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We provide updated results (11 October 2023 through 29 
February 2024) from our previously conducted test-negative 
case-control study in Kaiser Permanente Southern California 
to evaluate sublineage-specific effectiveness of the BNT162b2 
XBB1.5-adapted vaccine. Results suggest that XBB1.5-adapted 
vaccines may have reduced effectiveness against JN.1 versus 
XBB sublineages.
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JN.1, a phylogenetically and antigenically distinct sublineage 
from XBB, was first identified in August 2023 and became 
the predominant severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) sublineage globally by the end of 
December 2023 [1]. Despite early neutralization studies show-
ing signs of potential immune evasion [2, 3], only a few studies 
in isolated populations [4–6] have assessed real-world effective-
ness of XBB1.5-adapted coronavirus disease 2019 (COVID-19) 
vaccines against JN.1-related endpoints. We assessed effective-
ness of BNT162b2 XBB1.5-adapted vaccine (Pfizer-BioNTech 
2023–2024 formulation; hereafter referred to as BNT162b2 
XBB vaccine) against XBB and JN.1 sublineages in a large, di-
verse healthcare system in the United States (US).

METHODS

We updated our previous test-negative case-control BNT162b2 
XBB vaccine effectiveness (VE) analysis [7] to (1) include a lon-
ger study period (10 October 2023 through 29 February 2024 

[instead of 10 December 2023]) to allow for additional JN.1 cas-
es, and (2) stratify VE estimates by time since vaccination and 
SARS-CoV-2 sublineage (ie, likely XBB- or JN.1-related). 
Otherwise, selection criteria were identical to our prior analysis 
[7]. In brief, patients were ≥18 years of age who were diagnosed 
with acute respiratory infection (Supplementary Table 1) and 
tested for SARS-CoV-2 using polymerase chain reaction 
(PCR) during a hospital admission or emergency department 
(ED) or urgent care (UC) encounter at Kaiser Permanente 
Southern California during the study period. Cases were those 
with a positive SARS-CoV-2 PCR test; controls tested negative 
and had no encounters, in any setting, with a positive 
SARS-CoV-2 test in the prior 90 days. Likely SARS-CoV-2 
strain was determined based on a hierarchy of available infor-
mation including (1) whole genome sequencing (WGS), (2) 
spike gene target failure (SGTF), or (3) periods of >80% subli-
neage predominance based on WGS data from US Health and 
Human Services Region 9 [1]. Odds of receipt of a BNT162b2 
XBB vaccine were compared to the odds of not receiving XBB 
vaccine of any kind (including previously vaccinated and un-
vaccinated persons) across cases and controls. Adjusted odds 
ratios (ORs) and 95% confidence intervals (CIs) were calculated 
using logistic regression and SAS version 9.4. VE was calculated 
as 1 − OR multiplied by 100% (Supplementary Appendix).

RESULTS

Of 59 058 acute respiratory infection encounters meeting eligibil-
ity criteria, 52 036 met selection criteria (8732 [16.8%] hospital ad-
missions, 43 304 [83.2%] ED/UC encounters; Supplementary 
Figure 1). Median age was 56 years (interquartile range, 38–72 
years); Supplementary Tables 2 and 3 describe participant charac-
teristics by case-control and exposure status, respectively. Overall, 
7572 of 52 036 (14.6%) tested SARS-CoV-2 positive, of which 
2475 (32.7%) and 2209 (29.2%) were confirmed as likely XBB 
and JN.1 sublineages, respectively. In total, 6923 of 52 036 
(13.3%) received BNT162b2 XBB vaccine with median time since 
vaccination of 58 days (range, 15–156 days). Of 7572 cases and 44  
464 controls, 753 (9.9%) and 6170 (13.9%), respectively, received 
BNT162b2 XBB vaccine.

Overall (including all sublineages) adjusted BNT162b2 XBB VE 
was 57% (95% CI, 45%–66%) against COVID-19–related hospital 
admission and 40% (95% CI, 34%–45%) against ED/UC visits. 
Against XBB sublineages, VE was 65% (95% CI, 41%–79%) for 
hospitalization and 55% (95% CI, 45%–64%) for ED/UC, com-
pared to 54% (95% CI, 33%–69%) and 41% (95% CI, 32%–49%) 
against JN.1 sublineages, respectively (Figure 1).

When stratified by time since vaccination, VE <60 days post-
vaccination against XBB sublineages was 74% (95% CI, 49%– 
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Figure 1. Effectiveness of BNT162b2 XBB vaccine by coronavirus disease 2019 encounter type and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) sub-
lineage—10 October 2023 through 29 February 2024. Models adjusted for week of encounter, age, sex, self-reported race/ethnicity, body mass index, Charlson Comorbidity 
Index, prior SARS-CoV-2 infection, and utilization history (flu and pneumococcal vaccination, inpatient, emergency department, and outpatient encounters in prior year). 
Abbreviations: CI, confidence interval; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; VE, vaccine effectiveness.

Figure 2. Effectiveness of BNT162b2 XBB vaccine by coronavirus disease 2019 encounter type, time since vaccination, and severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) sublineage—10 October 2023 through 29 February 2024. A, Effectiveness against hospital admission. B, Effectiveness against emergency department (ED)/ 
urgent care visits. Vaccine effectiveness (VE) ≥2 months after vaccination could not be calculated for XBB sublineages due to small sample size. Models adjusted for week of 
encounter, age, sex, self-reported race/ethnicity, body mass index, Charlson Comorbidity Index, prior SARS-CoV-2 infection, and utilization history (flu and pneumococcal 
vaccination, inpatient, ED, and outpatient encounters in prior year). Abbreviations: CI, confidence interval; VE, vaccine effectiveness.
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87%) for hospitalization and 59% (95% CI, 48%–68%) for ED/ 
UC, whereas VE against JN.1 sublineages for the same 2 out-
comes was 50% (95% CI, 15%–71%) and 52% (95% CI, 39%– 
61%), respectively. VE ≥60 days postvaccination could not be 
calculated for XBB-related hospitalization due to small sample 
size, but was 39% (95% CI, 10%–59%) against XBB-related ED/ 
UC visits 60–128 days after vaccination. VE was 57% (95% CI, 
30%–73%) and 34% (95% CI, 22%–44%) against JN.1-related 
hospitalization and ED/UC visits 60–156 days after vaccina-
tion, respectively (Figure 2).

DISCUSSION

In this test-negative case-control study, BNT162b2 XBB VE 
point estimates were 55%–65% against XBB-related outcomes 
but appeared lower against JN.1 sublineages (41%–54%), albeit 
with overlapping CIs. These findings persisted after accounting 
for time since vaccination. Consistent with prior reports [8, 9], 
VE was highest (>75%) against XBB-related hospitalization 
within 2 months of vaccine receipt, a period when 
XBB1.5-adapted vaccines were most closely matched to circu-
lating XBB strains [1]. Our observational design has limitations 
that have been previously described [7, 10, 11], and it is possible 
that we misclassified SARS-CoV-2 sublineages in instances 
where we relied on SGTF or variant periods. Despite these po-
tential limitations, our results—combined with reports of re-
duced neutralization activity against JN.1 [2, 3] and other 
early VE reports [4–6]—suggest that XBB vaccines likely have 
reduced effectiveness against JN.1 sublineages, which have be-
come predominant globally. Thus, consistent with recent rec-
ommendations from the US Food and Drug Administration 
[12], the European Medicines Agency [13], and the World 
Health Organization [14], a vaccine strain change to target 
JN.1 sublineages, including KP.2, for the upcoming 2024– 
2025 season appears warranted.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
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