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As of November 9, 2022, a total of 28,730 cases of monkeypox 
(mpox) had been reported in the United States,* primarily among 
adult cisgender men reporting recent male-to-male sexual contact 
(1). Transgender and gender-diverse persons, who constitute an 
estimated 0.5% of the U.S. adult population,† face unique health 
disparities and barriers to care (2–4). However, data on the epide-
miologic and clinical features of Monkeypox virus infections in this 
population are limited (5). CDC analyzed U.S. case surveillance 
data on mpox cases in transgender and gender-diverse adults 
reported during May 17–November 4, 2022. During this period, 
466 mpox cases in transgender and gender-diverse adults were 
reported, accounting for 1.7% of reported cases among adults. 
Most were in transgender women (43.1%) or gender-diverse 
persons (42.1%); 14.8% were in transgender men. Among 374 
(80.3%) mpox cases in transgender and gender-diverse adults 
with information available on sexual or close intimate contact, 
276 (73.8%) reported sexual or close intimate contact with a 
cisgender male partner during the 3 weeks preceding symptom 
onset. During the ongoing outbreak, transgender and gender-
diverse persons have been disproportionately affected by mpox. 
Members of this population frequently reported recent sexual or 
close intimate contact with cisgender men, who might be in sexual 
networks experiencing the highest incidence of mpox. These find-
ings highlight the importance of tailoring public health prevention 

* https://www.cdc.gov/poxvirus/monkeypox/response/2022/index.html 
(Accessed November 9, 2022).

† Transgender and gender-diverse persons are those whose gender identity might 
differ from their assigned sex at birth. This description includes transgender women, 
transgender men, and gender-diverse persons identifying as another gender (i.e., 
not transgender or cisgender), such as nonbinary, genderqueer, and gender 
nonconforming. Using data from CDC’s 2017–2020 Behavior Risk Factor 
Surveillance System and 2017 and 2019 Youth Risk Behavior Survey, which rely 
on self-reporting of gender identity, the Williams Institute estimates that 1.3 million 
transgender and gender-diverse adults live in the United States; however, this 
percentage might be an underestimate because some persons might have been 
reluctant to disclose their gender identity because of fear of stigma or other reasons.

and outreach efforts to transgender and gender-diverse commu-
nities and could guide strategies to reduce mpox transmission.

Data on confirmed and probable cases of mpox are electroni-
cally reported by jurisdictional health departments to CDC using 
a standardized case report form§ or the National Notifiable 
Diseases Surveillance System.¶ CDC analyzed case report form 

§ https://www.cdc.gov/poxvirus/monkeypox/pdf/sCRF-Short-Form.pdf
¶ https://www.cdc.gov/nndss/index.html
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data for persons aged ≥18 years with probable or confirmed mpox 
reported through November 4, 2022. CDC identified persons 
as transgender or gender-diverse if their self-reported gender** 
was transgender or “another gender identity” (i.e., not cisgender 
or transgender); in addition, persons whose self-reported gender 
identity differed from their assigned sex at birth were considered 
transgender.†† This descriptive analysis included demographic and 
epidemiologic characteristics, exposure characteristics, symptoms, 
HIV status, and hospitalization status. Data were stratified by 
gender identity. Because of the high level of missingness of some 
variables, statistical testing was not performed. This activity was 
reviewed by CDC and was conducted consistent with applicable 
federal law and CDC policy.§§

As of November 4, 2022, a total of 28,072 cases of mpox had 
been reported in U.S. adults, primarily among cisgender men 
(94.8%); 2.6% of cases occurred in cisgender women (Table 1). 
A total of 466 (1.7%) adults with mpox were transgender or 

 ** Case report form responses to “Do you currently describe yourself as male, 
female, or transgender?” include “male,” “female,” “transgender female,” 
“transgender male,” and “another gender identity.”

 †† Thirty-six adults assigned male sex at birth identified as women and were 
classified as transgender women; 23 adults assigned female sex at birth 
identified as men and were classified as transgender men. Information on 
assigned sex at birth or gender identity was available for 98.4% of all adults 
with mpox. Among 10,370 (36.9%) persons for whom self-reported gender 
or assigned sex at birth was missing, gender identity was presumed to be 
cisgender consistent with the available response, unless their gender (if 
reported) was transgender or “another gender identity.”

 §§ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 
U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

TABLE 1. Gender identity* of adults who received a diagnosis of mpox 
(N = 28,072) — United States, May–November 2022

Gender identity No. (%)

Cisgender, total 27,352 (97.4)
Cisgender men 26,616 (94.8)
Cisgender women 736 (2.6)
Transgender and gender-diverse, total 466 (1.7)
Gender-diverse persons† 196 (0.7)
Transgender women 201 (0.7)
Transgender men 69 (0.2)
Missing 254 (0.9)
All persons 28,072 (100)

* Because of differences in collection of sex and gender information among 
jurisdictions, both sex and gender were used to represent gender identity. 
Persons whose reported sex differed from their reported gender were classified 
as transgender (59). Self-reported gender or sex assigned at birth were missing 
for 10,370 (36.9%) adults and their gender identity was presumed to be 
cisgender consistent with the available response unless their gender identity 
was reported as transgender or “another gender identity.”

† Persons whose self-reported gender was “another gender identity” (i.e., not 
transgender or cisgender), such as nonbinary, genderqueer, and gender 
nonconforming, were classified as gender-diverse.

gender-diverse; among these persons, most were transgender 
women (43.1%) or gender-diverse persons (42.1%); 14.8% 
were transgender men. A total of 223 persons with missing age 
were excluded. Among 157 (80.1%) cases in gender-diverse 
adults with available data on assigned sex at birth, 151 (96.2%) 
were assigned male sex at birth.

Overall, approximately 52.1% of cases in transgender and 
gender-diverse adults were reported from New York City (26.0%) 
or California (26.2%). The median age of transgender and 
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TABLE 2. Demographic, epidemiologic, and clinical features of 
transgender, gender-diverse, and cisgender adults who received a 
diagnosis of mpox — United States, May–November 2022

Characteristic

No. (%)*

Transgender and 
gender-diverse 

persons 
(n = 466)

Cisgender 
persons 

(n = 27,352)

Median age, yrs (range) 32 (18–71) 34 (18–89)
Race and ethnicity†

American Indian or Alaska Native 2 (0.5) 104 (0.5)
Asian 11 (2.6) 691 (3.0)
Black or African American 115 (27.6) 7,417 (32.2)
Hispanic or Latino 154 (37.0) 7,132 (30.9)
Native Hawaiian or other Pacific Islander 1 (0.2) 65 (0.3)
White 117 (28.1) 6,939 (30.1)
Multiracial or other race or ethnicity 16 (3.8) 716 (3.1)
Missing 50 (—) 4,288 (—)
Sex or close intimate contact in the 3 wks before symptom onset
Any recently reported sexual or close 

intimate contact
316 (84.5) 13,556 (82.1)

Recent partners exclusively cisgender men 261 (69.8) 11,610 (70.3)
Recent partners include cisgender men 

and other genders
15 (4.0) 418 (2.5)

Recent partners exclude cisgender men 10 (2.7) 752 (4.6)
Genders of all partners unknown or 

not specified
30 (8.0) 776 (4.7)

No recently reported sexual or close 
intimate contact

58 (15.5) 2,962 (17.9)

Missing 92 (—) 10,834 (—)
HIV infection status
HIV positive 79 (47.6) 3,469 (55.1)
HIV negative 87 (52.4) 2,825 (44.9)
Missing 300 (—) 21,058 (—)
Hospitalized
Yes§ 21 (6.9) 800 (6.5)
No 284 (92.8) 11,574 (93.5)
Missing 160 (—) 14,978 (—)

* Percentages were calculated using nonmissing data.
† Persons of Hispanic or Latino (Hispanic) origin might be of any race but are 

categorized as Hispanic; all racial groups are non-Hispanic.
§ Among the 21 transgender and gender-diverse persons who were hospitalized, 

reason for hospitalization was available for 11 (52%): five were hospitalized 
for pain control, two for treatment of secondary infections, two for exacerbation 
of an underlying condition, and two for breathing problems, one of whom 
required mechanical ventilation; five were hospitalized for other reasons 
(patients could be hospitalized for more than one reason). HIV status was 
available for 18 (86%) of the hospitalized transgender and gender-diverse 
persons, among whom 13 had HIV infection.

gender-diverse adults with mpox was 32 years (range = 18–71 years) 
(Table 2). Among the 416 (89.3%) transgender and gender-diverse 
adults with mpox for whom race and ethnicity were reported, 37.0% 
of cases occurred in Hispanic or Latino (Hispanic)¶¶ persons, 28.1% 
in non-Hispanic White persons, 27.6% in non-Hispanic Black or 
African American (Black) persons, and the remainder in persons of 
another race or ethnicity. The racial and ethnic distribution among 
transgender and gender-diverse persons with mpox was generally 
similar to that among cisgender persons.

¶¶ Persons of Hispanic origin might be of any race but are categorized as Hispanic; 
all racial groups are non-Hispanic.

Summary
What is already known about this topic?

Epidemiologic data on and clinical characteristics of monkeypox 
(mpox) in transgender and gender-diverse persons are limited.

What is added by this report?

The ongoing mpox outbreak has disproportionately affected 
transgender and gender-diverse (i.e., not cisgender or transgen-
der) adults. The most commonly reported potential exposure 
among transgender and gender-diverse adults with mpox was 
recent sexual contact with cisgender men; these men might be 
in sexual networks experiencing the highest mpox incidence.

What are the implications for public health practice?

Addressing the unique health needs faced by many transgen-
der and gender-diverse adults is an important public health 
priority. Tailoring prevention and outreach efforts to transgen-
der and gender-diverse communities might reduce the 
disproportionate incidence of mpox in this population.

Among 374 (80.3%) transgender and gender-diverse adults 
with sexual and close intimate contact information available, 
316 (84.5%) reported engaging in any sexual or close intimate 
contact during the 3 weeks preceding symptom onset, including 
276 (73.8%) who reported sexual or close intimate contact with 
a cisgender man (261 had exclusively cisgender men as partners, 
and 15 had partners who included cisgender men and persons of 
other genders). Ten (2.7%) transgender and gender-diverse adults 
with mpox reported exclusive sexual or close intimate contact with 
partners who were not cisgender men. Similarly, among 16,518 
(60.4%) cisgender adults with this information available, 13,556 
(82.1%) reported engaging in sex or close intimate contact during 
the 3 weeks before symptom onset, most often with a cisgender man.

The most frequently reported signs and symptoms reported 
by transgender and gender-diverse adults with mpox included 
rash (91.8%), malaise (67.3%), fever (64.9%), pruritis (63.9%), 
headache (63.7%), chills (62.2%) myalgia (61.9%), and 
enlarged lymph nodes (58.9%). Among 166 (35.6%) transgen-
der and gender-diverse adult mpox patients with data available 
on HIV status, 79 (47.6%) had HIV infection, including 34 of 
57 (59.6%) transgender women, six of 21 (28.6%) transgender 
men, and 39 of 88 (44.3%) gender-diverse persons. HIV preva-
lence among cisgender adults with mpox with available data 
was 55.1%. Among 306 transgender and gender-diverse adults 
with hospitalization data, 21 (6.9%) were hospitalized, similar 
to 6.5% of cisgender adults with available data. Among the 
21 transgender and gender-diverse persons who were hospital-
ized, nine (43%) were transgender women, seven (33%) were 
gender-diverse persons, and five (24%) were transgender men. To 
date, no mpox-associated deaths have been reported among the 
transgender or gender-diverse adults identified in this analysis.
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Discussion

Mpox cases among transgender and gender-diverse adults 
have accounted for 1.7% of total U.S. cases. Based on the esti-
mated percentage of U.S. adults who identify as transgender 
or gender-diverse (0.5%), this population has been overrep-
resented among mpox cases during the ongoing outbreak (2). 
Among transgender and gender-diverse persons with available 
sexual and close intimate contact information, a commonly 
reported potential exposure was recent sexual or close intimate 
contact with a cisgender man (73.8%); these cisgender men 
might be in sexual networks experiencing the highest preva-
lence of mpox (1). These findings are similar to those from an 
analysis of mpox cases occurring in 62 transgender women in 
Europe and the Americas during May–October 2022 (6); in 
that study, the likeliest route of transmission for most transgen-
der women (89%) was sexual contact, with a majority reporting 
having had a male sexual partner during the preceding month.

Similar to cisgender adults with mpox, Hispanic (37.0%) and 
Black (27.6%) transgender and gender-diverse persons were dis-
proportionately represented among mpox cases compared with 
the racial and ethnic percentage distribution of the overall U.S. 
population.*** Unique health disparities and barriers to preven-
tion and care faced by transgender and gender-diverse persons 
might be exacerbated by racial and ethnic health disparities (3,4). 
Ensuring the prioritization of eligible transgender and gender-
diverse persons for mpox vaccination, expanding community 
engagement and outreach to improve prevention messages, and 
ensuring equity in approaches to mpox testing, treatment, and 
prevention strategies are critical public health priorities.

The findings in this report are subject to at least three 
limitations. First, data on certain variables such as symptoms 
reported, HIV status, hospitalization status, and exposure 
information were frequently missing in national case surveil-
lance data. Recent sexual and close intimate contact infor-
mation was missing for approximately one in five cases in 
transgender and gender-diverse persons, and among those with 
available information, approximately one in four did not report 
recent sexual or close intimate contact with a cisgender man. 
These missing data limit the ability to fully characterize the 
epidemiologic and clinical features of transgender and gender-
diverse persons with mpox. In-depth collection of accurate 
exposure information is vital to understanding how persons 
without recent sexual or close intimate contact with cisgender 
men are likely being exposed to mpox virus, which could guide 

 *** According to 2021 U.S. Census Bureau estimates, Black and Hispanic persons 
constitute 13.6% and 18.9% of the U.S. population, respectively. https://www.
census.gov/quickfacts/fact/table/US/PST045221 (Accessed November 15, 2022).

expanded prevention messaging. Second, methods for collect-
ing sex and gender information are not standardized across all 
U.S. states and territories. Self-reported gender or sex assigned 
at birth were missing for 10,370 (36.9%) adults, and for these 
persons, gender identity was presumed to be cisgender unless 
gender identity was reported as transgender or another gender 
identity. This limitation could have resulted in undercounting 
persons who identify as transgender or gender-diverse, particu-
larly in jurisdictions that do not routinely collect information 
about transgender and gender-diverse identities. Finally, in 
the absence of available data on sex assigned at birth, current 
sex might have been reported, potentially leading to misclas-
sification of gender identity. Improving collection of data on 
transgender and gender-diverse persons, such as standardizing 
approaches to collection of sex and gender information and 
routinely capturing the diversity of gender identities, is impor-
tant to better understanding and addressing health inequities.

This analysis found that transgender and gender-diverse 
adults have been experiencing a disproportionate prevalence 
of Monkeypox virus infections, particularly among those who 
are Hispanic and Black. Meeting the unique health needs 
and addressing barriers to prevention and care faced by many 
transgender and gender-diverse persons is a critical public 
health priority, particularly during the current mpox outbreak. 
Adequately addressing the needs of this population will require 
standardized collection of data on sex and gender identity. 
Tailoring public health prevention and outreach efforts to 
transgender and gender-diverse communities, including the 
prioritization of eligible transgender and gender-diverse per-
sons for mpox vaccination and expanding community engage-
ment efforts, might reduce the disproportionate prevalence of 
mpox among this population.
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As of November 14, 2022, monkeypox (mpox) cases had been 
reported from more than 110 countries, including 29,133 cases 
in the United States.* Among U.S. cases to date, 95% have 
occurred among males (1). After the first confirmed U.S. 
mpox case on May 17, 2022, limited supplies of JYNNEOS 
vaccine (Modified Vaccinia Ankara vaccine, Bavarian Nordic) 
were made available to jurisdictions for persons exposed to 
mpox. JYNNEOS vaccine was approved by the Food and Drug 
Administration (FDA) in 2019 as a 2-dose series (0.5 mL per 
dose, administered subcutaneously) to prevent smallpox and 
mpox disease.† On August 9, 2022, FDA issued an emergency 
use authorization to allow administration of JYNNEOS vac-
cine by intradermal injection (0.1 mL per dose) (2). A previous 
report on U.S. mpox cases during July 31–September 3, 2022, 
suggested that 1 dose of vaccine offers some protection against 
mpox (3). This report describes demographic and clinical char-
acteristics of cases occurring ≥14 days after receipt of 1 dose 
of JYNNEOS vaccine and compares them with characteristics 
of cases among unvaccinated persons with mpox and with the 
vaccine-eligible vaccinated population in participating juris-
dictions. During May 22–September 3, 2022, among 14,504 
mpox cases reported from 29 participating U.S. jurisdictions,§ 
6,605 (45.5%) had available vaccination information and were 
included in the analysis. Among included cases, 276 (4.2%) were 
among persons who had received 1 dose of vaccine ≥14 days 
before illness onset. Mpox cases that occurred in these vaccinated 
persons were associated with lower percentage of hospitalization 
(2.1% versus 7.5%), fever, headache, malaise, myalgia, and chills, 
compared with cases in unvaccinated persons. Although 1 dose 
of JYNNEOS vaccine offers some protection from disease, mpox 
infection can occur after receipt of 1 dose, and the duration of 

* https://www.cdc.gov/poxvirus/monkeypox/response/2022/world-map.html
† https://www.fda.gov/media/131078/download
§ California; Chicago, Illinois; Colorado; Connecticut; Delaware; District of

Columbia; Florida; Georgia; Illinois; Massachusetts; Maryland; Michigan; 
Minnesota; Missouri; Montana; Nebraska; New Mexico; New York (not 
including New York City); Oregon; Pennsylvania; Philadelphia, Pennsylvania; 
Puerto Rico; Rhode Island; South Carolina; Tennessee; Utah; Virginia; 
Washington; and Wisconsin.

protection conferred by 1 dose is unknown. Providers and public 
health officials should therefore encourage persons at risk for 
acquiring mpox to complete the 2-dose vaccination series and 
provide guidance and education regarding nonvaccine-related 
prevention strategies (4).

