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Effectiveness of the 2024–2025 KP.2 COVID-
19 vaccines in the United States during long-
term follow-up

George N. Ioannou 1,2 , Kristin Berry 1, Lei Yan3,4, Yuan Huang3,4,
Hung-Mo Lin3,4, David Bui5, Denise M. Hynes 6,7, Edward J. Boyko 8,
Jacqueline M. Ferguson 9, Mihaela Aslan3,10 & Kristina L. Bajema 6,11

Up-to-date estimates of COVID-19 vaccine effectiveness (VE) are needed to
informCOVID-19 vaccination strategies and recommendations. This target trial
emulation study aimed to estimate the long-term vaccine effectiveness (VE) of
the 2024-2025 COVID-19 vaccines targeting the KP.2 Omicron variant within
the Veterans Health Administration. The study population (90.9% male, mean
age 70.7 years) included 538,631 pairs of vaccinated (i.e., received the KP.2
COVID-19 vaccine) and matched unvaccinated (i.e., did not receive the KP.2
COVID-19 vaccine) persons enrolled from August 2024 to January 2025. Over a
mean follow-up of 172 days (range 97-232) extending to April 12, 2025, VE was
low against laboratory-diagnosed SARS-CoV-2 infection (16.60%, 95% con-
fidence interval [CI], 11.92-21.44), SARS-CoV-2-associated emergency depart-
ment/urgent care (ED/UC) visit (21.05%, 95% CI, 14.22-27.21), SARS-CoV-2-
associated hospitalization (19.53%, 95% CI 6.56-30.10) andmuch higher against
SARS-CoV-2-associated death (65.53%, 95% CI 27.79-83.37). VE declined from
60 to 90 to 120days against infection (31.28%, 25.81%, 22.44% respectively), ED/
UC visit (34.40%, 29.19%, 25.71% respectively), hospitalization (37.39%, 28.98%,
22.52% respectively) and death (75.02%, 71.02%, 63.08% respectively). In con-
clusion, COVID-19 vaccines targeting the KP.2 variant used in the 2024-2025
season offered high protection against death and modest protection against
infection, ED/UC visits or hospitalization, and VE declined over time.

In August 2024, the US Food andDrug Administration (FDA) approved
updated 2024-2025 COVID-19 vaccines from Pfizer-BioNTech1 and
Moderna2 targeting the KP.2 Omicron variant and authorized a vaccine
from Novavax targeting the JN.1 Omicron variant3. The Centers for
Disease Control and Prevention (CDC) recommended that all persons
≥6 months of age receive a 2024-2025 COVID-19 vaccine dose4,5.
Despite this recommendation, only 13%of children and 23%of adults in
the United States reported having received the 2024-2025 COVID-19
vaccine by the end of April 20256.

Real-world vaccine effectiveness (VE) studies of the earlier 2023-
2024 XBB.1.5 COVID-19 vaccines estimated modest VE, which waned

over a period of 6 months7–9. A test-negative, case-control study of the
2024–2025 Pfizer-BioNTech KP.2 vaccine in the Veterans Health
Administration (VHA) estimated that early VE at amedian 33 days after
vaccination was 68% (95% CI 42–82%), 57% (95% CI 46–65%), and 56%
(95% CI 36–69%) against COVID-19-associated hospitalizations, emer-
gency department (ED) and urgent care (UC) visits, and outpatient
visits, respectively10. Test-negative, case-control studies in two CDC
networks estimated that the VE of the 2024-2025 COVID-19 vaccines at
a median time of 55 days after vaccination was 33% (95% CI 28–38)
against ED/UC visits among adults age ≥18 years and 45% (95% CI
36–53) against hospitalization among adults age ≥65 years11. However,
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these studies estimated VE during a very short period after vaccina-
tion, and therefore do not provide data on longer term VE, which may
waneover time. These studieswere also not able to estimate VE against
SARS-CoV-2-associated death, and, due to their case-control design,
could not estimate cumulative incidence rates and differences in
outcomes, which are needed to estimate the absolute number of
persons needed to vaccinate to prevent an outcome.

VHA is one of the largest integrated health care systems in the
United States. It provides care to more than 9 million Veterans, many
of whom are older and havemultiple comorbidities. VHA has utilized a
national, comprehensive electronic health records (EHR) system for
several decades, which provided adequate, high-quality EHR data for
the execution of target trial emulation (TTE) studies of COVID-19 and
RSV VE7,12–16. TTE involves specifying the critical study design elements
of an RCT (eligibility criteria, treatment strategies, treatment assign-
ment, time zero, outcomes, causal contrasts and analysis plan) and
explicitly attempting to emulate these elements in an observational
dataset17,18. We used TTE study design to specify and emulate a trial
comparing KP.2 COVID-19 vaccination versus no KP.2 COVID-19 vac-
cination conducted among VHA enrollees aged ≥18 years with enroll-
ment from 08/23/2024 until 01/17/2025 and follow-up through 04/12/
2025. We aimed to estimate KP.2 COVID-19 VE against SARS-CoV-2
documented infection, ED/UC visit, hospitalization, and death during
long-term follow-up, anddescribe the extent towhichVEdeclinedover
time since vaccination.

