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Abstract

Background: Assessing variant-specific COVID-19 vaccine effectiveness (VE) and severity can 

inform public health risk assessments and decisions about vaccine composition. BA.2.86 and its 

descendants, including JN.1 (referred to collectively as “JN lineages”), emerged in late 2023 and 

exhibited substantial divergence from co-circulating XBB lineages.

Methods: We analyzed patients hospitalized with COVID-19–like illness at 26 hospitals in 20 

U.S. states admitted October 18, 2023–March 9, 2024. Using a test-negative, case-control design, 

we estimated effectiveness of an updated 2023-2024 (Monovalent XBB.1.5) COVID-19 vaccine 

dose against sequence-confirmed XBB and JN lineage hospitalization using logistic regression. 

Odds of severe outcomes, including intensive care unit (ICU) admission and invasive mechanical 

ventilation (IMV) or death, were compared for JN versus XBB lineage hospitalizations using 

logistic regression.

Results: 585 case-patients with XBB lineages, 397 case-patients with JN lineages, and 4,580 

control-patients were included. VE in the first 7–89 days after receipt of an updated dose was 

54.2% (95% CI = 36.1%–67.1%) against XBB lineage hospitalization and 32.7% (95% CI = 

1.9%–53.8%) against JN lineage hospitalization. Odds of ICU admission (adjusted odds ratio 

[aOR] 0.80; 95% CI = 0.46–1.38) and IMV or death (aOR 0.69; 95% CI = 0.34–1.40) were not 

significantly different among JN compared to XBB lineage hospitalizations.

Conclusions: Updated 2023–2024 COVID-19 vaccination provided protection against both 

XBB and JN lineage hospitalization, but protection against the latter may be attenuated by 

immune escape. Clinical severity of JN lineage hospitalizations was not higher relative to XBB.
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Analysis of data from a U.S. inpatient surveillance network showed that updated 2023–2024 

COVID-19 vaccination provided protection against hospitalization for SARS-CoV-2 XBB and JN 

lineages. Clinical severity of JN lineage hospitalizations was not increased relative to XBB lineage 

hospitalizations.
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Introduction

Estimating COVID-19 vaccine effectiveness (VE) against emerging SARS-CoV-2 variants 

and describing their clinical severity are important for guiding public health risk assessments 

and decisions about COVID-19 vaccine composition [1,2]. Updated 2023–2024 COVID-19 

vaccines are based on the SARS-CoV-2 Omicron variant XBB.1.5, the predominant lineage 

circulating in the U.S. during the first half of 2023 [3]. By late 2023, several new variants 

had emerged, including descendants of XBB lineages and the BA.2.86 variant [4,5].

Initially detected in Denmark and Israel [5], BA.2.86 contains >30 spike substitutions 

compared to XBB.1.5, many of which may confer increased immune escape and 

transmissibility [6–12]. Acquisition of the L455S mutation in BA.2.86’s descendant JN.1 

was associated with global transmission, and JN.1 became predominant in U.S. national 

genomic surveillance by January 6, 2024 [5]. Descendants of JN.1 have acquired additional 

spike mutations, including R346T, F456L, and/or T572I, and have increased in prevalence 

throughout 2024 [13]. The degree of genomic divergence between BA.2.86 and descendants 

(hereafter referred to as “JN lineages”) and previously co-circulating XBB lineages, 

combined with their rapid global spread, raised concern for potential reductions in the 

effectiveness of 2023–2024 COVID-19 vaccines and changes in COVID-19 disease severity.

Early evidence indicated that BA.2.86 and JN.1 infections may be associated with a modest 

degree of immune escape from 2023–2024 COVID-19 vaccines [14–20], but were not 

associated with more severe clinical outcomes compared to previously co-circulating XBB 

lineages [17,18,21]. Additional estimates of lineage-specific VE and severity are needed 

given limited evaluations that use whole-genome sequencing in their assessments.

Here, we estimate the effectiveness of an updated 2023–2024 (Monovalent XBB.1.5) 

COVID-19 vaccine dose (hereafter referred to as an “updated dose”) against XBB and 

JN lineage hospitalization. We also evaluate relative clinical severity of JN lineage 

hospitalization compared to XBB lineage hospitalization across a range of in-hospital 

outcomes.
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Methods

Design and data collection

This analysis was conducted by the Investigating Respiratory Viruses in the Acutely Ill 

(IVY) network, a multisite inpatient network comprising 26 hospitals in 20 U.S. states. 