Probable and confirmed mpox cases¶ among persons with 
illness onset during May 22–September 3, 2022, in the 
29 jurisdictions were eligible for inclusion. Persons who had 
received 1 dose of JYNNEOS vaccine ≥14 days before illness 
onset were considered vaccinated for the purposes of this study**; 
those who had not received 1 vaccine dose during the current 
outbreak or who reported illness onset before receipt of their 
first vaccine dose were considered unvaccinated. Cases were 
excluded if 1) no vaccination date or vaccination status was 
available, 2) receipt of vaccine occurred before May 2022, or 
3) illness onset occurred ≤13 days after receipt of 1 vaccine dose.

Participating jurisdictions collected data using a standardized
data collection form†† including self-reported demographic 
characteristics, vaccination history, medical history, and possible 
exposures. Participating jurisdictions linked vaccination data from 
immunization registries when available or by self-report during 
case investigation and transmitted the linked data to CDC.

Demographic characteristics of persons with mpox who had 
received 1 vaccine dose (i.e., were vaccinated) were compared 
with those of unvaccinated persons with mpox. In addition, 
characteristics of persons with mpox who were vaccinated were 
compared with those of all vaccine-eligible persons who were 
vaccinated, irrespective of case status; these data were obtained 
through jurisdictional immunization registries reporting first doses 
administered. Comparisons were made using Pearson’s chi-square 
test, Fisher’s exact test, or the Wilcoxon rank-sum test as appropri-
ate. P-values <0.05 were considered statistically significant.

¶ https://www.cdc.gov/poxvirus/monkeypox/clinicians/case-definition.html
 ** For this analysis, persons were considered vaccinated ≥14 days after receipt of 

1 dose of JYNNEOS vaccine, based on previous immunogenicity studies 
showing an immunologic response 14 days after vaccination.

 †† https://www.cdc.gov/poxvirus/monkeypox/pdf/scrf-short-form.pdf

https://www.cdc.gov/poxvirus/monkeypox/response/2022/world-map.html
https://www.fda.gov/media/131078/download
https://www.cdc.gov/poxvirus/monkeypox/clinicians/case-definition.html
https://www.cdc.gov/poxvirus/monkeypox/pdf/scrf-short-form.pdf
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 §§ Jurisdictions were considered to have collected symptom variables in a 
“check-all-that-apply” manner if a case patient had a “yes” response for one 
or more clinical symptoms, but all other symptoms were reported as missing.

 ¶¶ 5 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 
552a; 44 U.S.C. Sect. 3501 et seq.

 *** A total of 6,856 (47.3%) cases were excluded because information on 
vaccination status or date of vaccination was missing, 106 (0.7%) had a 
vaccine date before May 2022 and were excluded, and 927 (6.4%) were 
excluded because they had been vaccinated <14 days from illness onset.

To assess differences in illness among vaccinated and unvacci-
nated persons with mpox, clinical characteristics were compared 
between these two groups among persons with data reported for 
one or more clinical symptoms. Missing individual symptom 
data were imputed as “no” when there was evidence that the 
reporting jurisdiction collected symptom data in a “check-all-
that-apply” format.§§ Odds ratios and 95% CIs were calculated 
to compare clinical characteristics of vaccinated and unvac-
cinated mpox patients. Persons with missing data for relevant 
variables of interest were excluded from individual analyses.

Because JYNNEOS vaccine was administered for postexposure 
prophylaxis at the beginning of the outbreak, and because the 
mpox incubation period can be as long as 21 days, a sensitiv-
ity analysis including only persons with mpox who received 
1 vaccine dose ≥22 days before illness onset as the vaccinated 
group was conducted. SAS (version 9.4; SAS Institute) and R 
(version 4.0.3; R Foundation) were used to conduct all analyses. 
This activity was reviewed by CDC and was conducted consis-
tent with applicable federal law and CDC policy.¶¶

During May 22, 2022–September 3, 2022, a total of 14,504 
mpox cases were reported in the 29 included jurisdictions. Among 
the 6,605 (45.5%) persons with mpox who had available informa-
tion and who were included in the analysis,*** 6,329 (95.8%) were 
unvaccinated, and 276 (4.2%) had illness onset ≥14 days after 
receiving 1 vaccine dose (Table 1). Among vaccinated patients, 
the median interval from vaccination to illness onset was 23 days 
(IQR = 17.5–30 days). The age distribution differed for vaccinated 
mpox patients compared with the vaccine-eligible population 
identified through immunization registries (p<0.001), but not 
compared with unvaccinated mpox patients (p = 0.07); 91.2% of 
vaccinated mpox patients were aged 18–49 years. Overall, 68.2% 
of vaccinated mpox patients and 49.9% of unvaccinated mpox 
patients reported White race, whereas 12.4% and 30.9% of vac-
cinated and unvaccinated patients, respectively, reported Black 
or African American race (p<0.001). Among 345,220 vaccine-
eligible persons in the population who had received 1 dose of 
JYNNEOS vaccine, a significantly smaller percentage identified as 
White (46.7%) compared with vaccinated mpox patients (62.8%; 
p = 0.02). Overall, 259 (98.1%) vaccinated and 5,710 (96.1%) 
unvaccinated mpox cases occurred in persons identifying as male.

Information on at least one clinical finding was available for 
202 (73.2%) of 276 vaccinated persons with mpox and 5,326 
(84.2%) of 6,329 unvaccinated mpox patients. Among those 

who were vaccinated, the most commonly reported signs and 
symptoms were rash (96.5%), pruritis (33.5%), and enlarged 
lymph nodes (31.6%) (Table 2). Among unvaccinated persons, 
the most common signs and symptoms were rash (97.3%), fever 
(46.5%), and malaise (43.0%). The odds of fever, headache, 
malaise, abdominal pain, vomiting or nausea, myalgia, and chills 
were significantly lower among vaccinated than among unvac-
cinated patients (Figure). Odds of rectal signs and symptoms 
(e.g., proctitis, rectal bleeding, tenesmus, and rectal pain) were 
similar among vaccinated and unvaccinated mpox patients.

Among both vaccinated and unvaccinated patients, the 
genital area was the rash location most commonly reported 
(55.0% of vaccinated patients and 46.7% of unvaccinated 
patients) (Table 2). The odds of reporting rash in all other loca-
tions except the perianal area were significantly lower among 
vaccinated than among unvaccinated patients. The median 
number of rash locations reported by vaccinated patients (two) 
was significantly lower than that reported by unvaccinated 
patients (three) (p<0.001). Among 129 persons with mpox 
who received 1 vaccine dose ≥22 days before illness onset, 
demographic and clinical findings were not different from 
those in persons who had received vaccine ≥14 days earlier.

Among 3,142 unvaccinated persons with mpox, 237 (7.5%) 
were hospitalized compared with two (2.1%) of 95 vaccinated 
mpox patients (odds ratio = 0.27; 95% CI = 0.06–1.09). No 
deaths were reported in either group.

Discussion

In this analysis of 276 mpox cases in persons who received 
1 dose of JYNNEOS vaccine ≥14 days before illness onset and 
6,329 cases in unvaccinated persons during the 2022 U.S. out-
break, vaccinated patients reported signs and symptoms similar 
to those described earlier in the outbreak (1); however, some 
symptoms were reported less frequently among vaccinated than 
among unvaccinated mpox patients. In addition, the percentage 
of vaccinated patients who were hospitalized (2%) was lower 
than that among unvaccinated patients (8%), and the odds 
of systemic signs and symptoms, such as fever and chills, were 
lower among vaccinated patients. These findings indicate that 
1 dose of the JYNNEOS vaccine might attenuate the severity 
of mpox illness in persons who are infected after vaccination.

The frequent presentation of rash in the genital and perianal 
areas among both vaccinated and unvaccinated mpox patients 
suggests that sexual transmission in this population was a 
common mechanism of transmission. The fewer number of 
reported rash locations among vaccinated patients suggests 
possible prevention of spread of rash from site of inoculation 
among even partially vaccinated persons.

The predominance of White persons among vaccinated 
mpox patients compared with unvaccinated patients reflects 
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TABLE 1. Characteristics of mpox patients, by vaccination status (N = 6,605) and of recipients of 1 dose of JYNNEOS vaccine (N = 345,220) — 
29 U.S. jurisdictions,* May 22–September 3, 2022

Characteristic

Mpox patient vaccination status, n/N (%)†

p-value**

Recipients of 1 vaccine 
dose, n/N (column %) 

(N = 345,220)** p-value**,§§
Vaccinated§ 

(n = 276)
Unvaccinated¶ 

(n = 6,329)

Age group, yrs
Mean (median) 36.9 (36.0) 35.3 (34.0) <0.01 NA NA
18–29 57/275 (20.7) 1,755/6,282 (27.9) 0.07 72,998/345,215 (21.1) <0.001
30–39 134/275 (48.7) 2,714/6,282 (43.2) 113,503/345,215 (32.9)
40–49 60/275 (21.8) 1,266/6,282 (20.2) 64,481/345,215 (18.7)
≥50 24/275 (8.7) 547/6,282 (8.7) 93,768/345,215 (27.2)
Missing 1 47 5
Race
American Indian or Alaska Native 2/266 (0.8) 43/6,140 (0.7) <0.001 975/345,220 (0.2) 0.02
Asian 17/266 (6.4) 196/6,140 (3.2) 23,598/345,220 (6.8)
Black or African American 33/266 (12.4) 1,901/6,140 (30.9) 37,325/345,220 (10.8)
Native Hawaiian or other 

Pacific Islander
1/266 (0.4) 19/6,140 (0.3) 783/345,220 (0.2)

White 167/266 (62.8) 3,054/6,140 (49.9) 161,203/345,220 (46.7)
Multiracial or other 8/266 (3.0) 275/6,140 (4.5) 15,247/345,220 (4.4)
Unknown 38/266 (14.3) 652/6,140 (10.6) 34,948/345,220 (10.1)
Missing 10 189 0
Ethnicity
Hispanic or Latino 64/269 (23.8) 1,880/6,159 (30.5) 0.06 71,141/345,220 (20.6) 0.02
Non-Hispanic 177/269 (65.8) 3,929/6,159 (63.8) 274,079/345,220 (79.4)
Unknown 28/269 (10.4) 350/6,159 (5.7) 0
Missing 7 170 0
Sex at birth
Female 0 137/5,956 (2.3) 0.02 24,306/345,220 (7.0) <0.001
Male 216/257 (84.1) 5,408/5,956 (90.8) 315,940/345,220 (91.5)
Unknown 41/257 (15.4) 411/5,956 (6.9) 4,974/345,220 (1.4)
Missing 19 373 0
Gender
Female 1/264 (0.3) 127/5,939 (2.2) 0.20 NA NA
Male 259/264 (98.1) 5,710/5,939 (96.1) NA
Transgender female 0 37/5,939 (0.6) NA
Transgender male 1/264 (0.3) 18/5,939 (0.3) NA
Another gender identity 3/264 (1.1) 47/5,939 (0.8) NA
Missing 12 390 NA

Abbreviations: mpox = monkeypox; NA = not applicable.
* California; Chicago, Illinois; Colorado; Connecticut; Delaware; District of Columbia; Florida; Georgia; Illinois; Massachusetts; Maryland; Michigan; Minnesota; Missouri; 

Montana; Nebraska; New Mexico; New York (not including New York City); Oregon; Pennsylvania; Philadelphia, Pennsylvania; Puerto Rico; Rhode Island; South
Carolina; Tennessee; Utah; Virginia; Washington; and Wisconsin.

† Percentages were calculated using cases with available data as the denominator.
§ Cases of probable and confirmed mpox in persons with illness onset ≥14 days after receipt of 1 vaccine dose.
¶ Cases of probable and confirmed mpox in persons with illness onset before the date of vaccination or who did not report receipt of vaccine.

 ** Medians were compared using a Wilcoxon rank sum test. Proportions were compared using Pearson’s chi-square test or Fisher’s exact test. 
 †† Includes all persons within the vaccine-eligible population who received 1 vaccine dose, including vaccinated mpox patients.
 §§ Comparison between recipients of 1 vaccine dose in the vaccine-eligible population and vaccinated mpox patients.

the ongoing racial and ethnic disparities in receipt of the 
JYNNEOS vaccine nationwide (5,6) and could indicate dif-
ferential access to or acceptance of the vaccine. Disparities in 
access to health care and additional treatment options could 
also have played a role in decreasing the severity of illness in 
vaccinated White persons.

The findings in this report are subject to at least four limitations. 
First, 47% of cases were excluded because of missing vaccination 
information; therefore, results might not be generalizable to all 
persons with mpox in the United States. Second, persons with 
mpox who received vaccine outside of their respective jurisdictions 

of residence might not have had documentation of vaccine receipt, 
which could lead to potential undercounting of cases among vac-
cinated persons (7), although many jurisdictions did report 
sharing vaccination data with one another (Sarah Gillani,  District 
of Columbia Department of Health, personal communication, 
September 2022). Third, self-reported doses were included to 
optimize ascertainment of vaccination status, but self-report is 
less accurate than documented vaccine receipt and could result in 
misclassification of vaccination status. Finally, clinical data were 
not available for all cases. In particular, HIV status was unknown 
or missing for two thirds of vaccinated and more than one half 

hxv5
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TABLE 2. Clinical characteristics of mpox patients, by vaccination 
status* — 29 U.S. jurisdictions,† May 22–September 3, 2022

Characteristic

Mpox patient vaccination status, 
n/N (%)

Odds ratio (95% CI)
Vaccinated§  

(n = 202)
Unvaccinated¶  

(n = 5,326)

HIV status
Positive 19/78 (24.4) 1,074/2,585 (41.6) Not calculated
Negative 46/78 (58.9) 1,153/2,585 (44.5)
Unknown or missing 137 3,099
Signs and symptoms
Abdominal pain 5/190 (2.6) 420/5,069 (8.3)** 0.29 (0.12–0.72)
Chills 23/193 (11.9) 2,015/5,207 (38.7)** 0.21 (0.14–0.33)
Conjunctivitis 2/65 (3.1) 148/2,703 (5.5) 0.57 (0.14–2.36)
Enlarged lymph nodes 62/196 (31.6) 1,841/5,237 (35.2) 0.84 (0.62–1.14)
Fever 55/198 (27.8) 2,451/5,266 (46.5)** 0.44 (0.32–0.60)
Headache 39/195(20.0) 1,908/5,217 (36.6)** 0.43 (0.30–0.61)
Malaise 47/192 (24.5) 2,240/5,204 (43.0)** 0.43 (0.31–0.60)
Myalgia 39/194 (20.1) 1,696/5,212 (32.5)** 0.52 (0.36–0.74)
Proctitis 11/187 (5.9) 360/4,983 (7.2) 0.81 (0.44–1.50)
Pruritis 65/194 (33.5) 1,840/5,193 (35.4) 0.93 (0.68–1.26)
Pus in stool 12/191 (6.3) 558/5,169 (10.8)** 0.55 (0.30–0.99)
Rectal bleeding 17/193 (8.8) 684/5,182 (13.2) 0.63 (0.38–1.04)
Rectal pain 38/194 (19.6) 1,255/5,211 (24.1) 0.77 (0.53–1.10)
Tenesmus 16/190 (8.4) 573/5,164 (11.1) 0.74 (0.44–1.24)
Vomiting or nausea 6/199 (3.0) 494/5,263 (9.4)** 0.31 (0.13–0.69)
Rash
Presence of rash 195/202 (96.5) 5,173/5,318 (97.3) 0.73 (0.34–1.58)
Rash location
Arms 20/160 (12.5) 1,860/4,140 (44.9)** 0.18 (0.11–0.28)
Face 26/160 (16.3) 1,386/4,140 (33.5)** 0.39 (0.25–0.59)
Genitals 88/160 (55.0) 1,933/4,140 (46.7)** 1.40 (1.02–1.92)
Head 27/160 (16.9) 1,376/4,140 (33.2)** 0.41 (0.27–0.62)
Legs 19/160 (11.9) 1,628/4,140 (39.3)** 0.21 (0.13–0.34)
Mouth, lips, or 

oral mucosa 7/160 (4.4) 400/4,140 (9.7)** 0.43 (0.20–0.92)

Neck 5/160 (3.13) 545/4,140 (13.2)** 0.21 (0.09–0.52)
Palms of hands 6/160 (3.8) 806/4,140 (19.5)** 0.16 (0.07–0.37)
Perianal 42/160 (26.3) 1,212/4,140 (29.3) 0.86 (0.60–1.23)
Soles of feet 1/160 (0.6) 445/4,140 (10.8)** 0.05 (0.01–0.37)
Trunk 18/160 (11.3) 1,521/4140 (36.7)** 0.22 (0.13–0.36)
Other locations 68/160 (42.5) 1,574/4,140 (38.0) 1.21 (0.88–1.66)
Number of rash locations reported
Median (IQR)** 2.0 (1.0–3.0) 3.0 (2.0–5.0)** <0.001††

Severity
Hospitalization 

related to mpox
2/95 (2.1) 237/3,142 (7.5) 0.27 (0.06–1.09)

Abbreviation: mpox = monkeypox. 
 * Persons with complete data for one or more clinical symptom were included 

in analysis; for vaccinated persons 73.2% were included (202/276), and for 
unvaccinated persons 84.2% were included (5,326/6,329).

