2000 vaccina-
tion. Case patients and control patients had a 
similar number of underlying conditions and 
in-person health care encounters in the previous 
year (Table S5).

Vaccine Effectiveness

Among 2193 case patients included in vaccine-
effectiveness analyses, 2022 were unvaccinated, 
146 were partially vaccinated, and 25 were fully 
vaccinated (Table 2). Among 8319 control patients 
included in vaccine-effectiveness analyses, 6984 
were unvaccinated, 1000 were partially vaccinat-
ed, and 335 were fully vaccinated. Unadjusted 
vaccine effectiveness was 52.0% (95% confidence 
interval [CI], 42.3 to 60.1) for partial vaccination 
and 77.2% (95% CI, 65.0 to 85.1) for full vaccina-
tion. After adjustment for age, race or ethnic 
group, SVI score, and the presence or absence of 
immunocompromising conditions, vaccine effec-
tiveness was 35.8% (95% CI, 22.1 to 47.1) for 
partial vaccination and 66.0% (95% CI, 47.4 to 
78.1) for full vaccination (Table 2). Among men 
18 to 49 years of age who had not received 

ACAM2000 vaccination, adjusted JYNNEOS vac-
cine effectiveness was 35.5% (95% CI, 19.1 to 
48.6) for partial vaccination and 58.7% (95% CI, 
33.9 to 74.3) for full vaccination (Table 3). In pa-
tients without an immunocompromising condi-
tion, adjusted vaccine effectiveness was 40.8% 
(95% CI, 24.8 to 53.4) with partial vaccination 
and 76.3% (95% CI, 57.7 to 86.8) with full vac-
cination.

We examined vaccine effectiveness according 
to route of administration among fully vacci-
nated persons for whom information regarding 
the route of administration was available. A total 
of 32.0% of case patients and 44.8% of control 
patients received vaccine with a heterologous 
regimen (i.e., one dose subcutaneously and one 
dose intradermally) (Table 1); unadjusted vaccine 
effectiveness for heterologous administration was 
84.1% (95% CI, 67.1 to 92.3), and adjusted vaccine 
effectiveness was 75.2% (95% CI, 48.0 to 88.2).

E values suggested that point estimates for 
associations of interest would be completely ex-
plained by unmeasured confounders that were 
moderately associated (i.e., relative risk ≥2.5) with 
vaccination status and case patient or control pa-
tient status (Table S6).

Discussion

In this study using nationwide EHR data, patients 
with mpox were less likely to be vaccinated with 
JYNNEOS vaccine than control patients; the esti-
mated adjusted vaccine effectiveness was 66.0% 
(95% CI, 47.4 to 78.1) in fully vaccinated persons 
and 35.8% (95% CI, 22.1 to 47.1) in partially vac-
cinated persons. These results suggest that both 
one and two doses of the vaccine provide protec-
tion against mpox disease.

Among men 18 to 49 years of age without a 
history of ACAM2000 vaccination, adjusted vac-
cine effectiveness was 58.7% (95% CI, 33.9 to 74.3) 
in fully vaccinated persons and 35.5% (95% CI, 
19.1 to 48.6) in those who were partially vacci-
nated. Persons 50 years of age or older, who were 
excluded from this subpopulation analysis, might 
have had a previous smallpox vaccination19 or 
might have been at lower risk for mpox disease 
than younger men22; however, the point estimates 
for this subpopulation were similar to the overall 
point estimates.

Among persons without immunocompromis-
ing conditions, vaccine effectiveness was 76.3% 
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(95% CI, 57.7 to 86.8) in those who were fully 
vaccinated and 40.8% (95% CI, 24.8 to 53.4) in 
those who were partially vaccinated; these per-
centages were higher than the overall point esti-
mate, although confidence intervals overlapped. 
Persons with immunocompromising conditions 
might mount a less effective immune response 
after vaccinations,23 such that vaccine effective-

ness is lower in this group than among persons 
without such conditions. Persons with immuno-
compromising conditions compose a large pro-
portion of those with mpox and may be more 
likely to have severe outcomes.3,4,22,24 We could 
not estimate vaccine effectiveness among the 
immunocompromised population because vac-
cine coverage was low (1.3% were fully vacci-

Table 2. Estimated Vaccine Effectiveness against Diagnosed Mpox among Persons Seeking Health Care, August 15 
through November 19, 2022.*

Persons Seeking Health Care
Case 

Patients
Control 
Patients

Vaccine Effectiveness 
(95% CI)

Unadjusted Adjusted†

number percent

Unvaccinated, reference population 2022 6984

Partially vaccinated, 1 dose 146 1000 52.0 (42.3–60.1) 35.8 (22.1–47.1)

Fully vaccinated, 2 doses 25 335 77.2 (65.0–85.1) 66.0 (47.4–78.1)

*  CI denotes confidence interval.
†  Adjustment was for age group (18 to 35, 36 to 49, and ≥50 years), race or ethnic group (non-Hispanic White, non-

Hispanic Black, and other non-Hispanic), Social Vulnerability Index quartile (quartile 1 to 4, or unknown), and the pres-
ence or absence of an immunocompromising condition.

Table 3. Estimated Vaccine Effectiveness against Diagnosed Mpox among Persons Seeking Health Care, According to 
Subpopulations of Interest, August 15 through November 19, 2022.