The IVY network employs a test-negative, case-control design to assess VE; methods have 

been described previously [22–25]. Briefly, site personnel prospectively enrolled patients 

aged ≥18 years admitted to IVY network hospitals who met a COVID-19-like illness case 

definition and received SARS-CoV-2 clinical testing. COVID-19-like illness was defined as 

≥1 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% or supplemental oxygen use for patients without chronic oxygen needs, or escalation 

of oxygen therapy for patients on chronic supplemental oxygen).

Enrolled patients were tested for SARS-CoV-2 clinically at the local hospital and 

additionally had nasal swab specimens tested at a central laboratory at Vanderbilt University 

Medical Center for SARS-CoV-2, influenza, and respiratory syncytial virus (RSV) using 

RT-PCR (Supplementary Methods). In this analysis, case-patients were defined by a positive 

test for SARS-CoV-2 in local or central laboratories for a specimen collected within 10 

days of symptom onset and 3 days of hospital admission. Control-patients were defined by 

a negative test for SARS-CoV-2. Case-patients who tested positive for influenza or RSV 

were excluded, while control-patients who tested positive for influenza were excluded due to 

correlation between COVID-19 and influenza vaccination behaviors [26]. Demographic and 

clinical data were collected through electronic medical record (EMR) review and patient or 

proxy interview.

This analysis included adults admitted to IVY network hospitals from October 18, 2023–

March 9, 2024. The analysis period spans the first date on which a patient enrolled in the 

network was admitted with sequence-confirmed JN lineage infection to the last week during 

which a patient was admitted with sequence-confirmed XBB lineage infection.

These activities were determined to be public health surveillance with waiver of informed 

consent by institutional review boards at CDC and each enrolling site and were conducted 

in accordance with applicable federal law and CDC policy (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).

Classification of vaccination status

Verification of COVID-19 vaccination status was performed using hospital EMR, state 

immunization information systems (IIS), or patient or proxy interviews using a hierarchical 

approach. Evidence of vaccination from either EMR or IIS were preferentially used even 

if interview data were available. If EMR/IIS data were unavailable, plausible interview 

data with known or estimated dates of COVID-19 vaccine receipt were used. Patients 

were classified into two vaccination groups: 1) those who received an updated 2023–2024 

COVID-19 vaccine dose ≥7 days before illness onset, and 2) those who did not receive 

an updated dose, comprising both patients who had received previous original monovalent 

and/or bivalent COVID-19 vaccine doses and patients who had never received a COVID-19 
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vaccine dose. We excluded patients if they received an updated COVID-19 dose <7 days 

before illness onset, received a non-updated dose <60 days before their updated dose, 

received a non-updated dose after September 10, 2023, received an updated dose before 

September 13, 2023, or received >1 updated dose.

Severe in-hospital outcomes

Clinical severity of patients with JN and XBB lineage infection was characterized using 

severe in-hospital outcomes from hospital presentation to the first of hospital discharge, 

patient death, or hospital day 28 (Supplementary Methods) [23,24]. These outcomes 

included 1) supplemental oxygen therapy (defined as supplemental oxygen at any flow rate 

and by any device for those not on chronic oxygen therapy, or with escalation of oxygen 

therapy for patients receiving chronic oxygen therapy); 2) advanced respiratory support 

(defined as new receipt of high-flow nasal cannula, non-invasive ventilation, or invasive 

mechanical ventilation [IMV]); 3) intensive care unit (ICU) admission; or 4) a composite of 

IMV or death.

Laboratory methods

SARS-CoV-2–positive specimens were sent to the University of Michigan (Ann Arbor, 

Michigan) for whole-genome sequencing to identify lineage. Sequencing was performed 

using the Oxford Nanopore Technologies Midnight protocol on a GridION instrument. 

Lineages were called using PANGO (phylogenetic assignment of named global outbreak 

lineages) nomenclature (version 4.3.1). Sequences were considered adequate for lineage 

identification if they had a Nextclade (version 3.4.1) completeness score >80 and Nextclade 

quality control status of “good” or “mediocre”. Patients with sequences passing these criteria 

were categorized as either having JN lineage infection/hospitalization (BA.2.86 and its 

descendants) or XBB lineage infection/hospitalization (all other co-circulating lineages).