 † California; Chicago, Illinois; Colorado; Connecticut; Delaware; District of 
Columbia; Florida; Georgia; Illinois; Massachusetts; Maryland; Michigan; 
Minnesota; Missouri; Montana; Nebraska; New Mexico; New York (not 
including New York City); Oregon; Pennsylvania; Philadelphia, Pennsylvania; 
Puerto Rico; Rhode Island; South Carolina; Tennessee; Utah; Virginia; 
Washington; and Wisconsin.

 § Cases of probable and confirmed mpox in persons with illness onset ≥14 days 
after receipt of 1 vaccine dose (202/276).

 ¶ Cases of probable and confirmed mpox in persons with illness onset before 
the date of vaccination or who did not report receipt of vaccine (5,326/6,329).

 ** Statistically significant difference using odds ratios.
 †† Median rash locations reported from 160 vaccinated and 4,140 unvaccinated 

mpox patients.

Summary
What is already known about this topic?

Evidence suggests that 1 dose of JYNNEOS vaccine offers some 
protection against monkeypox (mpox).

What is added by this report?

Analysis of mpox infections among unvaccinated persons and 
those who had received 1 JYNNEOS vaccine dose ≥14 days 
before illness onset found that the odds of fever, headache, 
malaise, myalgia, and chills were significantly lower among 
vaccinated patients than among unvaccinated patients. Overall, 
2% of vaccinated persons with mpox and 8% of unvaccinated 
patients were hospitalized.

What are the implications for public health practice?

One dose of JYNNEOS vaccine might attenuate the severity of 
illness and reduce hospitalization in persons who become 
infected after vaccination; however, to optimize protection, all 
eligible persons are recommended to complete the 2-dose 
vaccination series.

of unvaccinated patients. Because HIV infection might affect the 
trajectory and illness severity, future studies with additional data 
for real-world use of JYNNEOS vaccine against clinical outcomes, 
including data on HIV history, are needed.

The more limited distribution of rash and reduced sever-
ity of illness among persons who had mpox after receiving 
1 JYNNEOS vaccine dose supports the potential benefit 
of vaccination on attenuation of disease. Although infec-
tion ≥14 days after receipt of 1 JYNNEOS vaccine dose is 
infrequent, the occurrence of such cases and the unknown 
duration of protection conferred by 1 vaccine dose highlights 
the need for providers and public health officials to encourage 
completion of the 2-dose vaccination series among persons at 
risk and continue to provide guidance and education regard-
ing nonvaccine-related prevention strategies (4) until optimal 
immune protection from the second dose is achieved.
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FIGURE. Odds* of signs and symptoms present among persons with mpox who received 1 dose of JYNNEOS vaccine compared with those in 
unvaccinated persons with mpox — 29 U.S. jurisdictions,† May 22–September 3, 2022
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During June–October 2022, the SARS-CoV-2 Omicron BA.5 
sublineage accounted for most of the sequenced viral genomes in 
the United States, with further Omicron sublineage diversification 
through November 2022.* Bivalent mRNA vaccines contain an 
ancestral SARS-CoV-2 strain component plus an updated com-
ponent of the Omicron BA.4/BA.5 sublineages. On September 1, 
2022, a single bivalent booster dose was recommended for adults 
who had completed a primary vaccination series (with or with-
out subsequent booster doses), with the last dose administered 
≥2 months earlier (1). During September 13–November 18, 
the VISION Network evaluated vaccine effectiveness (VE) of a 
bivalent mRNA booster dose (after 2, 3, or 4 monovalent doses) 
compared with 1) no previous vaccination and 2) previous receipt 
of 2, 3, or 4 monovalent-only mRNA vaccine doses, among 
immunocompetent adults aged ≥18 years with an emergency 
department/urgent care (ED/UC) encounter or hospitalization 
for a COVID-19–like illness.† VE of a bivalent booster dose 

* SARS-CoV-2 variant proportions are monitored by CDC, and available online. 
https://covid.cdc.gov/covid-data-tracker/#variant-proportions

† Medical events with a discharge code consistent with COVID-19–like illness were
included. COVID-19–like illness diagnoses were obtained from International
Classification of Diseases, Tenth Revision (ICD-10) discharge codes. The specific codes 
used were: COVID-19 pneumonia: J12.81 and J12.82; influenza pneumonia: J09.
X1, J10.0, J10.00, J10.01, J10.08, J11.0, J11.00, and J11.08; other viral pneumonia: 
J12*; bacterial and other pneumonia: J13, J14, J15*, J16*, J17, and J18*; influenza 
disease: J09*, J10.1, J10.2, J10.8*, J11.1, J11.2, and J11.8*; acute respiratory distress 
syndrome: J80; chronic obstructive pulmonary disease with acute exacerbation: J44.1; 
asthma acute exacerbation: J45.21, J45.22, J45.31, J45.32, J45.41, J45.42, J45.51,
J45.52, J45.901, and J45.902; respiratory failure: J96.0*, J96.2*, and R09.2; other
acute lower respiratory tract infections: J20*, J21*, J22, J40, J44.0, J41*, J42, J43*,
J47*, J85, J85.0, J85.2, J85.3, J85.1, and J86*; acute and chronic sinusitis: J01* and 
J32*; acute upper respiratory tract infections: J00*, J02*, J03*, J04*, J05*, and J06*; 
acute respiratory illness signs and symptoms: R04.2, R05, R05.1, R05.2, R05.4,
R05.8, R05.9, R06.00, R06.02, R06.03, R06.1, R06.2, R06.8, R06.81, R06.82,
R06.89, R07.1, R09.0*, R09.01, R09.02, R09.1, R09.2, R09.3, and R09.8*; acute 
febrile illness signs and symptoms: R50*, R50.81, R50.9, and R68.83; acute
nonrespiratory illness signs and symptoms: R19.7, R43*, R43.9, R51*, R51.9,
M79.1*, M79.10, M79.18, R65*, R53.81, R53.83, R57.9, R41.82, R40*, R40.0,
R40.1, R53.1, R11*, R11.0, R11.1, R11.10, R11.11, R11.15, R11.2, R21*, R10*, 
R10.0, R10.1*, R10.2, R10.3*, R10.8, R10.81, R10.81*, R10.84, and R10.9. All
ICD-10 codes with * include all child codes under the specific parent code.

(after 2, 3, or 4 monovalent doses) against COVID-19–associ-
ated ED/UC encounters was 56% compared with no vaccina-
tion, 31% compared with monovalent vaccination only with last 
dose 2–4 months earlier, and 50% compared with monovalent 
vaccination only with last dose ≥11 months earlier. VE of a 
bivalent booster dose (after 2, 3, or 4 monovalent doses) against 
COVID-19–associated hospitalizations was 57% compared with 
no vaccination, 38% compared with monovalent vaccination 
only with last dose 5–7 months earlier, and 45% compared with 
monovalent vaccination only with last dose ≥11 months earlier. 
Bivalent vaccines administered after 2, 3, or 4 monovalent doses 
were effective in preventing medically attended COVID-19 
compared with no vaccination and provided additional protection 
compared with past monovalent vaccination only, with relative 
protection increasing with time since receipt of the last monovalent 
dose. All eligible persons should stay up to date with recommended 
COVID-19 vaccinations, including receiving a bivalent booster 
dose. Persons should also consider taking additional precautions 
to avoid respiratory illness this winter season, such as masking in 
public indoor spaces, especially in areas where COVID-19 com-
munity levels are high.

Monovalent COVID-19 mRNA vaccines were developed 
against the spike protein of the ancestral SARS-CoV-2 virus 
and were found to provide cross-reactive immune protec-
tion against Alpha and Delta SARS-CoV-2 variants (2). The 
SARS-CoV-2 Omicron variant emerged in November 2021 
and diversified into sublineages. These Omicron sublineages 
were associated with decreased protection from vaccination 
with monovalent vaccine (3). A single booster dose of bivalent 
mRNA vaccine (Pfizer-BioNTech or Moderna) containing an 
updated BA.4/BA.5 component was recommended by CDC 
on September 1, 2022, (1) for adults who had completed a pri-
mary series with any Food and Drug Administration–approved 
or –authorized monovalent vaccine or who had previously 
received a monovalent booster dose ≥2 months earlier.§

§ https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-
considerations-us.html

https://www.cdc.gov/mmwr
https://covid.cdc.gov/covid-data-tracker/#variant-proportions
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-considerations-us.html
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-considerations-us.html
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The VISION Network¶ evaluated the effectiveness of a 
bivalent booster dose among immunocompetent adults during 
September 13–November 18, 2022, a period during which 
the Omicron BA.5 sublineage predominated and additional 
Omicron sublineages emerged. Seven health systems in nine 
states contributed data for this analysis. VISION methods have 
been described (3). Briefly, ED/UC encounters and hospitaliza-
tions associated with a COVID-19–like illness among adults 
who received a SARS-CoV-2 molecular test result during the 
14 days before through 72 hours after the encounter were 
included.** Patients were classified as unvaccinated (zero doses 
received), vaccinated with 2, 3, or 4 doses of a monovalent-only 
mRNA vaccine, or vaccinated with 2, 3, or 4 monovalent doses 
plus a bivalent booster dose ≥60 days after receipt of their last 
monovalent dose. Encounters were excluded if 1) the patient 
likely had an immunocompromising condition (4); 2) only 
one mRNA monovalent vaccine dose was received, a second 
monovalent vaccine dose was received <14 days before the 
encounter date, or a third or fourth monovalent vaccine dose 
or a bivalent booster dose was received <7 days before the 
encounter date; 3) any dose of a non-mRNA vaccine (e.g., 
Janssen [Johnson & Johnson]) was received; or 4) a vaccine 
dose was received before being recommended by CDC.†† VE 
was estimated using a test-negative case-control design, com-
paring the odds of having received versus having not received a 
bivalent booster dose among case-patients (those who received 
a positive SARS-CoV-2 test result) and control patients (those 
who received a negative SARS-CoV-2 test result). 

Odds ratios and 95% CIs were calculated using multivari-
able logistic regression, adjusting for age, race and ethnicity, 
sex, calendar day (days since January 1, 2021), geographic 
region, and local SARS-CoV-2 circulation (percentage of 
SARS-CoV-2–positive results from testing within the counties 

 ¶ Sites from the CDC-funded VISION Network that contributed data for this 
analysis were Baylor Scott & White Health (Texas), Columbia University 
Irving Medical Center (New York), HealthPartners (Minnesota and 
Wisconsin), Intermountain Healthcare (Utah), Kaiser Permanente Northern 
California (California), Kaiser Permanente Center for Health Research 
(Oregon and Washington), and University of Colorado (Colorado).

 ** The encounter date was either the date of collection of a respiratory specimen 
associated with the most recent positive or negative SARS-CoV-2 test result 
before the admission or visit date, or the date of the medical visit if testing 
occurred only after the admission or visit.

 †† Encounters were excluded if a first mRNA booster dose (third dose) was 
received before it was recommended by CDC on September 23, 2021; the 
interval between the second and third doses was <5 months, a second mRNA 
booster dose (fourth dose) was received before it was authorized for adults 
aged ≥50 years on March 29, 2022; the interval between the third and fourth 
doses was <4 months; a bivalent booster dose was received before recommended 
and generally available to the public (September 6, 2022); or the interval 
between the last monovalent vaccine dose (second, third, or fourth dose) and 
the bivalent booster dose was <2 months. https://www.cdc.gov/vaccines/
covid-19/clinical-considerations/interim-considerations-us.html

surrounding the facility on the date of the encounter). Age, 
calendar day, and local circulation were modeled as natural 
cubic splines. A single, combined model was fit for each out-
come (ED/UC encounters and hospitalizations) with those 
who had received a bivalent booster dose (after 2, 3, or 4 
monovalent doses) as the referent group with the following 
vaccination groups: those who had received no vaccine doses 
(unvaccinated) (i.e., absolute VE) and those who had received 
2, 3, or 4 monovalent doses but not a bivalent booster dose 
(i.e., relative VE). Varying time intervals between the last dose 
and the index date (2–4, 5–7, 8–10, or ≥11 months)§§ were 
used to calculate relative VE. Analyses were conducted using 
R (version 4.2.2; R Foundation). This study was conducted 
consistent with applicable federal law and CDC policy and 
was reviewed and approved by Institutional Review Boards 
at participating sites or under reliance agreement with the 
Institutional Review Board of Westat, Inc.¶¶

Among 78,303 ED/UC encounters with COVID-19–like 
illness that met inclusion criteria, 9,009 (12%) case-patients 
and 69,294 (89%) control patients were identified (Table 1). 
Overall, 24,142 (31%) were unvaccinated. Among persons 
who had not received a bivalent dose, 18,812 (24%), 23,042 
(29%), and 8,402 (11%) had received 2, 3, and 4 doses of 
monovalent mRNA vaccine, respectively. Among the 3,905 
(5%) adults who had received a bivalent booster dose (median 
interval since receipt of bivalent booster dose = 25 days), 216 
(6%) had received 2 monovalent doses, 1,679 (43%) had 
received 3 monovalent doses, and 2,010 (51%) had received 
4 monovalent vaccine doses. Bivalent booster dose recipients 
were older (median age = 68 years) than were those who had 
not received a bivalent booster dose (median age = 55 years). 
VE of a bivalent booster dose (after 2, 3, or 4 monovalent 
doses) against ED/UC encounters for COVID-19–associated 
illness was 56% (95% CI = 49%–62%) compared with no 
vaccination, 31% (95% CI  =  19%–41%) compared with 
receipt of last monovalent dose 2–4 months earlier, and 50% 
(95% CI = 43%–57%) compared with receipt of last mon-
ovalent dose ≥11 months earlier (Table 2).

Among 15,527 hospitalizations with COVID-19–like 
illness that met inclusion criteria, 1,453 (9%) case-patients 
and 14,074 (91%) control patients were identified (Table 3). 
Overall, 4,092 (26%) were unvaccinated. Among those who 
had not received a bivalent dose, 3,355 (22%), 4,766 (31%), 
and 2,531 (16%) had received 2, 3, and 4 doses of monova-
lent mRNA vaccine, respectively. Among the 783 (5%) adults 

§§ Sixty–149 days was classified as 2–4 months, 150–239 days as 5–7 months, 
240–329 days as 8–10 months, and ≥330 days as ≥11 months.

¶¶ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 
U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-considerations-us.html
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-considerations-us.html
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TABLE 1. Characteristics of emergency department and urgent care encounters among immunocompetent adults aged ≥18 years with 
COVID-19–like illness,* by mRNA COVID-19 vaccination status and SARS-CoV-2 test result — nine states,† September–November 2022

Characteristic

Overall,  
no. 