Subpopulation
Case 

Patients
Control 
Patients

Vaccine Effectiveness 
(95% CI)

Unadjusted Adjusted*

number percent

Men only†

Unvaccinated, reference group 1792 6075

Partially vaccinated 136 983 54.5 (45.0–62.5) 35.9 (21.6–47.6)

Fully vaccinated 25 335 77.3 (65.3–85.2) 64.8 (45.2–77.3)

Men only, 18–49 yr of age and without 
ACAM2000 vaccination†

Unvaccinated, reference group 1561 4632

Partially vaccinated 119 787 56.9 (46.7–65.2) 35.5 (19.1–48.6)

Fully vaccinated 23 247 73.4 (58.3–83.0) 58.7 (33.9–74.3)

Not immunocompromised

Unvaccinated, reference group 1151 5368

Partially vaccinated 102 932 47.0 (33.2–58.0) 40.8 (24.8–53.4)

Fully vaccinated 14 312 80.6 (65.5–89.1) 76.3 (57.7–86.8)

*  Adjustment was for age group (18 to 35, 36 to 49, and ≥50 years), race or ethnic group (non-Hispanic White, non-
Hispanic Black, and other non-Hispanic), Social Vulnerability Index quartile (quartile 1 to 4, or unknown), and the pres-
ence or absence of an immunocompromising condition.

†  This category includes patients whose gender identity was male.
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nated). Additional research is needed to evaluate 
vaccine effectiveness among persons with im-
munocompromising conditions, and these per-
sons may choose to take additional precautions 
to reduce the risk of or prevent mpox infection.25

Our findings are consistent with those of the 
few studies examining the effectiveness of JYN-
NEOS (MVA) vaccine against mpox disease. A 
study that examined vaccine performance with 
the use of surveillance data from 43 U.S. juris-
dictions showed that the incidence of mpox 
disease was 7.4 times and 9.6 times as high 
among unvaccinated men who were 18 to 49 
years of age and who were eligible for JYNNEOS 
vaccination as among those who received a first 
or second vaccine dose at least 14 days earlier, 
respectively; it is notable that this study relied on 
data from separate surveillance systems, which 
required several assumptions, and was unable to 
account for potential confounding factors.11 A 
cohort study from Israel showed that MVA vac-
cine was associated with an 86% decrease in the 
incidence of mpox disease among men receiving 
HIV PrEP or men with HIV who had a diagnosis 
of one or more STIs; however, the study exam-
ined only a single, subcutaneously administered 
dose, and the cohort included only 21 persons 
with mpox, factors that resulted in imprecise 
estimates.12

Our findings have implications for public 
health and clinical practice. Evidence from im-
munogenicity studies provided the basis for im-
plementing intradermal vaccination as a strategy 
to increase vaccine supply, because intradermal 
administration requires one fifth the dosage of 
subcutaneous administration.7,26 We found that 
two doses of vaccine, including those adminis-
tered subcutaneously, intradermally, or heterolo-
gously, provided the highest protection against 
mpox disease.26 Furthermore, our finding that 
vaccine effectiveness was higher among persons 
who received two doses, rather than one dose, 
highlights the importance of following the ap-
proved dosing schedule. Recent data suggest that 
only 57.6% of first-dose vaccine recipients who 
were eligible to receive a second dose did so.27

Our study has several limitations. This was 
an observational study, and therefore it does not 
provide definitive evidence of causality. In addi-
tion, although Cosmos data reflect the age and 
race or ethnic group distribution of the U.S. 

population, the data represent only persons who 
sought health care during the previous 3 years. 
Because information regarding sexual orientation 
and behavior are not consistently documented in 
the Cosmos database, we relied on clinical en-
counter and diagnostic information to select con-
trol patients with characteristics that were con-
sistent with characteristics outlined in the Mpox 
National Vaccine Strategy,8 which included pa-
tients receiving HIV PrEP or with a new HIV 
diagnosis. However, we might have inadvertently 
missed or included persons who were eligible or 
ineligible, respectively, for vaccination. In addi-
tion, case patients and control patients differed 
slightly according to HIV status; eligible case 
patients had either an existing or a new HIV 
diagnosis, whereas eligible control patients had 
only a new HIV diagnosis. Underascertainment 
of vaccination status, which would occur for pa-
tients vaccinated at non-Epic sites outside their 
state of residence, would underestimate vaccine 
effectiveness if vaccinated control patients were 
misclassified as unvaccinated. For vaccinations 
before the EUA was issued on August 9, 2022, we 
recategorized “other” routes of administration 
as “subcutaneous”; however, it is possible that we 
erroneously recategorized vaccinations adminis-
tered incorrectly. Because we lacked information 
on patients’ exposures to persons with mpox, we 
could not differentiate those vaccinated less 
than 14 days after their index event from those 
receiving mpox postexposure prophylaxis or ex-
panded postexposure prophylaxis, and as a re-
sult we excluded those persons from analyses. 
Limited sample sizes resulted in imprecise esti-
mates and precluded us from examining vaccine 
effectiveness among all subpopulations of inter-
est, or according to all routes of administration. 
Although unmeasured confounding might influ-
ence vaccine effectiveness, E values suggested that 
our findings were robust to unmeasured con-
founding.

This study, which used data from a national 
EHR data platform, suggested that JYNNEOS vac-
cine was effective at reducing the risk of mpox 
disease, with effectiveness that appeared to be 
greater among persons who completed the two-
dose series. In addition to vaccination, persons 
might benefit from strategies to prevent or reduce 
the risk of acquiring or transmitting mpox.25,28 
Further research is needed to understand vac-
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cine effectiveness according to route of adminis-
tration and among subpopulations at risk for 
severe outcomes.

The findings and conclusions in this manuscript are those of 
the authors and do not necessarily represent the official position 
of the Centers for Disease Control and Prevention.
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