Statistical methods: Descriptive comparisons between COVID-19 case-patients with 

XBB or JN lineage infections and test-negative control-patients were made using Pearson’s 

chi-square test for categorical variables and the Kruskal–Wallis test for continuous variables.

Vaccine effectiveness

VE against COVID-19 hospitalization was estimated using multivariable logistic regression 

by comparing the odds of receipt of an updated COVID-19 dose versus no updated dose 

between case-patients and control-patients. Odds ratios were adjusted for age (18–49, 50–

64, ≥65 years), sex (male, female), race/ethnicity (Hispanic or Latino, non-Hispanic Black, 

non-Hispanic White, non-Hispanic other race, other/unknown), U.S. Health and Human 

Services (HHS) region, admission date in biweekly intervals, and Charlson comorbidity 

index (0, 1–2, 3–4, 5–6, ≥7) [27]. VE against COVID-19–associated hospitalization was 

calculated as (1 – adjusted odds ratio) × 100%. VE estimates were calculated separately 

for case-patients with sequence-confirmed SARS-CoV-2 XBB and JN lineage infections. 

We conducted sensitivity analyses to evaluate robustness to adjustments for temporal 

confounding (adjusting for continuous or categorical time, matching on time, and restricting 

the analysis period) (Supplementary Results).

Ma et al. Page 4

Clin Infect Dis. Author manuscript; available in PMC 2026 May 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Clinical severity

Multivariable logistic regression was used to estimate the adjusted odds ratio of each severe 

in-hospital outcome among case-patients with JN lineage hospitalizations compared to 

those with XBB lineage hospitalizations. Models were adjusted for age (18–49, 50–64, 

≥65 years), sex (male, female), race/ethnicity (Hispanic or Latino, non-Hispanic Black, 

non-Hispanic White, non-Hispanic other race, other/unknown), HHS region, admission 

date in biweekly intervals, Charlson comorbidity index (0, 1–2, 3–4, 5–6, ≥7), and 

COVID-19 vaccination status (updated dose, no updated dose). In sensitivity analyses, 

estimates were stratified by updated dose receipt (in which COVID-19 vaccination status 

was not adjusted for in regression models) and COVID-19 treatment receipt, defined as 

receipt of COVID-19 antivirals, steroids, or immunomodulators, for strata with sufficient 

sample sizes. We conducted sensitivity analyses to evaluate robustness to adjustments for 

temporal confounding (adjusting for continuous or categorical time and matching on time) 

(Supplementary Results). R (version 4.1.3) was used to conduct all analyses.

Results

Description of participants

During October 18, 2023–March 9, 2024, a total of 7,058 patients were admitted with 

COVID-19–like illness and enrolled in the IVY Network from 26 hospitals in 20 U.S. 

states. A total of 1,496 (21.2%) patients did not meet inclusion criteria and were removed 

from the analysis (Supplementary Figure 1). Identification of a SARS-CoV-2 lineage 

through viral whole-genome sequencing was successful for 62.5% (982/1570) of case-

patients meeting all other inclusion criteria. Clinical and demographic characteristics were 

similar among case-patients with successfully sequenced specimens versus all case-patients 

(Supplementary Table 1). Among the 5,562 patients meeting all inclusion criteria, 585 

(10.5%) were case-patients with sequence-confirmed XBB lineage infection, 397 (7.1%) 

were case-patients with sequence-confirmed JN lineage infection, and 4,580 (82.3%) were 

test-negative control-patients.

Among the 5,562 included patients, median age was 67 years (IQR = 55–76 years), 58.9% 

were non-Hispanic White, 49.9% were male, and 47.9% had a Charlson comorbidity index 

≥5 (Table 1). Control-patients had a lower median age (65 years, IQR = 53–75 years) than 

case-patients with XBB lineage (72 years, IQR = 62–80 years) or JN lineage (71 years, IQR 

= 60–81 years) infection (P<.001); distributions of race/ethnicity and sex were more similar 

(Table 1). Control-patients had lower median Charlson comorbidity indices (4, IQR = 2–6) 

than case-patients with XBB lineage (5, IQR = 3–7) or JN lineage (5, IQR = 3–7) infections 