(column %)

SARS-CoV-2 test result status, 
no. (row %)

SMD¶

mRNA COVID-19 vaccination status,§ no. (row %)

SMD¶

Case-
patients 

(positive)

Control 
patients 

(negative) Unvaccinated

Received 2, 3, or 4 MV doses only, 
interval since last dose (mos)

Received BV 
booster dose 

≥7 days 
earlier2–4 5–7 8–10 ≥11

All ED/UC encounters 78,303
9,009 
(11.5)

69,294 
(88.5) —

24,142 
(30.8)

5,668 
(7.2)

6,891 
(8.8)

14,220 
(18.2)

23,477 
(30.0)

3,905 
(5.0) —

Site
Baylor Scott & White Health 13,516 

(17.3)
1,390 
(10.3)

12,126 
(89.7)

0.37 7,014 
(51.9)

288 
(2.1)

374 
(2.8)

1,244 
(9.2)

4,513 
(33.4)

83 
(0.6)

3.8

Columbia University 3,243 
(4.1)

253 
(7.8)

2,990 
(92.2)

1,421 
(43.8)

110 
(3.4)

209 
(6.4)

508 
(15.7)

941 
(29.0)

54 
(1.7)

HealthPartners 14,214 
(18.2)

1,637 
(11.5)

12,577 
(88.5)

3,523 
(24.8)

1,236 
(8.7)

1,296 
(9.1)

3,006 
(21.1)

3,683 
(25.9)

1,470 
(10.3)

Intermountain Healthcare 16,110 
(20.6)

2,746 
(17.0)

13,364 
(83.0)

5,290 
(32.8)

924 
(5.7)

1,189 
(7.4)

2,933 
(18.2)

5,538 
(34.4)

236 
(1.5)

KPNC 19,484 
(24.9)

1,326 
(6.8)

18,158 
(93.2)

2,431 
(12.5)

2,350 
(12.1)

3,052 
(15.7)

4,787 
(24.6)

5,339 
(27.4)

1,525 
(7.8)

KPCHR 5,840 
(7.5)

736 
(12.6)

5,104 
(87.4)

1,405 
(24.1)

617 
(10.6)

602 
(10.3)

1,190 
(20.4)

1,611 
(27.6)

415 
(7.1)

University of Colorado 5,896 
(7.5)

921 
(15.6)

4,975 
(84.4)

3,058 
(51.9)

143 
(2.4)

169 
(2.9)

552 
(9.4)

1,852 
(31.4)

122 
(2.1)

Age group, yrs
18–49 39,190 

(50.0)
4,035 
(10.3)

35,155 
(89.7)

0.14 16,470 
(42.0)

870 
(2.2)

1,661 
(4.2)

7,211 
(18.4)

12,048 
(30.7)

930 
(2.4)

3.41

50–64 14,692 
(18.8)

1,710 
(11.6)

12,982 
(88.4)

3,903 
(26.6)

1,362 
(9.3)

1,328 
(9.0)

3,085 
(21.0)

4,308 
(29.3)

706 
(4.8)

65–74 10,533 
(13.5)

1,311 
(12.4)

9,222 
(87.6)

1,898 
(18.0)

1,362 
(12.9)

1,478 
(14.0)

1,714 
(16.3)

3,100 
(29.4)

981 
(9.3)

75–84 8,844 
(11.3)

1,275 
(14.4)

7,569 
(85.6)

1,202 
(13.6)

1,277 
(14.4)

1,536 
(17.4)

1,424 
(16.1)

2,532 
(28.6)

873 
(9.9)

≥85 5,044 
(6.4)

678 
(13.4)

4,366 
(86.6)

669 
(13.3)

797 
(15.8)

888 
(17.6)

786 
(15.6)

1,489 
(29.5)

415 
(8.2)

Sex
Female 48,342 

(61.7)
5,343 
(11.1)

42,999 
(88.9)

0.06 14,554 
(30.1)

3,431 
(7.1)

4,182 
(8.7)

9,033 
(18.7)

14,819 
(30.7)

2,323 
(4.8)

0.15

Male 29,961 
(38.3)

3,666 
(12.2)

26,295 
(87.8)

9,588 
(32.0)

2,237 
(7.5)

2,709 
(9.0)

5,187 
(17.3)

8,658 
(28.9)

1,582 
(5.3)

Race and ethnicity
Black or African American, NH 9,261 

(11.8)
823 

(8.9)
8,438 
(91.1)

0.17 3,837 
(41.4)

516 
(5.6)

694 
(7.5)

1,421 
(15.3)

2,553 
(27.6)

240 
(2.6)

1.17

Hispanic or Latino 14,703 
(18.8)

1,345 
(9.1)

13,358 
(90.9)

5,119 
(34.8)

850 
(5.8)

1,096 
(7.5)

2,767 
(18.8)

4,492 
(30.6)

379 
(2.6)

Other, NH** 7,417 
(9.5)

841 
(11.3)

6,576 
(88.7)

1,746 
(23.5)

659 
(8.9)

785 
(10.6)

1,743 
(23.5)

2,031 
(27.4)

453 
(6.1)

Unknown 1,255 
(1.6)

154 
(12.3)

1,101 
(87.7)

547 
(43.6)

46 
(3.7)

73 
(5.8)

240 
(19.1)

321 
(25.6)

28 
(2.2)

White, NH 45,667 
(58.3)

5,846 
(12.8)

39,821 
(87.2)

12,893 
(28.2)

3,597 
(7.9)

4,243 
(9.3)

8,049 
(17.6)

14,080 
(30.8)

2,805 
(6.1)

Documented previous SARS-CoV-2 infection††

Yes 15,750 
(20.1)

1,247 
(7.9)

14,503 
(92.1)

0.19 4,682 
(29.7)

1,036 
(6.6)

1,351 
(8.6)

2,916 
(18.5)

5,136 
(32.6)

629 
(4.0)

0.15

No 62,553 
(79.9)

7,762 
(12.4)

54,791 
(87.6)

19,460 
(31.1)

4,632 
(7.4)

5,540 
(8.9)

11,304 
(18.1)

18,341 
(29.3)

3,276 
(5.2)

SARS-CoV-2 status
Positive test result (case-patient) 9,009 

(11.5)
9,009 

(100.0)
0 

(—)
— 3,040 

(33.7)
537 

(6.0)
725 

(8.0)
1,677 
(18.6)

2,783 
(30.9)

247 
(2.7)

0.24

Negative test result (control patient) 69,294 
(88.5)

0 
(—)

69,294 
(100.0)

21,102 
(30.5)

5,131 
(7.4)

6,166 
(8.9)

12,543 
(18.1)

20,694 
(29.9)

3,658 
(5.3)

See table footnotes on the next page.
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TABLE 1. (Continued) Characteristics of emergency department and urgent care encounters among immunocompetent adults aged ≥18 years 
with COVID-19–like illness,* by mRNA COVID-19 vaccination status and SARS-CoV-2 test result — nine states,† September–November 2022

Characteristic

Overall,  
no. 

(column %)

SARS-CoV-2 test result status, 
no. (row %)

SMD¶

mRNA COVID-19 vaccination status,§ no. (row %)

SMD¶

Case-
patients 

(positive)

Control 
patients 

(negative) Unvaccinated

Received 2, 3, or 4 MV doses only, 
interval since last dose (mos)

Received BV 
booster dose 

≥7 days 
earlier2–4 5–7 8–10 ≥11

No. of MV mRNA vaccine doses received
None 24,142 

(30.8)
3,040 
(12.6)

21,102 
(87.4)

0.08 24,142 
(100.0)

0 
(—)

0 
(—)

0 
(—)

0 
(—)

0 
(—)

—

2 19,028 
(24.3)

2,158 
(11.3)

16,870 
(88.7)

0 
(—)

277 
(1.5)

606 
(3.2)

1,391 
(7.3)

16,538 
(86.9)

216 
(1.1)

3 24,721 
(31.6)

2,752 
(11.1)

21,969 
(88.9)

0 
(—)

1,006 
(4.1)

2,268 
(9.2)

12,829 
(51.9)

6,939 
(28.1)

1,679 
(6.8)

4 10,412 
(13.3)

1,059 
(10.2)

9,353 
(89.8)

0 
(—)

4,385 
(42.1)

4,017 
(38.6)

0 
(—)

0 
(—)

2,010 
(19.3)

Most recent dose product manufacturer
Pfizer-BioNTech 34,596 

(44.2)
3,821 
(11.0)

30,775 
(89.0)

0.07 0 
(—)

3,610 
(10.4)

4,451 
(12.9)

8,441 
(24.4)

15,290 
(44.2)

2,804 
(8.1)

—

Moderna 19,565 
(25.0)

2,148 
(11.0)

17,417 
(89.0)

0 
(—)

2,058 
(10.5)

2,440 
(12.5)

5,779 
(29.5)

8,187 
(41.8)

1,101 
(5.6)

None 24,142 
(30.8)

3,040 
(12.6)

21,102 
(87.4)

24,142 
(100.0)

0 
(—)

0 
(—)

0 
(—)

0 
(—)

0 
(—)

Any chronic condition
Yes 23,892 

(30.5)
2,311 

(9.7)
21,581 

(90.3)
0.12 6,782 

(28.4)
2,114 

(8.8)
2,466 
(10.3)

4,056 
(17.0)

7,313 
(30.6)

1,161 
(4.9)

0.46

No 54,411 
(69.5)

6,698 
(12.3)

47,713 
(87.7)

17,360 
(31.9)

3,554 
(6.5)

4,425 
(8.1)

10,164 
(18.7)

16,164 
(29.7)

2,744 
(5.0)

≥1 chronic respiratory condition
Yes 12,316 

(15.7)
1,060 

(8.6)
11,256 

(91.4)
0.13 3,606 

(29.3)
1,014 

(8.2)
1,203 

(9.8)
2,067 
(16.8)

3,863 
(31.4)

563 
(4.6)

0.2

No 65,987 
(84.3)

7,949 
(12.0)

58,038 
(88.0)

20,536 
(31.1)

4,654 
(7.1)

5,688 
(8.6)

12,153 
(18.4)

19,614 
(29.7)

3,342 
(5.1)

≥1 chronic non-respiratory condition
Yes 17,268 

(22.1)
1,836 
(10.6)

15,432 
(89.4)

0.05 4,869 
(28.2)

1,600 
(9.3)

1,794 
(10.4)

2,853 
(16.5)

5,389 
(31.2)

763 
(4.4)

0.4

No 61,035 
(77.9)

7,173 
(11.8)

53,862 
(88.2)

19,273 
(31.6)

4,068 
(6.7)

5,097 
(8.4)

11,367 
(18.6)

18,088 
(29.6)

3,142 
(5.1)

Abbreviations: BV = bivalent; ED/UC = emergency department/urgent care; KPCHR = Kaiser Permanente Center for Health Research; KPNC = Kaiser Permanente 
Northern California; MV = monovalent; NH = non-Hispanic; SMD = standardized mean or proportion difference.
 * ED/UC encounters with a discharge code consistent with COVID-19–like illness were included. COVID-19–like illness diagnoses included acute respiratory illness, 

respiratory signs or symptoms, or febrile signs or symptoms using diagnosis codes from the International Classification of Diseases, Tenth Revision. Clinician-ordered 
molecular assays (e.g., real-time reverse transcription–polymerase chain reaction) for SARS-CoV-2 occurring ≤14 days before to <72 hours after the encounter date 
were included.

 † California (Sep 13–Nov 18, 2022), Colorado (Sep 13–Nov 7, 2022), Minnesota and Wisconsin (Sep 13–Nov 18, 2022), New York (Sep 13–Nov 18, 2022), Oregon and 
Washington (Sep 13–Nov 14, 2022), Texas (Sep 13–Nov 13, 2022), and Utah (Sep 13–Nov 18, 2022).

 § Vaccination was defined as having received the last monovalent or bivalent dose within the specified range of months or days before the ED/UC encounter date, 
which was the date of respiratory specimen collection associated with the most recent positive or negative SARS-CoV-2 test result before the encounter start date 
or the encounter start date if testing only occurred after the admission.

 ¶ An absolute SMD >0.20 indicates a nonnegligible difference in variable distributions between ED/UC encounters for vaccinated versus unvaccinated patients or 
for patients with positive SARS-CoV-2 test results versus patients with negative SARS-CoV-2 test results. For mRNA COVID-19 vaccination status, a single SMD was 
calculated by averaging the absolute SMDs obtained from pairwise comparisons of each vaccinated category versus unvaccinated. Specifically, it was calculated 
as the average of the absolute value of the SMDs for 1) vaccinated with only monovalent doses, ≥11 months earlier versus unvaccinated, 2) vaccinated with only 
monovalent doses, 8–10 months earlier versus unvaccinated, 3) vaccinated with only monovalent doses 5–7 months earlier versus unvaccinated, 4) vaccinated 
with only monovalent doses 2–4 months earlier versus unvaccinated, and 5) vaccinated with bivalent booster ≥7 days earlier versus unvaccinated.

 ** Other race includes Asian, Hawaiian or other Pacific Islander, American Indian or Alaska Native, other not listed, and multiple races. Because of small numbers, these 
categories were combined.

 †† Previous SARS-CoV-2 infection was defined as having a positive SARS-CoV-2 test result (molecular or antigen) documented in the electronic health record ≥15 days 
before the hospital admission date. This does not capture previous infections in which testing was not performed or testing was performed but not available in 
the electronic health record (e.g., at-home testing).
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TABLE 2. Bivalent booster COVID-19 vaccine effectiveness* against laboratory confirmed COVID-19–associated emergency department and 
urgent care encounters and hospitalizations among immunocompetent adults aged 18 years — nine states,† September–November 2022

mRNA dosage pattern Total
Negative SARS-CoV-2 

test result, no. (%)
Positive SARS-CoV-2 

test result, no. (%)
Median interval since last 

dose, days (IQR)
VE % 

(95% CI)

ED/UC encounters
Relative VE
Only MV doses, last dose 2–4 mos earlier 5,668 5,131 (91) 537 (9) 115 (91–134) Ref
BV booster dose, ≥7 days earlier 3,905 3,658 (94) 247 (6) 25 (16–37) 31 (19–41)
Only MV doses, last dose 5–7 mos earlier 6,891 6,166 (89) 725 (11) 184 (166–209) Ref
BV booster dose, ≥7 days earlier 3,905 3,658 (94) 247 (6) 25 (16–37) 42 (32–50)
Only MV doses, last dose 8–10 mos earlier 14,220 12,543 (88) 1,677 (12) 294 (273–312) Ref
BV booster dose, ≥7 days earlier 3,905 3,658 (94) 247 (6) 25 (16–37) 53 (46–60)
Only MV doses, last dose ≥11 mos earlier 23,477 20,694 (88) 2,783 (12) 459 (365–542) Ref
BV booster dose, ≥7 days earlier 3,905 3,658 (94) 247 (6) 25 (16–37) 50 (43–57)
Absolute VE
Unvaccinated 24,142 21,102 (87) 3,040 (13) NA Ref
BV booster dose, ≥7 days earlier 3,905 3,658 (94) 247 (6) 25 (16–37) 56 (49–62)
Hospitalizations
Relative VE
Only MV doses, last dose 2–4 mos earlier —§ — — — —
BV booster dose, ≥7 days earlier — — — — —
Only MV doses, last dose 5–7 mos earlier 1,819 1,652 (91) 167 (9) 178 (164–201) Ref
BV booster dose, ≥7 days earlier 783 734 (94) 49 (6) 23 (14–34) 38 (13–56)
Only MV doses, last dose 8–10 mos earlier 2,655 2,422 (91) 233 (9) 294 (273–313) Ref
BV booster dose, ≥7 days earlier 783 734 (94) 49 (6) 23 (14–34) 42 (19–58)
Only MV doses, last dose ≥11 mos earlier 4,595 4,147 (90) 448 (10) 472 (362–556) Ref
BV booster dose, ≥7 days earlier 783 734 (94) 49 (6) 23 (14–34) 45 (25–60)
Absolute VE
Unvaccinated 4,092 3,658 (89) 434 (11) NA Ref
BV booster dose, ≥7 days earlier 783 734 (94) 49 (6) 23 (14–34) 57 (41–69)

Abbreviations: BV = bivalent; ED/UC = emergency department/urgent care; MV = monovalent; NA = not applicable; Ref = referent group; VE = vaccine effectiveness.
* VE was calculated as ([1 − odds ratio] x 100%), estimated using a test-negative case-control design, adjusted for age, sex, race and ethnicity, geographic region, 

calendar time (days since January 1, 2021), and local virus circulation (percentage of positive SARS-CoV-2 test results from testing within the counties surrounding 
the facility on the date of the encounter).

† California (Sep 13, 2022–Nov 18, 2022), Colorado (Sep 13, 2022–Nov 7, 2022), Minnesota and Wisconsin (Sep 13, 2022–Nov 18, 2022), New York (Sep 13, 2022–Nov 18, 
2022), Oregon and Washington (Sep 13, 2022–Nov 14, 2022), Texas (Sep 13, 2022–Nov 13, 2022), and Utah (Sep 13, 2022–Nov 18, 2022).

§ Dashes indicate that estimated VE had a CI width ≥50%. Estimates with CI widths ≥50% are not shown here because of imprecision. The associated data are also omitted.

who had received a bivalent booster dose (median interval 
since receipt of bivalent booster  dose =  23 days), 49 (6%) 
had received 2 monovalent doses, 252 (32%) had received 3 
monovalent doses, and 482 (62%) had received 4 monovalent 
doses. Bivalent booster dose recipients were similar in age to 
vaccinated adults who had not received a bivalent booster dose 
(median age = 76 and 73 years, respectively). VE of a biva-
lent booster dose (after 2, 3, or 4 monovalent doses) against 
hospitalization for COVID-19–associated illness was 57% 
(95% CI = 41%–69%) compared with no vaccination and 
45% (95% CI = 25%–60%) compared with receipt of last 
monovalent doses, with last dose ≥11 months earlier (Table 2).

Discussion

Analysis of data from the multistate VISION Network found 
that during September–November 2022, when the BA.5 and 
other Omicron sublineages were the predominant circulating 
SARS-CoV-2 variants in the United States, bivalent booster 
doses (after receipt of 2, 3, or 4 monovalent doses) were effec-
tive in preventing medically attended COVID-19 compared 

with no previous vaccination among immunocompetent 
adults and provided additional protection when compared 
with previous monovalent mRNA vaccine doses only. VE was 
similar against COVID-19–associated ED/UC encounters 
and hospitalizations, which might reflect changing severity of 
hospitalized cases over time (5). Additional studies are needed 
to evaluate VE against outcomes such as COVID-19–associ-
ated severe respiratory illness or death. The IVY Network, an 
adult inpatient VE network, recently found higher estimated 
VE in adults aged ≥65 years compared with estimates for those 
aged ≥18 years included in this analysis (6). This might reflect 
differences in population subgroups evaluated. Long-term 
durability of bivalent booster vaccination protection also could 
not be assessed because of the short period of observation since 
bivalent dose receipt. In a recent analysis from VISION, during 
BA.4/BA.5–predominant circulation, 3-dose monovalent VE 
against COVID-19–associated hospitalization was observed 
to wane from 68% at 7–119 days after vaccination to 36% at 
≥120 days (5). This might explain why, among patients who 
had received 2, 3, or 4 monovalent vaccine doses only, a longer 
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TABLE 3. Characteristics of hospitalizations among immunocompetent adults aged ≥18 years with COVID-19–like illness,* by mRNA COVID-19 
vaccination status and SARS-CoV-2 test result — nine states,† September–November 2022

Characteristic

Overall,  
no. 

(col %)

SARS-CoV-2 test result status 
no. (row %)

SMD¶

mRNA COVID-19 vaccination status.§  
no. (row %)

SMD¶
Case-patients 

(positive)

Control 
patients 

(negative) Unvaccinated

Received 2, 3, or 4 MV doses only, 
interval since last dose (mos)

Received BV 
booster dose 

≥7 days 
earlier2–4 5–7 8–10 ≥11

All hospitalizations 15,527 
(100.0)

1,453 
(9.4)

14,074 
(90.6)

— 4,092 
(26.4)

1,583 
(10.2)

1,819 
(11.7)

2,655 
(17.1)

4,595 
(29.6)

783 
(5.0)

—

Site
Baylor Scott & 

White Health
3,782 
(24.4)

331 
(8.8)

3,451 
(91.2)

0.19 1,545 
(40.9)

117 
(3.1)

136 
(3.6)

433 
(11.4)

1,516 
(40.1)

35 
(0.9)

3.91

Columbia University 1,125 
(7.2)

128 
(11.4)

997 
(88.6)

432 
(38.4)

69 
(6.1)

109 
(9.7)

200 
(17.8)

292 
(26.0)

23 
(2.0)

HealthPartners 1,504 
(9.7)

165 
(11.0)

1,339 
(89.0)

311 
(20.7)

206 
(13.7)

183 
(12.2)

267 
(17.8)

349 
(23.2)

188 
(12.5)

Intermountain 
Healthcare

1,693 
(10.9)

219 
(12.9)

1,474 
(87.1)

506 
(29.9)

167 
(9.9)

167 
(9.9)

285 
(16.8)

536 
(31.7)

32 
(1.9)

KPNC 5,489 
(35.4)

438 
(8.0)

5,051 
(92.0)

582 
(10.6)

838 
(15.3)

1,076 
(19.6)

1,193 
(21.7)

1,384 
(25.2)

416 
(7.6)

KPNW 1,028 
(6.6)

82 
(8.0)

946 
(92.0)

305 
(29.7)

135 
(13.1)

104 
(10.1)

181 
(17.6)

238 
(23.2)

65 
(6.3)

University of Colorado 906 
(5.8)

90 
(9.9)

816 
(90.1)

411 
(45.4)

51 
(5.6)

44 
(4.9)

96 
(10.6)

280 
(30.9)

24 
(2.6)

Age group, yrs
18–49 2,928 

(18.9)
160 

(5.5)
2,768 
(94.5)

0.34 1,315 
(44.9)

72 
(2.5)

138 
(4.7)

506 
(17.3)

822 
(28.1)

75 
(2.6)

2.74

50–64 2,988 
(19.2)

212 
(7.1)

2,776 
(92.9)

1,006 
(33.7)

229 
(7.7)

284 
(9.5)

574 
(19.2)

812 
(27.2)

83 
(2.8)

65–74 3,244 
(20.9)

300 
(9.2)

2,944 
(90.8)

717 
(22.1)

390 
(12.0)

404 
(12.5)

528 
(16.3)

1,016 
(31.3)

189 
(5.8)

75–84 3,626 
(23.4)

410 
(11.3)

3,216 
(88.7)

599 
(16.5)

482 
(13.3)

565 
(15.6)

639 
(17.6)

1,085 
(29.9)

256 
(7.1)

≥85 2,741 
(17.7)

371 
(13.5)

2,370 
(86.5)

455 
(16.6)

410 
(15.0)

428 
(15.6)

408 
(14.9)

860 
(31.4)

180 
(6.6)

Sex
Female 8,405 

(54.1)
748 

(8.9)
7,657 
(91.1)

0.06 2,147 
(25.5)

873 
(10.4)

990 
(11.8)

1,447 
(17.2)

2,525 
(30.0)

423 
(5.0)

0.19

Male 7,122 
(45.9)

705 
(9.9)

6,417 
(90.1)

1,945 
(27.3)

710 
(10.0)

829 
(11.6)

1,208 
(17.0)

2,070 
(29.1)

360 
(5.1)

Race and ethnicity
Black or African 

American, NH
1,788 
(11.5)

116 
(6.5)

1,672 
(93.5)

0.2 634 
(35.5)

138 
(7.7)

171 
(9.6)

248 
(13.9)

546 
(30.5)

51 
(2.9)

1.18

Hispanic or Latino 2,395 
(15.4)

178 
(7.4)

2,217 
(92.6)

696 
(29.1)

212 
(8.9)

248 
(10.4)

490 
(20.5)

683 
(28.5)

66 
(2.8)

Other,** NH 1,502 
(9.7)

117 
(7.8)

1,385 
(92.2)

279 
(18.6)

197 
(13.1)

240 
(16.0)

303 
(20.2)

381 
(25.4)

102 
(6.8)

Unknown 239 
(1.5)

21 
(8.8)

218 
(91.2)

111 
(46.4)

13 
(5.4)

24 
(10.0)

29 
(12.1)

58 
(24.3)

4 
(1.7)

White, NH 9,603 
(61.8)

1,021 
(10.6)

8,582 
(89.4)

2,372 
(24.7)

1,023 
(10.7)

1,136 
(11.8)

1,585 
(16.5)

2,927 
(30.5)

560 
(5.8)

Documented prior SARS-CoV-2 infection††

Yes 2,450 
(15.8)

141 
(5.8)

2,309 
(94.2)

0.2 641 
(26.2)

217 
(8.9)

253 
(10.3)

415 
(16.9)

828 
(33.8)

96 
(3.9)

0.19

No 13,077 
(84.2)

1,312 
(10.0)

11,765 
(90.0)

3,451 
(26.4)

1,366 
(10.4)

1,566 
(12.0)

2,240 
(17.1)

3,767 
(28.8)

687 
(5.3)

SARS-CoV-2 status
Positive test result 

(case-patient)
1,453 

(9.4)
1,453 

(100.0)
0 

(—)
— 434 

(29.9)
122 

(8.4)
167 

(11.5)
233 

(16.0)
448 

(30.8)
49 

(3.4)
0.27

Negative test result 
(control patient)

14,074 
(90.6)

0 
(—)

14,074 
(100.0)

3,658 
(26.0)

1,461 
(10.4)

1,652 
(11.7)

2,422 
(17.2)

4,147 
(29.5)

734 
(5.2)

See table footnotes on the next page.
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TABLE 3. (Continued) Characteristics of hospitalizations among immunocompetent adults aged ≥18 years with COVID-19–like illness,* by mRNA 
COVID-19 vaccination status and SARS-CoV-2 test result — nine states,† September–November 2022

Characteristic

Overall,  
no. 

(col %)

SARS-CoV-2 test result status 
no. (row %)

SMD¶

mRNA COVID-19 vaccination status.§  
no. (row %)

SMD¶
Case-patients 

(positive)

Control 
patients 

(negative) Unvaccinated

Received 2, 3, or 4 MV doses only, 
interval since last dose (mos)

Received BV 
booster dose 

≥7 days 
earlier2–4 5–7 8–10 ≥11

No. of monovalent mRNA vaccine doses received
None 4,092 

(26.4)
434 

(10.6)
3,658 
(89.4)

0.1 4,092 
(100.0)

0 
(—)

0 
(—)

0 
(—)

0 
(—)

0 
(—)

—

2 3,404 
(21.9)

322 
(9.5)

3,082 
(90.5)

0 
(—)

48 
(1.4)

82 
(2.4)

196 
(5.8)

3,029 
(89.0)

49 
(1.4)

3 5,018 
(32.3)

443 
(8.8)

4,575 
(91.2)

0 
(—)

216 
(4.3)

525 
(10.5)

2,459 
(49.0)

1,566 
(31.2)

252 
(5.0)

4 3,013 
(19.4)

254 
(8.4)

2,759 
(91.6)

0 
(—)

1,319 
(43.8)

1,212 
(40.2)

0 
(—)

0 
(—)

482 
(16.0)

Most recent dose product manufacturer
Pfizer-BioNTech 7,085 

(45.6)
620 

(8.8)
6,465 
(91.2)

0.09 0 
(—)

1,006 
(14.2)

1,132 
(16.0)

1,450 
(20.5)

2,914 
(41.1)

583 
(8.2)

—

Moderna 4,350 
(28.0)

399 
(9.2)

3,951 
(90.8)

0 
(—)

577 
(13.3)

687 
(15.8)

1,205 
(27.7)

1,681 
(38.6)

200 
(4.6)

None 4,092 
(26.4)

434 
(10.6)

3,658 
(89.4)

4,092 
(100.0)

0 
(—)

0 
(—)

0 
(—)

0 
(—)

0 
(—)

Any chronic condition
Yes 14,671 

(94.5)
1,411 

(9.6)
13,260 

(90.4)
0.14 3,748 

(25.5)
1,558 
(10.6)

1,782 
(12.1)

2,472 
(16.8)

4,363 
(29.7)

748 
(5.1)

0.83

No 856 
(5.5)

42 
(4.9)

814 
(95.1)

344 
(40.2)

25 
(2.9)

37 
(4.3)

183 
(21.4)

232 
(27.1)

35 
(4.1)

≥1 chronic respiratory condition
Yes 9,261 

(59.6)
921 

(9.9)
8,340 
(90.1)

0.08 2,324 
(25.1)

1,049 
(11.3)

1,174 
(12.7)

1,540 
(16.6)

2,700 
(29.2)

474 
(5.1)

0.44

No 6,266 
(40.4)

532 
(8.5)

5,734 
(91.5)

1,768 
(28.2)

534 
(8.5)

645 
(10.3)

1,115 
(17.8)

1,895 
(30.2)

309 
(4.9)

≥1 chronic non-respiratory condition
Yes 14,141 

(91.1)
1,370 

(9.7)
12,771 

(90.3)
0.14 3,530 

(25.0)
1,535 
(10.9)

1,745 
(12.3)

2,402 
(17.0)

4,197 
(29.7)

732 
(5.2)

1.07

No 1,386 
(8.9)

83 
(6.0)

1,303 
(94.0)

562 
(40.5)

48 
(3.5)

74 
(5.3)

253 
(18.3)

398 
(28.7)

51 
(3.7)

ICU admission
Yes 2,568 

(16.5)
182 

(7.1)
2,386 
(92.9)

0.13 751 
(29.2)

232 
(9.0)

300 
(11.7)

449 
(17.5)

729 
(28.4)

107 
(4.2)

0.29

No 12,959 
(83.5)

1,271 
(9.8)

11,688 
(90.2)

3,341 
(25.8)

1,351 
(10.4)

1,519 
(11.7)

2,206 
(17.0)

3,866 
(29.8)

676 
(5.2)

Receipt of invasive mechanical ventilation
Yes 1,580 

(10.2)
97 

(6.1)
1,483 
(93.9)

0.14 567 
(35.9)

112 
(7.1)

128 
(8.1)

227 
(14.4)

497 
(31.5)

49 
(3.1)

0.75

No 13,947 
(89.8)

1,356 
(9.7)

12,591 
(90.3)

3,525 
(25.3)

1,471 
(10.5)

1,691 
(12.1)

2,428 
(17.4)

4,098 
(29.4)

734 
(5.3)

See table footnotes on the next page.

interval since the most recent dose was associated with more 
relative protection after receipt of the bivalent booster dose.

Bivalent COVID-19 booster vaccines were developed to 
improve protection against circulating Omicron sublineages 
because of immune escape potentially associated with these 
subvariants and waning of monovalent vaccine-conferred 
protection over time (7). Real-world data suggest that biva-
lent boosters provide a modest degree of protection against 
symptomatic infection among adults compared with receipt 
of 2, 3, or 4 doses of monovalent vaccines only (8). Results 
from this study also demonstrate protection against ED/UC 

encounters and hospitalization during a period when BA.5 and 
other Omicron sublineage viruses predominated in the United 
States. With co-circulation of multiple respiratory viruses, 
including SARS-CoV-2, influenza, and respiratory syncytial 
virus, vaccination against respiratory diseases for which vac-
cines are available is especially important to prevent illnesses 
resulting in health care encounters and to reduce strain on the 
health care system (9). Additional studies will be critical to 
evaluating the durability of added protection, especially with 
circulation of sublineages of the BA.4/BA.5 Omicron variants 
such as BQ.1 and BQ.1.1.



Morbidity and Mortality Weekly Report

MMWR / December 30, 2022 / Vol. 71 / No. 51-52 1623US Department of Health and Human Services/Centers for Disease Control and Prevention

TABLE 3. (Continued) Characteristics of hospitalizations among immunocompetent adults aged ≥18 years with COVID-19–like illness,* by mRNA 
COVID-19 vaccination status and SARS-CoV-2 test result — nine states,† September–November 2022

Characteristic

Overall,  
no. 

(col %)

SARS-CoV-2 test result status 
no. (row %)

SMD¶

mRNA COVID-19 vaccination status.§  
no. (row %)

SMD¶
Case-patients 

(positive)

Control 
patients 

(negative) Unvaccinated

Received 2, 3, or 4 MV doses only, 
interval since last dose (mos)

Received BV 
booster dose 

≥7 days 
earlier2–4 5–7 8–10 ≥11

In-hospital death§§

Yes 466 
(3.0)

51 
(10.9)

415 
(89.1)

0.03 129 
(27.7)

61 
(13.1)

57 
(12.2)

58 
(12.4)

139 
(29.8)

22 
(4.7)

0.11

No 15,061 
(97.0)

1,402 
(9.3)

13,659 
(90.7)

3,963 
(26.3)

1,522 
(10.1)

1,762 
(11.7)

2,597 
(17.2)

4,456 
(29.6)

761 
(5.1)

Abbreviations: BV = bivalent; ICU = intensive care unit; KPCHR = Kaiser Permanente Center for Health Research; KPNC = Kaiser Permanente Northern California; 
MV = monovalent; NH = non-Hispanic; SMD = standardized mean or proportion difference.
* Hospitalizations with a discharge code consistent with COVID-19–like illness were included. COVID-19–like illness diagnoses included acute respiratory illness, respiratory 

signs or symptoms or febrile signs or symptoms using diagnosis codes from the International Classification of Diseases, Tenth Revision. Clinician-ordered molecular assays 
(e.g., real-time reverse transcription–polymerase chain reaction) for SARS-CoV-2 occurring ≤14 days before to <72 hours after the encounter date were included.

† California (Sep 13–Nov 18, 2022), Colorado (Sep 13–Nov 7, 2022), Minnesota and Wisconsin (Sep 13–Nov 18, 2022), New York (Sep 13–Nov 18, 2022), Oregon and 
Washington (Sep 13–Nov 14, 2022), Texas (Sep 13–Nov 13, 2022), and Utah (Sep 13–Nov 18, 2022).

§ Vaccination was defined as having received the last monovalent or bivalent dose within the specified range of months/days before the hospitalization encounter 
date, which was the date of respiratory specimen collection associated with the most recent positive or negative SARS-CoV-2 test result before the admission date 
or the admission date if testing only occurred after the admission.

 ¶ An absolute SMD >0.20 indicates a nonnegligible difference in variable distributions between hospitalizations for vaccinated versus unvaccinated patients or for 
patients with a positive SARS-Cov-2 test result versus patients with a negative SARS-CoV-2 test result. For mRNA COVID-19 vaccination status, a single SMD was 
calculated by averaging the absolute SMDs obtained from pairwise comparisons of each vaccinated category versus unvaccinated. Specifically, it was calculated 
as the average of the absolute value of the SMDs for 1) vaccinated with only monovalent doses, ≥11 months earlier versus unvaccinated, 2) vaccinated with only 
monovalent doses, 8–10 months earlier versus unvaccinated, 3) vaccinated with only monovalent doses 5–7 months earlier versus unvaccinated, 4) vaccinated 
with only monovalent doses 2–4 months earlier versus unvaccinated, and 5) vaccinated with bivalent booster ≥7 days earlier versus unvaccinated.

 ** Other race includes Asian, Hawaiian or other Pacific Islander, American Indian or Alaska Native, other not listed, and multiple races. Because of small numbers, these 
categories were combined.

 †† Previous SARS-CoV-2 infection was defined as having a positive SARS-CoV-2 test result (molecular or antigen) documented in the electronic health record ≥15 days 
before the hospital admission date. This does not capture infections in which testing was not performed or testing was performed but not available in the electronic 
health record, e.g., at-home testing.

 §§ In-hospital death was identified at each individual site and was defined as a death while hospitalized and ≤28 days after admission.

Summary
What is already known about this topic?

Bivalent mRNA COVID-19 booster doses containing an Omicron 
BA.4/BA.5 sublineage component were recommended on 
September 1, 2022. The effectiveness of these updated vaccines 
against COVID-19–associated medical encounters has not 
been established.

What is added by this report?

Bivalent booster doses provided additional protection against 
COVID-19–associated emergency department/urgent care 
encounters and hospitalizations in persons who previously 
received 2, 3, or 4 monovalent vaccine doses. Because of 
waning of monovalent vaccine-conferred immunity, relative 
effectiveness of bivalent vaccines was higher with increased 
time since the previous monovalent dose.

What are the implications for public health practice?

All persons should stay up to date with recommended COVID-19 
vaccinations, including receiving a bivalent booster dose if eligible.