(P<.001). The prevalence of self-reported or documented previous SARS-CoV-2 infection 

was similar among case-patients with JN lineage infection (27.7%) and control-patients 

(31.0%), but higher than that among case-patients with XBB lineage infection (16.8%) 

(P<.001). A total of 53 (9.1%) case-patients with XBB lineage infection, 78 (19.6%) case-

patients with JN lineage infection, and 844 (18.4%) control-patients had received an updated 

COVID-19 vaccine dose (Table 1). Documentation of updated COVID-19 vaccination status 

was based on hospital EMR or state IIS (N = 886; 90.9%) and patient or proxy interviews (N 

= 89; 9.1%).
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The most common SARS-CoV-2 lineages among the 585 case-patients with XBB lineage 

infection were HV.1 (n = 157, 26.8%), FL.1.5.1 (n = 29, 5.0%), and XBB.1.16.6 (n = 26, 

4.4%). Among the 397 case-patients with JN lineage infection, 6 (1.5%) were infected with 

BA.2.86 or BA.2.86.1, 382 (96.2%) with JN.1 or its descendants, and 9 (2.3%) with other 

descendants of BA.2.86. The proportion of case-patients admitted with JN lineage infection 

increased steadily beginning in December 2023, and JN lineages became predominant 

(>50% prevalence) by the week ending January 6, 2024 (Figure 1).

Vaccine effectiveness

We estimated effectiveness of an updated COVID-19 vaccine dose against COVID-19–

associated hospitalization due to XBB and JN lineage infection. VE against XBB lineage 

hospitalization in the first 7–89 days after receiving an updated dose was 54.2% (95% 

CI = 36.1%–67.1%; median interval since updated dose = 44 days [IQR = 22–67]), and 

VE against JN lineage hospitalization in the first 7–89 days was 32.7% (95% CI = 1.9%–

53.8%; median interval since updated dose = 56 days [IQR = 31–74]) (Figure 2). VE 

estimates against XBB lineage hospitalization beyond 90 days from vaccination could 

not be calculated due to the shift in variant predominance from XBB to JN lineages by 

January 2024. VE against JN lineage hospitalization 90–179 days after receiving an updated 

dose was 23.4% (95% CI = -11.8% to 47.6%; median interval since updated dose = 118 

days [IQR = 107–130]). Estimates were similar when adjusting for time using continuous 

or categorical calendar time, matching on time using conditional logistic regression, and 

restricting the analysis period to timeframes during which vaccination coverage was 

approximately stable (Supplementary Figures 2 and 3).

Clinical severity

Among 585 case-patients with XBB lineage infections, 366 (62.6%) received supplemental 

oxygen therapy, 99 (16.9%) received advanced respiratory support, 87 (14.9%) were 

admitted to an ICU, and 44 (7.5%) received IMV or died. Among 397 case-patients with JN 

lineage infections, 245 (61.7%) received supplemental oxygen therapy, 76 (19.1%) received 

advanced respiratory support, 61 (15.4%) were admitted to an ICU, and 32 (8.1%) received 

IMV or died. The unadjusted proportions of these severe in-hospital outcomes were similar 

by lineage (Figure 3). The adjusted odds ratios comparing case-patients with JN versus XBB 

lineage infection for receipt of supplemental oxygen therapy (0.83; 95% CI = 0.54–1.28; 

P=0.40), advanced respiratory support (0.66; 95% CI = 0.38–1.12; P=0.12), ICU admission 

(0.80; 95% CI = 0.46–1.38; P=0.42), and IMV or death (0.69; 95% CI = 0.34–1.40; P=0.30) 

indicated no significant differences in clinical severity between lineage groups (Figure 3). 

Adjusted odds ratios were similar when restricting to patients who received COVID-19 

treatment (n = 810, 82.5% of case-patients) and to patients who did not receive an updated 

vaccine dose (n = 851, 86.7% of case-patients) (Supplementary Figure 4). Estimates were 

similar adjusting for calendar time as a continuous or categorical variable and matching on 

time using conditional logistic regression (Supplementary Figure 5).
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Discussion

Among adults hospitalized in this multisite surveillance network in the US with whole-

genome sequencing-based identification of SARS-CoV-2 lineages, effectiveness of an 

updated 2023–2024 COVID-19 vaccine dose in the first 7–89 days was 54% (95% 

CI = 36%–67%) against XBB lineage hospitalization and 33% (95% CI = 2%–54%) 

against JN lineage hospitalization, with overlapping confidence intervals between the two 

lineage groups. These findings indicate that despite substantial genomic divergence of 