The findings in this study are subject to at least six limita-
tions. First, previous SARS-CoV-2 infection was not accounted 
for in this analysis. A large proportion of the population has 
now experienced SARS-CoV-2 infection which decreases the 

risk of future medically attended COVID-19 illness and might 
affect observed VE due to background immunity (10). Second, 
although models adjusted for relevant confounders, residual 
confounding is possible, including by behavioral differences 
and use of COVID-19 treatments such as nirmatrelvir/ritona-
vir (Paxlovid). Third, sublineage-specific VE could not be esti-
mated. Fourth, this analysis did not compare product-specific 
bivalent booster VE estimates. Fifth, relative VE was estimated 
using the interval since receipt of last monovalent dose; this 
study was not statistically powered to estimate whether rela-
tive VE differed by number of previous monovalent vaccine 
doses received. Finally, because these data are from nine states, 
the patients in this analysis might not be representative of the 
entire population of the United States. Further, this analysis 
included adults who received bivalent booster doses shortly 
after authorization who might not be fully representative of 
the vaccine-eligible population. For example, over one half of 
bivalent booster recipients had previously received 4 monova-
lent vaccine doses. Additional VE studies are needed as coverage 
of bivalent boosters increases. 

In this early study of immunocompetent adults, significant 
protection from a booster dose of bivalent mRNA COVID-19 
vaccine (after receipt of 2, 3, or 4 monovalent doses) compared 
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with no vaccination was found, as well as significant relative 
benefits of a bivalent booster dose when compared with previ-
ous receipt of monovalent doses only. These findings support 
efforts to improve coverage with bivalent vaccines, although 
optimal timing for receipt of bivalent vaccine booster doses 
needs to be established. All eligible persons should stay up to 
date with recommended COVID-19 vaccination, including 
receiving a bivalent booster dose. In addition, persons should 
consider taking other precautions to avoid respiratory illness 
this winter season, including masking in public indoor spaces, 
especially in areas where COVID-19 community levels are 
high, to protect themselves and others and reduce strain on 
the health care system during an ongoing surge in multiple 
respiratory viruses.
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On December 16, 2022, this report was posted as an MMWR 
Early Release on the MMWR website (https://www.cdc.gov/mmwr). 

Monovalent COVID-19 mRNA vaccines, designed against the 
ancestral strain of SARS-CoV-2, successfully reduced COVID-19–
related morbidity and mortality in the United States and globally 
(1,2). However, vaccine effectiveness (VE) against COVID-19–
associated hospitalization has declined over time, likely related to a 
combination of factors, including waning immunity and, with the 
emergence of the Omicron variant and its sublineages, immune 
evasion (3). To address these factors, on September 1, 2022, the 
Advisory Committee on Immunization Practices recommended 
a bivalent COVID-19 mRNA booster (bivalent booster) dose, 
developed against the spike protein from ancestral SARS-CoV-2 and 
Omicron BA.4/BA.5 sublineages, for persons who had completed 
at least a primary COVID-19 vaccination series (with or without 
monovalent booster doses) ≥2 months earlier (4). Data on the 
effectiveness of a bivalent booster dose against COVID-19 hospi-
talization in the United States are lacking, including among older 
adults, who are at highest risk for severe COVID-19–associated 
illness. During September 8–November 30, 2022, the Investigating 
Respiratory Viruses in the Acutely Ill (IVY) Network§ assessed 

* These authors contributed equally to this report.
† These senior authors contributed equally to this report.
§ The IVY Network includes the following hospitals: Baystate Medical Center 

(Springfield, Massachusetts), Beth Israel Deaconess Medical Center (Boston, 
Massachusetts), Montefiore Medical Center (New York, New York), Vanderbilt 
University Medical Center (Nashville, Tennessee), University of Miami Medical 
Center (Miami, Florida), Emory University Medical Center (Atlanta, Georgia), 
Johns Hopkins Hospital (Baltimore, Maryland), Wake Forest University Baptist 
Medical Center (Winston-Salem, North Carolina), Baylor Scott & White Health – 
Baylor Scott & White Medical Center (Temple, Texas), University of Iowa 
Hospitals (Iowa City, Iowa), University of Michigan Hospital (Ann Arbor, 
Michigan), Hennepin County Medical Center (Minneapolis, Minnesota), Barnes-
Jewish Hospital (St. Louis, Missouri), Cleveland Clinic (Cleveland, Ohio), The 
Ohio State University Wexner Medical Center (Columbus, Ohio), Stanford 
University Medical Center (Stanford, California), UCLA Medical Center 
(Los Angeles, California), UCHealth University of Colorado Hospital (Aurora, 
Colorado), Oregon Health & Sciences University Hospital (Portland, Oregon), 
Intermountain Medical Center (Murray, Utah), University of Washington (Seattle, 
Washington), and Baylor Scott & White Health – Baylor University Medical 
Center (Dallas, Texas).

effectiveness of a bivalent booster dose received after ≥2 doses of 
monovalent mRNA vaccine against COVID-19–associated hospi-
talization among immunocompetent adults aged ≥65 years. When 
compared with unvaccinated persons, VE of a bivalent booster dose 
received ≥7 days before illness onset (median = 29 days) against 
COVID-19–associated hospitalization was 84%. Compared with 
persons who received ≥2 monovalent-only mRNA vaccine doses, 
relative VE of a bivalent booster dose was 73%. These early find-
ings show that a bivalent booster dose provided strong protection 
against COVID-19–associated hospitalization in older adults and 
additional protection among persons with previous monovalent-
only mRNA vaccination. All eligible persons, especially adults 
aged ≥65 years, should receive a bivalent booster dose to maximize 
protection against COVID-19 hospitalization this winter season. 
Additional strategies to prevent respiratory illness, such as masking 
in indoor public spaces, should also be considered, especially in areas 
where COVID-19 community levels are high (4,5).

During September 8–November 30, 2022, adults aged 
≥65 years admitted for COVID-19–like illness¶ to any of 
22 hospitals in 18 states participating in the IVY Network were 
eligible for inclusion in this test-negative design, case-control 
analysis. Among patients hospitalized with COVID-19–like 
illness who received testing for SARS-CoV-2 by nucleic acid 
amplification test or antigen test, those who received a posi-
tive test result ≤10 days after illness onset and ≤3 days after 
hospital admission were classified as case-patients, and those 
who received a negative test result during the same interval 
were classified as control patients. Upper respiratory specimens 
were collected from enrolled patients and retested by reverse 
transcription–polymerase chain reaction for SARS-CoV-2 and 
influenza at a central laboratory (Vanderbilt University Medical 

¶ COVID-19–like illness was defined as including any one of the following: fever, 
cough, shortness of breath, new or worsening findings on chest imaging 
consistent with pneumonia, or hypoxemia defined as oxygen saturation (SpO2) 
<92% on room air or supplemental oxygen to maintain SpO2 ≥92%. For 
patients on chronic oxygen therapy, hypoxemia was defined as SpO2 below 
baseline or an escalation of supplemental oxygen to maintain a baseline SpO2.

https://www.cdc.gov/mmwr
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Center). Patients who were initially enrolled as controls on 
the basis of negative SARS-CoV-2 test results at their local 
hospital, but whose test results by central laboratory testing 
were positive, were reclassified as case-patients in the analysis. 
Control patients whose influenza test results were positive were 
excluded from the analysis because of potential correlation 
between COVID-19 and influenza vaccination behaviors (6).

Demographic and clinical data were obtained through elec-
tronic medical record (EMR) review and patient (or proxy) 
interview. COVID-19 mRNA vaccination status was verified 
from EMR, state-based registries, vaccination cards, or self-
report. Three COVID-19 vaccination groups were defined 
as: 1) unvaccinated (no COVID-19 vaccine doses received); 
2) vaccinated with ≥2 monovalent-only mRNA vaccine doses 
with last dose ≥2 months before illness onset; and 3) vaccinated 
with ≥2 monovalent-only mRNA vaccine doses plus a bivalent 
booster dose ≥2 months after receipt of the last monovalent 
mRNA vaccine dose. Analyses excluded patients with immu-
nocompromising conditions,** those who received a bivalent 
booster dose <7 days before illness onset or ≤2 months after 
their last monovalent vaccine dose, those who received a non-
mRNA COVID-19 vaccine, and those with other exclusions.††

Absolute VE against COVID-19–associated hospitalization 
was estimated by comparing the odds of bivalent booster dose 
receipt with no COVID-19 vaccination between case-patients 
and control patients. Relative VE, which is a measure of the 
additional protection against COVID-19 hospitalization from 
a bivalent booster dose compared with residual protection from 
previous monovalent vaccination, was estimated by compar-
ing the odds of bivalent booster vaccination with receipt of 
≥2 monovalent-only mRNA vaccine doses between case-patients 
and control patients. Relative VE was stratified by number of 
months (i.e., 2–5, 6–11, or ≥12) between the last monovalent 
vaccine dose and illness onset. Using multivariable logistic 
regression models, VE was estimated as (1 − adjusted odds ratio 
[aOR]) x 100). Models were adjusted for U.S. Department of 
Health and Human Services region, admission date in 2-week 
intervals, continuous age, sex, race, and Hispanic or Latino 
(Hispanic) ethnicity. Estimates with nonoverlapping 95% CIs 

 ** Immunocompromising conditions were defined as active solid tumor or 
hematologic cancer (i.e., newly diagnosed cancer or cancer treatment within 
the previous 6 months); solid organ transplant; bone marrow or stem cell 
transplant; HIV infection; congenital immunodeficiency syndrome; use of 
an immunosuppressive medication within the previous 30 days; splenectomy; 
or another condition that causes moderate or severe immunosuppression.

 †† Exclusions: 1) immunocompromising conditions; 2) illness onset after hospital 
admission; 3) enrollment >7 days after hospital admission; 4) SARS-CoV-2-
positive test result >3 days after hospital admission; 5) co-infection with 
influenza or respiratory syncytial virus (RSV); 6) positive influenza test result 
in control patients; 7) receipt of non-mRNA vaccine; 8) partial vaccination 
(receipt of only 1 mRNA vaccine dose); 9) receipt of last monovalent vaccine 
dose <2 months before illness onset; 10) receipt of bivalent vaccine dose 
<2 months after last monovalent dose; or 11) withdrawal from study.

were considered statistically significant. Analyses were conducted 
using SAS (version 9.4; SAS Institute). This activity was deter-
mined to be public health surveillance by each participating site 
and CDC, and was conducted consistent with all applicable 
federal laws and CDC policy.§§

During September 8–November 30, 2022, a total of 1,168 
immunocompetent adults aged ≥65 years were enrolled in 
the IVY Network. After exclusion of 370 patients,¶¶ 798 
(68%) were included in this analysis (381 case-patients and 
417 control patients) (Table 1). The median age of included 
patients was 76 years (IQR = 70–83 years), 118 (15%) were 
non-Hispanic Black or African American, 78 (10%) were 
Hispanic, 588 (74%) had at least two underlying conditions, 
and 66 (8%) had self-reported or documented SARS-CoV-2 
infection before the current illness episode during the Omicron 
period (December 26, 2021–November 30, 2022). Among the 
381 case-patients, 81 (21%) were unvaccinated, 280 (73%) 
had received ≥2 monovalent-only mRNA vaccine doses, and 
20 (5%) had received a bivalent booster dose. Among 417 
control patients, 62 (15%) were unvaccinated, 296 (71%) 
had received ≥2 monovalent-only mRNA vaccine doses, and 
59 (14%) had received a bivalent booster dose.

The median interval between receipt of a bivalent booster 
dose and illness onset was 29 days (IQR  =  15–45 days) 
(Table 2). When compared with unvaccinated patients, VE 
of a bivalent booster dose in preventing COVID-19–associ-
ated hospitalization was 84%. When compared with patients 
who had received ≥2 monovalent-only mRNA vaccine doses 
≥2 months before illness onset, relative VE of a bivalent booster 
dose was 73%. When compared with patients whose last 
monovalent dose was 6–11 months and ≥12 months before 
illness onset, relative VE of a bivalent booster dose was 78% 
and 83%, respectively. Small sample size precluded estimation 
of the relative VE of a bivalent booster dose compared with 
receipt of ≥2 monovalent-only mRNA vaccine doses with last 
dose 2–5 months before illness onset.***

 §§ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. 
§552a; 44 U.S.C. §3501 et seq.

 ¶¶ A total of 370 patients were excluded from the analysis for the following reasons 
(not mutually exclusive): patient did not meet COVID-19–like illness 
definition (two); illness onset occurred after hospital admission (12); patient 
enrolled >7 days after hospital admission (21); inability to obtain an upper 
respiratory sample for central laboratory testing among controls (19); 
SARS-CoV-2 test >3 days after hospital admission (three); SARS-CoV-2 testing 
indeterminate (seven); case-patient received a positive influenza test result 
(three); control patient received a positive influenza test result (100); influenza 
testing indeterminate or not done (42); case-patient received a positive RSV 
test result (five); inability to verify vaccination status (71); received non-mRNA 
vaccine (66); partial vaccination (30); received last monovalent dose <2 months 
before illness onset (10); received bivalent COVID-19 mRNA booster dose 
<2 months after last monovalent dose (three); received COVID-19 vaccines 
outside of CDC guidelines (13); other sex (two); or withdrew (two).

 *** VE estimates with 95% CIs >50 percentage points were not reported because 
of lack of precision.
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TABLE 1. Characteristics of immunocompetent adults aged ≥65 years, 
hospitalized with COVID-like illness,* by COVID-19 case status — 
IVY Network, 22 hospitals,† 18 U.S. states, September 8, 2022–
November 30, 2022

Characteristic

No. (%)

Total 
(N = 798)

COVID-19 
case-patients 

(n = 381)

Test-negative 
control patients 

(n = 417)

Vaccination status
Unvaccinated 143 (18) 81 (21) 62 (15)
≥2 Monovalent-only 

mRNA doses
576 (72) 280 (73) 296 (71)

Bivalent booster dose§ 79 (10) 20 (5) 59 (14)
Female sex 442 (55) 210 (55) 232 (56)
Median age, yrs (IQR) 76 (70–83) 78 (71–85) 75 (69–81)
Age group, yrs
65–74 345 (43) 140 (37) 205 (49)
≥75 453 (57) 241 (63) 212 (51)
Race and ethnicity
Black or African American, 

non-Hispanic
118 (15) 52 (14) 66 (16)

Hispanic or Latino, any race 78 (10) 40 (11) 38 (9)
White, non-Hispanic 551 (69) 264 (69) 287 (69)
Other race, non-Hispanic¶ 18 (2) 8 (2) 10 (2)
Other** 33 (4) 17 (4) 16 (4)
HHS region†

1 155 (19) 91 (24) 64 (15)
2 50 (6) 29 (8) 21 (5)
3 9 (1) 4 (1) 5 (1)
4 94 (12) 40 (11) 54 (13)
5 125 (16) 66 (17) 59 (14)
6 99 (12) 42 (11) 57 (14)
7 68 (9) 27 (7) 41 (10)
8 145 (18) 58 (15) 87 (21)
9 29 (4) 14 (4) 15 (4)
10 24 (3) 10 (3) 14 (3)
No. of underlying medical conditions
0 38 (5) 15 (4) 23 (6)
1 172 (22) 91 (24) 81 (19)
2 243 (30) 115 (30) 128 (31)
≥3 345 (43) 160 (42) 185 (44)
Previous Omicron infection†† 66 (8) 24 (6) 42 (10)

TABLE 1. (Continued) Characteristics of immunocompetent adults 
aged ≥65 years, hospitalized with COVID-like illness,* by COVID-19 
case status — IVY Network, 22 hospitals,† 18 U.S. states, September 8, 
2022–November 30, 2022

Abbreviation: HHS = U.S. Department of Health and Human Services.
 * COVID-19–like illness was defined as including any one of the following: fever, 

cough, shortness of breath, new or worsening findings on chest imaging 
consistent with pneumonia, or hypoxemia defined as oxygen saturation (SpO2) 
<92% on room air or supplemental oxygen to maintain SpO2 ≥92%. For patients 
on chronic oxygen therapy, hypoxemia was defined as SpO2 below baseline 
or an escalation of supplemental oxygen to maintain a baseline SpO2.

 † Hospitals by HHS region included Region 1: Baystate Medical Center (Springfield, 
Massachusetts) and Beth Israel Deaconess Medical Center (Boston, Massachusetts); 
Region 2: Montefiore Medical Center (New York, New York); Region 3: Johns Hopkins 
Hospital (Baltimore, Maryland); Region 4: Emory University Medical Center (Atlanta, 
Georgia), University of Miami Medical Center (Miami, Florida), Vanderbilt University 
Medical Center (Nashville, Tennessee), and Wake Forest University Baptist Medical 
Center (Winston-Salem, North Carolina); Region 5: Cleveland Clinic (Cleveland, 
Ohio), Hennepin County Medical Center (Minneapolis, Minnesota), The Ohio State 
University Wexner Medical Center (Columbus, Ohio), and University of Michigan 
Hospital (Ann Arbor, Michigan); Region 6: Baylor Scott & White Health – Baylor Scott 
& White Medical Center (Temple, Texas) and Baylor Scott & White Health – Baylor 
University Medical Center (Dallas, Texas); Region 7: Barnes-Jewish Hospital (St. Louis, 
Missouri) and University of Iowa Hospitals (Iowa City, Iowa); Region 8: Intermountain 
Medical Center (Murray, Utah) and UCHealth University of Colorado Hospital 
(Aurora, Colorado); Region 9: Stanford University Medical Center (Stanford, 
California) and UCLA Medical Center (Los Angeles, California); and Region 10: Oregon 
Health & Science University Hospital (Portland, Oregon) and University of 
Washington (Seattle, Washington).

 § Bivalent COVID-19 mRNA booster dose recipients received ≥2 monovalent 
COVID-19 mRNA doses ≥2 months before their bivalent booster dose.

 ¶ Other race, non-Hispanic includes Asian, Native American or Alaska Native, 
and Native Hawaiian or other Pacific Islander; these groups were combined 
because of small counts.

 ** Self-reported race and ethnicity as other, or patients for whom information 
on race and ethnicity was unavailable.

 †† Previous Omicron infection was defined by date of self-reported or 
documented previous SARS-CoV-2 infection that occurred during 
December 26, 2021–November 30, 2022.

Discussion

Among immunocompetent adults aged ≥65 years hospitalized 
within the IVY Network in 18 states, a bivalent booster dose 
received after ≥2 monovalent mRNA doses provided strong 
protection against COVID-19–associated hospitalization dur-
ing a period of Omicron BA.5 or BQ.1/BQ.1.1 predominance 
(7). Substantial additional protection from a bivalent booster 
dose was observed when compared with remote monovalent-
only mRNA vaccination, which suggests important incremental 
benefit for persons eligible to receive a bivalent vaccine booster. 
These early findings from a cohort of adults aged ≥65 years, 74% 
of whom had multiple underlying conditions, are among the 
first to document real-world evidence that receipt of a bivalent 
booster dose after completion of at least a primary COVID-19 
mRNA vaccination series is protective against COVID-19 

hospitalization. Continued monitoring will be important to 
understand ongoing protection in the context of expanding 
Omicron sublineages and new emerging variants, as well as 
whether waning of bivalent vaccine-induced immunity over time 
is observed, similar to that seen after monovalent COVID-19 
mRNA vaccine booster doses.

Recent findings from the United Kingdom and the United 
States have also demonstrated protection of a bivalent mRNA 
booster dose against COVID-19 hospitalization (8,9). The 
bivalent mRNA booster vaccine used in the United Kingdom 
contains spike protein mRNA from ancestral SARS-CoV-2 
plus Omicron BA.1, in contrast to the bivalent booster vac-
cines used in the United States, which contain mRNA from 
ancestral SARS-CoV-2 and Omicron BA.4/BA.5. In the 
United Kingdom, among adults aged ≥50 years or those in 
clinical risk groups, a BA.1 bivalent booster dose was found 
to have a relative VE of 57% (95% CI = 48%–65%) com-
pared with ≥2 COVID-19 vaccine doses received ≥6 months 
earlier (8). Similarly, a report among adults aged ≥18 years 
from the VISION Network in the United States using 
BA.4/BA.5 bivalent booster doses showed a relative VE of 
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TABLE 2. Effectiveness of a bivalent COVID-19 mRNA booster dose against COVID-19–associated hospitalization among immunocompetent 
adults aged ≥65 years — IVY Network, 22 hospitals,* 18 states, September 8, 2022–November 30, 2022

Characteristic

Received BV vaccine dose, by case 
status, n/N (%)

Median interval† 
from last vaccine 

dose to illness 
onset (IQR), days

Adjusted VE, % 
(95% CI)§Case-patients Control patients

Absolute VE (BV booster dose versus no vaccine)
Unvaccinated (Ref ) — — NA —
BV booster dose¶ ≥7 days before illness onset 20/101 (20) 59/121 (49) 29 (15–45) 84 (64–93)
Relative VE (BV booster dose versus MV-only, by interval since last dose)
≥2 MV-only mRNA doses, last dose ≥2 mos before illness onset (Ref ) — — 305 (168–377) —
BV booster dose ≥7 days before illness onset 20/300 (7) 59/355 (17) 29 (15–45) 73 (52–85)

≥2 MV-only mRNA doses, last dose 2–5 mos before illness onset (Ref ) — — 137 (111–155) —
BV booster dose ≥7 days before illness onset 20/82 (24) 59/155 (38) 29 (15–45) —**
≥2 MV-only mRNA doses, last dose 6–11 mos before illness onset (Ref ) — — 304 (258–333) —
BV booster dose ≥7 days before illness onset 20/155 (13) 59/176 (34) 29 (15–45) 78 (57–89)
≥2 MV-only mRNA doses, last dose ≥12 mos before illness onset (Ref ) — — 528 (386–575) —
BV booster dose ≥7 days before illness onset 20/103 (19) 59/142 (42) 29 (15–45) 83 (63–92)

Abbreviations: BV = bivalent; MV = monovalent; NA = not applicable; Ref = referent group; VE = vaccine effectiveness.
 * The IVY Network includes the following hospitals: Baystate Medical Center (Springfield, Massachusetts), Beth Israel Deaconess Medical Center (Boston, Massachusetts), 

Montefiore Medical Center (New York, New York), Vanderbilt University Medical Center (Nashville, Tennessee), University of Miami Medical Center (Miami, Florida), 
Emory University Medical Center (Atlanta, Georgia), Johns Hopkins Hospital (Baltimore, Maryland), Wake Forest University Baptist Medical Center (Winston-Salem, 
North Carolina), Baylor Scott & White Health – Baylor Scott & White Medical Center (Temple, Texas), University of Iowa Hospitals (Iowa City, Iowa), University of 
Michigan Hospital (Ann Arbor, Michigan), Hennepin County Medical Center (Minneapolis, Minnesota), Barnes-Jewish Hospital (St. Louis, Missouri), Cleveland Clinic 
(Cleveland, Ohio), The Ohio State University Wexner Medical Center (Columbus, Ohio), Stanford University Medical Center (Stanford, California), UCLA Medical 
Center (Los Angeles, California), UCHealth University of Colorado Hospital (Aurora, Colorado), Oregon Health & Sciences University Hospital (Portland, Oregon), 
Intermountain Medical Center (Murray, Utah), University of Washington (Seattle, Washington), and Baylor Scott & White Health – Baylor University Medical Center 
(Dallas, Texas).

 † For patients who received a BV booster dose, median time since last dose refers to the number of days between receipt of the BV booster dose and illness onset. 
For patients who received ≥2 MV doses without a BV booster dose, median time since last dose refers to the number of days between receipt of the last MV dose 
and illness onset.

 § VE was estimated by comparing the odds of being BV-vaccinated among case-patients to the odds of being BV-vaccinated among control patients, calculated as 
VE = 100 × (1 – odds ratio). Logistic regression models were adjusted for date of hospital admission (biweekly intervals), U.S. Department of Health and Human 
Services (10 regions), continuous age, sex, and race and ethnicity (non-Hispanic Black or African American, Hispanic of any race, non-Hispanic White, non-Hispanic 
other race, or other or unknown).

 ¶ BV COVID-19 mRNA booster dose recipients received ≥2 MV COVID-19 mRNA doses ≥2 months before their BV booster dose.
 ** VE estimate was not reported because of insufficient sample size. 95% CI width >50 percentage points.

42% (95% CI = 19%–58%) against COVID-19–associated 
hospitalization compared with ≥2 monovalent COVID-19 
vaccine doses received 8–10 months earlier (9). Overall, 
these results were similar to the relative VE findings in the 
current study, suggesting that bivalent booster doses provide 
important benefits.

The findings in this report are subject to at least five limi-
tations. First, the sample size was not sufficient to estimate 
VE by the number of COVID-19 monovalent vaccine doses 
received before the bivalent booster dose or compared with 
patients whose most recent monovalent vaccine dose was 
received 2–5 months before illness onset. Second, because use 
of monovalent COVID-19 mRNA vaccines as a booster dose 
is no longer authorized in the United States,††† this analysis 
could not compare the effectiveness of a bivalent booster dose 
with a monovalent booster dose administered during the same 
period. Third, the analysis period includes both BA.5- and 
BQ.1/BQ.1.1–predominant periods; therefore, variant-specific 

 ††† https://www.fda.gov/news-events/press-announcements/coronavirus-covid-
19-update-fda-authorizes-moderna-pfizer-biontech-bivalent-covid-19-
vaccines-use (Accessed December 9, 2022).

VE could not be evaluated. Fourth, previous SARS-CoV-2 
infection during the Omicron period was rarely reported or 
documented among patients in this analysis, which prevented 
evaluation of the impact of previous infection on VE. Finally, 
selection bias and residual confounding bias cannot be excluded, 
including from risk behaviors or preventive treatments.

These early findings from a multistate network show that 
among adults aged ≥65 years, many of whom have multiple 
comorbid conditions and who are at highest risk of severe 
COVID-19, recent bivalent booster vaccination offers sub-
stantial added protection against COVID-19 hospitalization. 
Although prevention of COVID-19 hospitalizations is a 
core goal of the U.S. vaccination program, bivalent booster 
dose coverage in the United States remains low among adults 
aged ≥18 years (16%) and adults aged ≥65 years (36%) (10). 
Increasing bivalent booster coverage among eligible U.S. adults 
has the potential to prevent COVID-19 hospitalizations as 
COVID-19 incidence and transmission increase. All eligible 
persons, especially adults aged ≥65 years, should receive a biva-
lent booster dose to maximize protection against COVID-19 
hospitalization this winter season. Additional strategies to 

https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-moderna-pfizer-biontech-bivalent-covid-19-vaccines-use
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-moderna-pfizer-biontech-bivalent-covid-19-vaccines-use
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-moderna-pfizer-biontech-bivalent-covid-19-vaccines-use
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Summary
What is already known about this topic?

Immunity from monovalent COVID-19 mRNA vaccination wanes 
over time. A bivalent COVID-19 mRNA booster dose is recom-
mended for all eligible persons; however, little is known about 
its effectiveness against COVID-19 hospitalization.

What is added by this report?

Among immunocompetent adults aged ≥65 years hospitalized 
in the multistate IVY Network, a bivalent booster dose provided 
73% additional protection against COVID-19 hospitalization 
compared with past monovalent mRNA vaccination only.

What are the implications for public health practice?

To maximize protection against severe COVID-19 this winter 
season, all eligible persons, especially adults aged ≥65 years, 
should receive a bivalent booster dose and consider additional 
prevention strategies, including masking in indoor public spaces.

prevent respiratory illness, such as masking in indoor public 
spaces, should also be considered, especially in areas where 
COVID-19 community levels are high (4,5).

Acknowledgments

Katherine E. Fleming-Dutra, Ruth Link-Gelles, Tamara Pilishvili, 
Ryan E. Wiegand, CDC.

Corresponding author: Diya Surie, media@cdc.gov.

 1National Center for Immunization and Respiratory Diseases, CDC; 2Vanderbilt 
University Medical Center, Nashville, Tennessee; 3Baylor Scott & White Health 
– Baylor Scott & White Medical Center, Temple, Texas; 4Texas A&M University 
College of Medicine, Temple, Texas; 5University of Colorado School of Medicine, 
Aurora, Colorado; 6University of Iowa, Iowa City, Iowa; 7Wake Forest University 
Baptist Medical Center, Winston-Salem, North Carolina; 8Johns Hopkins 
Hospital, Baltimore, Maryland; 9Hennepin County Medical Center, Minneapolis, 
Minnesota; 10Montefiore Healthcare Center, Albert Einstein College of Medicine, 
New York, New York; 11University of Washington School of Medicine, Seattle, 
Washington; 12Baystate Medical Center, Springfield, Massachusetts; 
13Intermountain Medical Center and University of Utah, Salt Lake City, Utah; 
14University of Michigan School of Public Health, Ann Arbor, Michigan; 
15Oregon Health & Science University Hospital, Portland, Oregon; 16Emory 
University School of Medicine, Atlanta, Georgia; 17Cleveland Clinic, Cleveland, 
Ohio; 18Stanford University School of Medicine, Stanford, California; 19Ronald 
Reagan-UCLA Medical Center, Los Angeles, California; 20University of Miami, 
Miami, Florida; 21Washington University, St. Louis, Missouri; 22The Ohio State 
University Wexner Medical Center, Columbus, Ohio; 23University of Michigan 
School of Medicine, Ann Arbor, Michigan; 24Beth Israel Deaconess Medical 
Center, Boston, Massachusetts; 25Baylor Scott & White Health – Baylor 
University Medical Center, Dallas, Texas.

All authors have completed and submitted the International 
Committee of Medical Journal Editors form for disclosure of 
potential conflicts of interest. Samuel M. Brown reports serving as 
the data and safety monitoring board (DSMB) chair for Hamilton 
Ventilators outside the submitted work. Jonathan D. Casey reports 
grants from the National Institutes of Health (NIH) and Department 
of Defense (DoD), outside the submitted work. Steven Y. Chang 
consulted for PureTech Health in 2020 and Kiniksa Pharmaceuticals 
and is a DSMB member for an investigator-initiated study at UCLA. 

James D. Chappell reports grants from NIH and DoD during the 
conduct of the study. Cristie Columbus reports support from Baylor 
University Medical Center for meeting attendance, an advisory role to 
the Dallas County Public Health Committee, and other interests as 
the Chief of the Division of Infectious Diseases at Baylor University 
Medical Center and the Medical Director for Infection Prevention 
and Control/Healthcare epidemiology, outside the submitted work. 
David J. Douin reports grants received from NIH and the National 
Institute of General Medical Sciences, outside the submitted work. 
Abhijit Duggal reports grants from NIH and the National Heart, 
Lung, and Blood Institute (NHLBI), and participation on a Steering 
Committee for ALung technologies, outside the submitted work. 
Matthew C. Exline reports grants from NIH and Regeneron, as well 
as support from Abbott Labs and Medical Legal Expert Witness for 
sponsored talks, outside the submitted work. D. Clark Files reports 
personal consultant fees from Global Blood Therapeutics and is 
a DSMB member from Medpace, outside the submitted work. 
Manjusha Gaglani reports grants from CDC-Abt Associates, CDC-
Westat, and Janssen, and participates as co-chair on the Infection 
Diseases and Immunizations Committee for the Texas Pediatric 
Society, outside the submitted work. Kevin W. Gibbs reports grants 
from NIH and DoD, and DoD funds for the Military Health System 
Research Symposium travel in 2022, outside the submitted work. 
Adit A. Ginde reports grants from NIH, DoD, AbbVie, and Faron 
Pharmaceuticals, outside the submitted work. Michelle N. Gong 
reports grants from NHLBI and the Agency for Healthcare Research 
and Quality (AHRQ), speaking at medicine grand rounds at New 
York Medical College, travel support for the American Thoracic 
Society (ATS) executive meeting and serving as ATS Chair Critical 
Care Assembly, DSMB membership fees from Regeneron, and 
participating on the scientific advisory panel for Endpoint, outside 
the submitted work. Carlos G. Grijalva reports consultancy fees from 
Merck; grants from Campbell Alliance/Syneos Health, NIH, the 
Food and Drug Administration, and AHRQ outside the submitted 
work. David N. Hager reports grants from NHLBI outside the 
submitted work. Natasha Halasa reports grants and nonfinancial 
support from Sanofi, and grants from Quidel outside the submitted 
work. Nicholas J. Johnson reports grants from NIH, DoD, University 
of Washington, and Medic One Foundation, outside the submitted 
work. Akram Khan reports grants from United Therapeutics, Johnson 
& Johnson, Ely Lilly, 4D Medical, Dompe Pharmaceuticals and 
GlaxoSmithKline, and serves on the Guidelines committee for Chest, 
outside the submitted work. Jennie H. Kwon reports grants from 
NIH outside the submitted work. Adam S. Lauring reports personal 
fees from Sanofi and Roche and grants from the National Institute 
for Allergy and Infectious Diseases, Burroughs Wellcome Fund, Flu 
Lab, outside the submitted work. Emily T. Martin reports grants from 
Merck, Flu Lab, and NIH, outside the submitted work. Tresa McNeal 
reports grants from participating as a webinar invited panelist and a 
Practice Management Committee member for Society of Hospital 
Medicine, outside the submitted work. Ithan D. Peltan reports grants 
from NIH, Janssen Pharmaceuticals, and institutional support from 
Asahi Kasei Pharma and Regeneron, outside the submitted work. 
Todd W. Rice reports grants from NIH and DoD, personal fees from 

mailto:media@cdc.gov


Morbidity and Mortality Weekly Report 

1630 MMWR / December 30, 2022 / Vol. 71 / No. 51-52 US Department of Health and Human Services/Centers for Disease Control and Prevention

Cumberland Pharmaceuticals, Inc., Cytovale, Inc., and Sanofi, Inc., 
outside the submitted work. William B. Stubblefield reports grants 
from NIH outside the submitted work. Jennifer G. Wilson reports 
personal funds from the American College of Emergency Physicians 
and American Board of Internal Medicine outside the submitted 
work. No other potential conflicts of interest were disclosed.