JN lineages from XBB.1.5, updated COVID-19 vaccines continued to provide protection 

against COVID-19–associated hospitalization. Wide confidence intervals for some estimates 

precluded confident assessment of the extent to which VE differs by lineage, but 

point estimates suggest protection may be lower against JN compared to XBB lineage 

hospitalization. A lower point estimate for VE of an updated dose against JN lineage 

hospitalization 90–179 days after receipt may indicate waning of protection over time, 

but additional data are needed. We also found that patients hospitalized with JN lineages 

had similar odds of multiple severe in-hospital outcomes compared to patients hospitalized 

with XBB lineages, including receipt of supplemental oxygen therapy, advanced respiratory 

support, ICU admission, and IMV or death.

Although updated COVID-19 vaccines were effective against JN lineage hospitalization, 

the lower VE point estimate suggests immune escape. This is consistent with other studies 

that use proxies for determining SARS-CoV-2 lineage, including S-gene target failure or 

variant predominance periods [13]. In a US analysis using S-gene target failure or presence, 

VE 60–119 days after dose receipt against symptomatic JN lineage infection was 49%, 

11 percentage points lower than VE against symptomatic XBB lineage infection [19]. In 

a period-based analysis in the Veterans Affairs healthcare system, VE in the first 60 days 

against hospitalization during JN.1 predominance was 32%, 30 percentage points lower 

than VE during XBB predominance [15]. A study using surveillance data in Denmark 

estimated an odds of updated vaccination of 1.6 (95% CI = 1.3–2.0) among patients with 

JN versus XBB infections, indicating reduced protection of COVID-19 vaccines against 

JN lineages [17]. Differences in populations, study designs, and median times since dose 

receipt preclude direct comparison of results, but VE point estimates were consistently lower 

against JN versus XBB lineages in these and our analysis. These findings align with some 

immunogenicity data demonstrating slightly increased immune escape of JN.1 compared to 

XBB.1.5, HV.1, and HK.3 [7,12,28].

Our results also expand upon limited data available on clinical severity of JN lineage 

infection. Analyses of data from 40 ICUs in France and national surveillance from Denmark 

found no differences between JN lineages and co-circulating variants on ICU outcomes and 

ICU/hospitalization risk, respectively [17,21]. A study conducted in an integrated healthcare 

system in the US found evidence of decreased clinical severity of JN lineage infection for 

some outcomes, including emergency department visits and hospital admission [18]. The 

studies available to date and our analysis suggest that JN lineages are unlikely to have 

increased apparent clinical severity compared to XBB lineages, at least in populations with 

widespread immunity against SARS-CoV-2 [29].
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This analysis is subject to several limitations. First, small sample sizes in some strata 

due to low uptake of updated COVID-19 vaccines and rare severe in-hospital outcomes 

limited precision of some VE and severity estimates, respectively. Second, while we 

attempted to sequence specimens from all case-patients, we were unable to determine 

SARS-CoV-2 lineage in a minority due to low viral load and/or viral degradation. Exclusion 

of these patients did not appear to substantially bias VE estimates (Supplementary Results, 

Supplementary Figure 6). Third, although IVY is a multisite network with hospitals in 

geographically diverse locations, our results may not be generalizable to the entire US. 

Fourth, analyses did not account for previous SARS-CoV-2 infection, which may provide 

protection against COVID-19–associated hospitalization and severe outcomes. VE estimates 

reported in this analysis should therefore be interpreted as the incremental benefit of 

receiving an updated dose in a population with high levels of infection-induced and/or 

vaccine-induced immunity [29].

In summary, our results indicate that despite substantial genomic divergence of JN lineages 

compared with XBB lineages, updated COVID-19 vaccination provided protection against 

JN lineage hospitalization. However, the magnitude of protection against JN lineages 

may be attenuated [6,7]. Clinical severity of JN lineage hospitalizations was not higher 

relative to XBB lineage hospitalizations. In June 2024, the Food and Drug Administration’s 

Vaccines and Related Biological Products Advisory Committee recommended an update to 

COVID-19 vaccines to include a monovalent JN.1 lineage antigen [30]. CDC recommends 

that all persons ≥6 months of age receive an updated 2024–2025 COVID-19 vaccine when 

they become available in the fall of 2024 [31]. Given the potential for continued SARS-

CoV-2 evolution, our results highlight the value of monitoring lineage-specific VE and 

clinical severity of emerging lineages to guide public health action [1,2].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Number of COVID-19 case-patients by hospital admission week and SARS-CoV-2 
lineage — IVY Network, 26 Hospitals, October 18, 2023–March 9, 2024.
Identification of a SARS-CoV-2 lineage was determined by viral whole-genome sequencing. 

For analytic purposes, SARS-CoV-2 lineage categories “BA.2.86 or BA.2.86.1,” “JN.1 or 

descendants,” and “Other JN lineages” were grouped and collectively referred to as “JN 

lineages.”

* Dates are for the end of the admission week.
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Figure 2. Effectiveness of updated 2023–2024 (monovalent XBB.1.5) COVID-19 vaccination 
against COVID-19–associated hospitalization from XBB and JN lineage infection — IVY 
Network, 26 Hospitals, October 18, 2023–March 9, 2024.
Vaccine effectiveness was calculated as (1 – adjusted odds ratio) × 100% with odds ratios 

calculated using multivariable logistic regression adjusting for age, sex, race/ethnicity, HHS 

region, admission date in biweekly intervals, and Charlson comorbidity index.
a Based on timing of recommendations to receive updated 2023–2024 COVID-19 vaccines 

and JN lineage emergence, limited numbers of individuals with XBB infection were 90–179 

days from their updated dose, precluding estimation of VE within this stratum.
b Some estimates are imprecise, which might be due to a relatively small number of persons 

in each level of vaccination or case status. This imprecision indicates that the actual vaccine 

effectiveness could be substantially different from the point estimate shown, and estimates 

should therefore be interpreted with caution.

Abbreviations: IQR = interquartile range; CI = confidence interval; HHS = U.S. Department 

of Health and Human Service
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Figure 3. Adjusted odds ratios of severe in-hospital outcomes among adults hospitalized with 
COVID-19 (JN versus XBB lineage hospitalization) — IVY Network, 26 Hospitals, October 18, 
2023-March 9, 2024.
Multivariable logistic regression was used to estimate the odds of each outcome among 

patients with JN versus XBB lineage infection adjusting for age, sex, race/ethnicity, HHS 

region, admission date in biweekly intervals, Charlson comorbidity index, and COVID-19 

vaccination status.
a Supplemental oxygen therapy was defined as supplemental oxygen at any flow rate and by 

any device for those not on chronic oxygen therapy, or with escalation of oxygen therapy for 

patients receiving chronic oxygen therapy.
b Advanced respiratory support was defined as new receipt of high-flow nasal cannula, 

non-invasive ventilation, or invasive mechanical ventilation.

Abbreviations: CI = confidence interval; ICU = intensive care unit; IMV = invasive 

mechanical ventilation
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Table 1.
Characteristics of adults hospitalized with COVID-19–like illness by case-control (COVID-19 testing) status 

and SARS-CoV-2 lineage — IVY Network, 26 Hospitals, October 18, 2023-March 9, 2024.

XBB lineage
case

(N=585)

JN lineage
case

(N=397)

Test-
negative
control

(N=4580)

Overall
(N=5562)

Vaccination status a

Updated (2023-2024) dose 53 (9.1%) 78 (19.6%) 844 (18.4%) 975 (17.5%)

No updated dose 532 (90.9%) 319 (80.4%) 3736 (81.6%) 4587 (82.5%)

Age

Median (IQR) 72 (62, 80) 71 (60, 81) 65 (53, 75) 67 (55, 76)

Age group

18‒49 64 (10.9%) 53 (13.4%) 956 (20.9%) 1073 (19.3%)

50‒64 103 (17.6%) 80 (20.2%) 1248 (27.2%) 1431 (25.7%)

≥65 418 (71.5%) 264 (66.5%) 2376 (51.9%) 3058 (55.0%)

Male 302 (51.6%) 202 (50.9%) 2274 (49.7%) 2778 (49.9%)

Race/ethnicity

Hispanic 69 (11.8%) 43 (10.8%) 588 (12.8%) 700 (12.6%)