References
1. Steele MK, Couture A, Reed C, et al. Estimated number of COVID-19 

infections, hospitalizations, and deaths prevented among vaccinated 
persons in the US, December 2020 to September 2021. JAMA Netw 
Open 2022;5:e2220385. PMID:35793085 https://doi.org/10.1001/
jamanetworkopen.2022.20385

2. Watson OJ, Barnsley G, Toor J, Hogan AB, Winskill P, Ghani AC. Global 
impact of the first year of COVID-19 vaccination: a mathematical 
modelling study. Lancet Infect Dis 2022;22:1293–302. PMID:35753318 
https://doi.org/10.1016/S1473-3099(22)00320-6

3. Surie D, Bonnell L, Adams K, et al.; IVY Network. Effectiveness of 
monovalent mRNA vaccines against COVID-19–associated hospitalization 
among immunocompetent adults during BA.1/BA.2 and BA.4/BA.5 
predominant periods of SARS-CoV-2 Omicron variant in the United 
States—IVY Network, 18 states, December 26, 2021–August 31, 2022. 
MMWR Morb Mortal Wkly Rep 2022;71:1327–34. PMID:36264830 
https://doi.org/10.15585/mmwr.mm7142a3

4. Rosenblum HG, Wallace M, Godfrey M, et al. Interim recommendations 
from the Advisory Committee on Immunization Practices for the use of 
bivalent booster doses of COVID-19 vaccines—United States, October 
2022. MMWR Morb Mortal Wkly Rep 2022;71:1436–41. 
PMID:36355612 https://doi.org/10.15585/mmwr.mm7145a2

 5. CDC. COVID-19. How to protect yourself and others. Atlanta, GA: 
US Department of Health and Human Services, CDC; 2022. Accessed 
December 15, 2022. https://www.cdc.gov/coronavirus/2019-ncov/
prevent-getting-sick/prevention.html

 6. Doll MK, Pettigrew SM, Ma J, Verma A. Effects of confounding bias 
in coronavirus disease 2019 (COVID-19) and influenza vaccine 
effectiveness test-negative designs due to correlated influenza and 
COVID-19 vaccination behaviors. Clin Infect Dis 2022;75:e564–71. 
PMID:35325923 https://doi.org/10.1093/cid/ciac234

 7. CDC. COVID data tracker: variant proportions. Atlanta, GA: US Department 
of Health and Human Services, CDC; 2022. Accessed December 14, 2022. 
https://covid.cdc.gov/covid-data-tracker/#variant-proportions

 8. UK Health Security Agency. COVID-19 vaccine surveillance report: 
week 48. London, United Kingdom: UK Health Security Agency; 2022. 
https://assets.publishing.service.gov.uk/government/uploads/system/
uploads/attachment_data/file/1121345/vaccine-surveillance-report-
week-48-2022.pdf. Accessed December 10, 2022.

 9. Tenforde MW, Weber ZA, Natarajan K, et al. Effectiveness of bivalent 
mRNA vaccines in preventing COVID-19–associated emergency 
department or urgent care encounters and hospitalizations among 
immunocompetent adults—VISION Network, nine states, September–
November 2022. MMWR Morb Mortal Wkly Rep 2022;71. Epub 
December 16, 2022. https://www.cdc.gov/mmwr/volumes/71/wr/
mm715152e1.htm?s_cid=mm715152e1_w

 10. CDC. COVID data tracker: COVID-19 vaccinations in the United 
States. Atlanta, GA: US Department of Health and Human Services, 
CDC; 2022. Accessed December 10, 2022. https://covid.cdc.gov/
covid-data-tracker/#vaccinations_vacc-people-booster-percent-pop5

https://pubmed.ncbi.nlm.nih.gov/35793085
https://doi.org/10.1001/jamanetworkopen.2022.20385
https://doi.org/10.1001/jamanetworkopen.2022.20385
https://pubmed.ncbi.nlm.nih.gov/35753318
https://doi.org/10.1016/S1473-3099(22)00320-6
https://pubmed.ncbi.nlm.nih.gov/36264830
https://doi.org/10.15585/mmwr.mm7142a3
https://pubmed.ncbi.nlm.nih.gov/36355612
https://pubmed.ncbi.nlm.nih.gov/36355612
https://doi.org/10.15585/mmwr.mm7145a2
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html
https://pubmed.ncbi.nlm.nih.gov/35325923
https://pubmed.ncbi.nlm.nih.gov/35325923
https://doi.org/10.1093/cid/ciac234
https://covid.cdc.gov/covid-data-tracker/#variant-proportions
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1121345/vaccine-surveillance-report-week-48-2022.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1121345/vaccine-surveillance-report-week-48-2022.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1121345/vaccine-surveillance-report-week-48-2022.pdf
https://www.cdc.gov/mmwr/volumes/71/wr/mm715152e1.htm?s_cid=mm715152e1_w
https://www.cdc.gov/mmwr/volumes/71/wr/mm715152e1.htm?s_cid=mm715152e1_w
https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-people-booster-percent-pop5
https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-people-booster-percent-pop5


Morbidity and Mortality Weekly Report

MMWR / December 30, 2022 / Vol. 71 / No. 51-52 1631US Department of Health and Human Services/Centers for Disease Control and Prevention

Notes from the Field

Clinical and Epidemiologic Characteristics of Mpox 
Cases from the Initial Phase of the Outbreak — 
New York City, May 19–July 15, 2022
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Monkeypox virus (MPXV), an Orthopoxvirus that can cause 
monkeypox (mpox) disease in humans, was rarely seen out-
side Africa before 2022. Since May 2022, mpox has been 
reported in multiple countries and regions without endemic 
transmission, including the United States (1). New York City 
(NYC) quickly became one of the major foci of the 2022 
outbreak after the first case in a NYC resident was diagnosed 
on May 19.* Epidemiologic profiles and clinical characteristics 
of mpox cases in the United States during this outbreak have 
been described (2,3), but previous summaries were limited by 
incomplete data or inclusion of only a subset of cases (2,3). 
Most case investigation data from mpox cases reported to the 
NYC Department of Health and Mental Hygiene (DOHMH) 
surveillance system have a high degree of completeness for 
gender, race or ethnicity, sexual orientation, and clinical signs 
and symptoms. To describe the characteristics of mpox in 
NYC, case investigation data for NYC residents with mpox 
diagnosed during May 19–July 15, 2022, were analyzed. Using 
a standardized form, DOHMH staff members attempted to 
interview all NYC residents with probable (a positive non-
variola Orthopoxvirus polymerase chain reaction [PCR] 
test result)† or confirmed (a positive MPXV–specific PCR 
test result) mpox reported to DOHMH through mandated 
laboratory reporting. For patients who declined an interview 
or were unreachable, information obtained from medical care 
providers during DOHMH consultation calls was used. This 
activity was reviewed by CDC and conducted consistent with 
applicable federal law and CDC policy.§

* https://www.nyc.gov/site/doh/data/health-tools/monkeypox.page
† Swabs from skin lesions were tested for Orthopoxvirus or non-variola 

Orthopoxvirus at DOHMH Public Health Laboratory, commercial, or academic 
laboratories. CDC tested swabs submitted from DOHMH for Orthopoxvirus 
or non-variola Orthopoxvirus in addition to an MPXV-specific test.

§ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. 
Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

Among 719 NYC patients with probable or confirmed 
mpox, 704 (97.9%) were men; 566 (78.7%) were gay, les-
bian, or queer; and 40 (5.6%) were bisexual (Table). Among 
651 patients with available data on intimate or sexual expo-
sure, 505 (77.6%) reported intimate or sexual contact with 
men, and among 611 patients with known contact data, 103 
(16.9%) reported contact with persons with suspected mpox 
during the 3 weeks preceding their symptom onset. Prodromal 
symptoms were reported by 234 (38.1%) of 614 patients 
with symptom data; 277 patients (45.1%) reported proctitis 
or rectal symptoms (e.g., constipation, tenesmus, rectal pain, 
rectal bleeding, or blood in stool), 192 (69.3%) of whom did 
not observe perianal skin lesions, and eight (3.0%) of whom 
did not have any skin lesions when rectal symptoms began. 
Among 584 patients reporting skin lesions, 216 (37.0%) and 
117 (20.0%) had genital and perianal involvement, respec-
tively. Ophthalmic manifestations¶ were reported by 38 (6.2%) 
patients. The median interval from symptom onset to diagnosis 
was 5 days (range = 3–7 days); 101 (14.0%) patients received 
tecovirimat, and 35 (4.9%) were hospitalized.

Data on gender, race or ethnicity, and sexual orientation 
from the DOHMH surveillance system were >80% complete 
for patients with mpox diagnosed during the study period; 
these data informed public health outreach and intervention 
efforts.** Whereas ophthalmic involvement has been rarely 
reported in the current global mpox outbreak, 38 (6.2%) of 
614 patients in this analysis reported ophthalmic manifesta-
tions, which can require urgent clinical management and result 
in longer-term sequelae (4). More than two thirds of patients 
with proctitis or rectal symptoms did not report perianal skin 
lesions. Moreover, a small number of these patients reported no 
skin lesions at onset of rectal symptoms. Although the current 
recommended method of swabbing skin lesions to diagnose 
mpox does not include collection of anorectal swabs, MPXV 
can be detected from anorectal swabs in patients with rectal 
symptoms†† (5). Additional studies evaluating anorectal swabs 
for use in mpox diagnosis might expand the range of poten-
tial specimens and enhance the possibility for early diagnosis 
among symptomatic persons at risk for mpox but without 
cutaneous lesions.

The findings in this report are subject to at least two limi-
tations. First, data were missing for approximately 15% of 

 ¶ Includes eye lesion, conjunctivitis, red eyes, or eye discharge.
 ** https://www.nyc.gov/site/doh/about/press/pr2022/health-department-

releases-monkeypox-vaccination-demographic-data.page
 †† https://www.cdc.gov/poxvirus/monkeypox/about/science-behind-

transmission.html

https://www.nyc.gov/site/doh/data/health-tools/monkeypox.page
https://www.nyc.gov/site/doh/about/press/pr2022/health-department-releases-monkeypox-vaccination-demographic-data.page
https://www.nyc.gov/site/doh/about/press/pr2022/health-department-releases-monkeypox-vaccination-demographic-data.page
https://www.cdc.gov/poxvirus/monkeypox/about/science-behind-transmission.html
https://www.cdc.gov/poxvirus/monkeypox/about/science-behind-transmission.html
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TABLE. Characteristics of patients with probable and confirmed mpox 
(N = 719) — New York City, May 19–July 15, 2022

Characteristic (no. with available information)* No. (%)

Age, yrs, median (IQR) 35 (31–41)
Gender†

Female 2 (0.3)
Male 704 (97.9)
Transgender, nonbinary, or genderqueer 12 (1.7)
Unknown 1 (0.1)
Sexual orientation
Bisexual 40 (5.6)
Gay, lesbian, or queer 566 (78.7)
Straight or heterosexual 18 (2.5)
Unknown 95 (13.2)
Race and ethnicity
Asian or Pacific Islander 37 (5.2)
Black or African American 148 (20.6)
Hispanic or Latino 212 (29.5)
White 247 (34.4)
Unknown 75 (10.4)
Possible exposure ≤3 weeks before symptom onset
Had intimate or sexual contact (n = 651)§ 521 (80.0)
No. of partners, median (IQR) 3 (1–5)
Contact with men 505 (77.6)

No. of partners, median (IQR) 3 (1–5)
Contact with women 17 (2.6)

No. of partners, median (IQR) 1 (1–2)
Contact with persons who identify as transgender, nonbinary, 

genderqueer, or other gender identity
7 (1.1)

No. of partners, median (IQR) 1.5 (1–5)
Contact with persons with unknown gender identities 6 (0.9)

No. of partners, median (IQR) 1 (1–3)
Self-reported contact with a person with suspected mpox 

(n = 611)¶,**
103 (16.9)

Intimate or sexual contact 66 (64.1)
Household contact 5 (4.8)
Other 13 (12.6)
Unknown 20 (19.4)
Symptomatic
Yes 614 (85.4)
Unknown 105 (14.6)
Presence of prodrome (n = 614)†† 234 (38.1)
Sign or symptom (n = 614)§§

Fever 360 (58.6)
Body or muscle ache, myalgia, or back pain 327 (53.3)
Fatigue 319 (51.9)
Chills 299 (48.7)
Lymphadenopathy 298 (48.5)
Itching or pruritus 291 (47.4)
Proctitis or rectal sign or symptom¶¶ 277 (45.1)

Proctitis 111 (40.0)
Constipation 100 (36.1)
Tenesmus 102 (36.8)
Rectal pain 211 (76.2)
Rectal bleeding 108 (39.0)
Blood in stool 97 (35.0)

Headache 253 (41.2)
Night sweats 253 (41.2)
Malaise 236 (38.4)
Sore throat 173 (28.2)
Runny nose or cough 118 (19.2)
Gastrointestinal*** 96 (15.6)
Ophthalmic manifestations††† 38 (6.2)

TABLE. (Continued) Characteristics of patients with probable and 
confirmed mpox (N = 719) — New York City, May 19–July 15, 2022

Characteristic (no. with available information)* No. (%)

Presence of skin lesion (n = 614)
Yes 584 (95.1)
Unknown 30 (4.9)
No. of skin lesions (n = 584)
1–9 227 (38.9)
10–49 192 (32.8)
50–99 20 (3.4)
≥100 4 (0.7)
Unknown 141 (24.1)
Location of skin lesion (n = 584)§§§

Upper or lower extremities 234 (40.1)
Genitals 216 (37.0)
Face, mouth, or lip 194 (33.2)
Torso (i.e., chest, abdomen, back, or trunk) 184 (31.5)
Perianal 117 (20.0)
Hand or foot 116 (19.9)
Buttocks 108 (18.5)
Scalp, head, or neck 108 (18.4)
Palms or soles 81 (13.9)
Eye 3 (0.5)
Other 85 (14.5)
Location where skin lesion began (n = 584)
Genitals 178 (30.5)
Upper or lower extremities 134 (22.9)
Face, mouth, or lip 98 (16.8)
Torso or back 76 (13.0)
Perianal 72 (12.3)
Palms or soles 42 (7.2)
Neck 28 (4.8)
Other 87 (14.9)
Unknown 143 (24.5)
HIV infection, self- or provider-reported 181 (25.2)
Interval from symptom onset to diagnosis, days, median (IQR) 5 (3–7)
Receipt of PEP with JYNNEOS vaccine 0–14 days after 

last exposure
10 (1.4)

Initiated treatment with tecovirimat 101 (14.0)
Hospitalized  35 (4.9)

Abbreviations: mpox = monkeypox; PEP = postexposure prophylaxis.
 * Unknown category included patients with missing data or patients who 

responded “do not know” or “declined to answer” to the survey question.
 † Transgender women or men are included with transgender, nonbinary, or 

genderqueer. Groups are mutually exclusive.
 § Patients could report intimate or sexual contact with more than one gender.
 ¶ Suspected mpox case defined as a person with a diagnosis of mpox or with 

compatible signs or symptoms. Patient could report more than one type 
of contact.

 ** Percentage of persons who reported contact with a person with suspected mpox.
 †† Presence of nondermatologic signs or symptoms before onset of skin lesion.
 §§ Patients could have more than one sign or symptom. 
 ¶¶ Percentage of patients with proctitis or rectal signs or symptoms.
 *** Includes nausea, vomiting, abdominal pain, or discomfort.
 ††† Includes eye lesion, conjunctivitis, red eyes, or eye discharge.
 §§§ Patient could have skin lesions in more than one location.
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patients, more than one half of whom were unreachable for 
interview; these persons might differ systematically from those 
who were interviewed. Second, mpox testing and treatment 
resources were limited during the study period, and the epi-
demiology has since evolved; thus, these findings might not 
be generalizable throughout the outbreak.

These findings can guide development of public health mes-
saging to communities with increased likelihood of exposure 
to mpox; in addition to avoiding close personal contact with 
someone with mpox and recommendations for eligible persons 
to receive mpox vaccine, the clinical manifestations described 
in this report can guide providers managing patients with 
mpox. Further studies are needed to assess the potential utility 
of anorectal swabs in early diagnosis of mpox.
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QuickStats

FROM THE NATIONAL CENTER FOR HEALTH STATISTICS

Percentage of Emergency Department Visits for Pain* at Which Opioids†  
Were Given or Prescribed, by Patient Age and Year —  

National Hospital Ambulatory Medical Care Survey, United States, 2010–2020
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Abbreviation: ED = emergency department.
* Based on a sample of visits to EDs in noninstitutional general and short-stay hospitals, exclusive of federal, 

military, and Veterans Administration hospitals, located in the 50 states and the District of Columbia. 
Pain-related visits were defined using up to three reasons for visit coded according to the National Center for 
Health Statistics Reason for Visit Classification (https://www.cdc.gov/nchs/data/series/sr_02/sr02_078.pdf) 
and grouped using an algorithm (https://jamanetwork.com/journals/jama/fullarticle/1149438).

† Visits with at least one opioid given in the ED or prescribed at discharge. Opioids were defined using the 
Cerner Multum (https://www.cerner.com/solutions/drug-database) third-level therapeutic category codes 
for narcotic analgesics (code 60) and narcotic-analgesic combinations (code 191). Visits with only 
buprenorphine or buprenorphine-naloxone given or prescribed were not included.

During 2010–2020, the percentages of ED visits for pain in which an opioid was given or prescribed decreased for all age groups. 
During this period, visits were lowest for persons aged <18 years, decreasing from 14.1% in 2010 to 6.1% in 2020. Among the 
adult age groups, adults aged 18–44 years experienced the greatest decrease during the period, declining from 49.1% to 21.3%.  
At the beginning of the period, percentages were lower for adults aged ≥65 years compared with those aged 18–44 years, but 
in 2016 that pattern reversed.

Source: National Center for Health Statistics. National Hospital Ambulatory Medical Care Survey, 2010–2020. https://www.cdc.gov/nchs/ahcd/index.htm

Reported by: Susan M. Schappert, MA, sschappert@cdc.gov, 301-458-4480; Loredana Santo, MD.

For more information on this topic, CDC recommends the following link: https://www.cdc.gov/drugoverdose/index.html

https://www.cdc.gov/nchs/data/series/sr_02/sr02_078.pdf
https://jamanetwork.com/journals/jama/fullarticle/1149438
https://www.cerner.com/solutions/drug-database
https://www.cdc.gov/nchs/ahcd/index.htm
https://www.cdc.gov/drugoverdose/index.html
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