Non-Hispanic Black 91 (15.6%) 74 (18.6%) 1032 (22.5%) 1197 (21.5%)

Non-Hispanic White 385 (65.8%) 251 (63.2%) 2642 (57.7%) 3278 (58.9%)

Non-Hispanic, other raceb 20 (3.4%) 18 (4.5%) 165 (3.6%) 203 (3.6%)

Otherc 20 (3.4%) 11 (2.8%) 153 (3.3%) 184 (3.3%)

HHS region d

Region 1 154 (26.3%) 121 (30.5%) 771 (16.8%) 1046 (18.8%)

Region 2 24 (4.1%) 19 (4.8%) 285 (6.2%) 328 (5.9%)

Region 3 3 (0.5%) 9 (2.3%) 75 (1.6%) 87 (1.6%)

Region 4 80 (13.7%) 40 (10.1%) 700 (15.3%) 820 (14.7%)

Region 5 79 (13.5%) 51 (12.8%) 623 (13.6%) 753 (13.5%)

Region 6 61 (10.4%) 48 (12.1%) 548 (12.0%) 657 (11.8%)

Region 7 18 (3.1%) 13 (3.3%) 176 (3.8%) 207 (3.7%)

Region 8 74 (12.6%) 47 (11.8%) 872 (19.0%) 993 (17.9%)

Region 9 75 (12.8%) 37 (9.3%) 378 (8.3%) 490 (8.8%)

Region 10 17 (2.9%) 12 (3.0%) 152 (3.3%) 181 (3.3%)

Charlson Comorbidity Index

0 35 (6.0%) 21 (5.3%) 438 (9.6%) 494 (8.9%)

1‒2 65 (11.1%) 50 (12.6%) 802 (17.5%) 917 (16.5%)

3‒4 155 (26.5%) 91 (22.9%) 1242 (27.1%) 1488 (26.8%)

5‒6 181 (30.9%) 119 (30.0%) 1074 (23.4%) 1374 (24.7%)

≥7 149 (25.5%) 116 (29.2%) 1024 (22.4%) 1289 (23.2%)

Previous SARS-CoV-2 infection e

Yes 98 (16.8%) 110 (27.7%) 1419 (31.0%) 1627 (29.3%)

No 396 (67.7%) 246 (62.0%) 2648 (57.8%) 3290 (59.2%)
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XBB lineage
case

(N=585)

JN lineage
case

(N=397)

Test-
negative
control

(N=4580)

Overall
(N=5562)

Unknown 91 (15.6%) 41 (10.3%) 513 (11.2%) 645 (11.6%)

Percentages are column percentages.

a
Patients were classified into two COVID-19 vaccination groups: 1) receipt of an updated 2023-2024 COVID-19 vaccine dose ≥7 days before 

illness onset, and 2) no receipt of an updated dose, comprising both patients who had received previous original monovalent and/or bivalent 
COVID-19 vaccine doses and patients who have never received a COVID-19 vaccine dose.

b
“Non-Hispanic, other race” includes American Indian or Alaska Native, Asian, and Native Hawaiian or other Pacific Islander categories, which 

were combined because of small counts.

c
“Other” includes patients who self-reported their race and ethnicity as “Other” and those for whom race and ethnicity were unknown.

d
Hospitals by HHS region included Region 1: Baystate Medical Center (Springfield, Massachusetts), Beth Israel Deaconess Medical Center 

(Boston, Massachusetts), and Yale University (New Haven, Connecticut); 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), 
Henry Ford Health (Detroit, Michigan), The Ohio State University Wexner Medical Center (Columbus, Ohio), and University of Michigan Hospital 
(Ann Arbor, Michigan); Region 6: 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), UCHealth University of Colorado Hospital (Aurora, Colorado), and University of Utah 
(Salt Lake City, Utah); Region 9: Stanford University Medical Center (Stanford, California), Ronald Reagan UCLA Medical Center (Los Angeles, 
California), and University of Arizona Medical Center (Tucson, Arizona); and Region 10: Oregon Health & Science University Hospital (Portland, 
Oregon) and University of Washington (Seattle, Washington).

e
Previous SARS-CoV-2 infection was defined as any self-reported or documented previous infection.

Abbreviations: IQR = interquartile range; HHS = U.S. Department of Health and Human Services
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