Results
Study participant characteristics
The enrollment period of the emulated trial began on 08/23/2024,
when KP.2 COVID-19 vaccines were FDA approved, and extended until
01/17/2025. During this overall enrollment period, 8 sequential trials
were executed, eachhaving an ~2-week enrollment period (Fig. 1)19. Key
study design elements of the specified and emulated trials are com-
pared in Supplemental Table 1. Of 2,119,853 VHA enrolleeswho fulfilled

eligibility criteria, 541,213 received KP.2 COVID-19 vaccination during
the enrollment period. Their characteristics before matching are
shown in Supplemental Table 2. Of these individualswho receivedKP.2
COVID-19 vaccination, 538,631 (99.5%, including 212,124 Pfizer and
326,507 Moderna vaccine recipients) were matched to 538,631
unvaccinated (i.e., did not receive the KP.2 COVID-19 vaccine) person-
trials (409,051 unique control individuals) (Fig. 2). Baseline char-
acteristics were well-balanced between the two groups aftermatching,
with all standardizedmean differences (SMDs) below 0.10. Table 1 and
Supplemental Figs. 1 and 2 show SMDs of baseline characteristics
before and after matching. Matched individuals were 90.9% male,
66.5%White, 22.8%Black, 6.0%Hispanic/Latino, and had amean age of
70.7 years. Most recent prior documented COVID-19 vaccination was
within 90–182 days in 7.3%, 183–364 days in 57.0% and ≥365 days in
35.7%. The proportion who had ≥4 prior COVID-19 vaccines was 89.0%.
The study population peaked in trial 2 (9/30/2024 to 10/13/2024,
122,777 individuals in each arm or 22.8%) and declined with each
sequential trial, down to only 12,526 individuals (2.3%) in each arm in
trial 8. Comorbidities such as diabetes (42.1%), coronary heart disease
(37.7%), chronic kidney disease (30.0%) and congestive heart failure
(12.7%) were common. Crossovers from the unvaccinated to the vac-
cinated arm after initial matched assignment occurred in 143,131 per-
sons corresponding to 190,873 (35.4%) matched pairs.

Vaccine effectiveness estimates and decrease over longer
follow-up time
Over a mean follow-up of 172 days (range 97–232), there were 7863
laboratory-confirmed SARS-CoV-2 infections, 4353 SARS-CoV-2 asso-
ciated ED/UC visits, 1046 SARS-CoV-2-associated hospitalizations, and
140 SARS-CoV-2-associated deaths, among 537,466 matched pairs of
individuals who remained at risk 10 days following the index date
(Figs. 3 and 4).

VE against laboratory-confirmed infection at 60 days was 31.28%
(95% CI 25.56–36.36) and decreased progressively when estimated at

Fig. 1 | Overview of the study design and matching approach using eight
sequential trials, each with an approximately 2-week enrollment period, to
emulate a target randomized controlled trial evaluating the effectiveness of
the 2024-2025 KP.2 COVID-19 vaccine. The combined enrollment period for the
eight trials ran from 08/23/2024 to 01/17/2025, with follow-up extending through
04/12/2025. Outcome included vaccine effectiveness against documented SARS-
CoV-2 infection, SARS-CoV-2 associated ED/UC visit, SARS-CoV-2 associated

hospitalization or SARS-CoV-2 associated death. CAN Care Assessment Need, VISN
Veterans Integrated Services Network. *Persons who received KP.2 vaccination
during a given 2-week trial period were not eligible for later trials, whereas persons
who remained unvaccinated could be included in subsequent periods if they con-
tinued to satisfy eligibility requirements. † Follow-up for outcomes started 10 days
after the index date (the vaccination date or the same assigned date for the mat-
ched unvaccinated comparator) and continued through April 12, 2025.
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90 days (25.81%, 95% CI 20.90–29.75), 120 days (22.44%, 95% CI
17.65–26.01) or through the endof follow-up at day232 (16.60%, 95%CI
11.92–21.44) (Fig. 4). Similarly, VE against SARS-CoV-2-associated ED/
UC visit decreased progressively when extending to 60 days (34.40%,
95% CI 27.34–41.16), 90 days (29.19%, 95% CI 23.65–35.00), 120 days
(25.71%, 95% CI 19.92–30.88) or the end of follow-up (21.05%, 95% CI
14.22–27.21). VE against SARS-CoV-2-associated hospitalization
decreased when extending to 60 days (37.39%, 95% CI 20.83–49.61),
90 days (28.98%, 95% CI 15.19–40.51), 120 days (22.52%, 95% CI
10.02–31.72) or the end of follow-up (19.53%, 95% CI 6.56–30.10). VE
against SARS-CoV-2-associated death decreased when extending to
60 days (75.02%, 95% CI 48.01–91.63), 90 days (71.02%, 95% CI
45.78–84.69), 120 days (63.08%, 95% CI 43.73–77.89) or the end of
follow-up (65.53%, 95% CI 27.79–83.37).

The cumulative incidence of SARS-CoV-2 infection at the end of
follow-up was 7.74/1000 (95% CI 7.37–7.97) in the vaccinated arm
versus 9.29/1000 (95% CI 8.64–9.67) in the unvaccinated arm, result-
ing in risk difference of −1.54/1000 (95% CI −2.10 to −1.07), corre-
sponding to 649 persons (95% CI 476–935) needed-to-vaccinate to
prevent one infection (Supplemental Table 3). The cumulative inci-
dence of SARS-CoV-2 associated ED/UC visit was 4.24/1000 (95% CI

3.98–4.43) in the vaccinated arm versus 5.36/1000 (95% CI 4.89–5.72)
in the unvaccinated arm, resulting in risk difference of −1.13/1000 (95%
CI −1.54 to −0.72), corresponding to 885 persons (95% CI 649–1389)
needed-to-vaccinate to prevent one visit. The cumulative incidence of
SARS-CoV-2 associated hospitalization was 0.97/1000 (95% CI
0.88–1.07) in the vaccinated arm versus 1.21/1000 (95%CI 1.04–1.38) in
the unvaccinated arm, resulting in risk difference of −0.24/1000 (95%
CI −0.40 to −0.07), which corresponded to 4167 persons (95% CI
2500–14,285) needed-to-vaccinate to prevent one hospitalization. The
cumulative incidence of SARS-CoV-2 associated death was 0.11/1000
(95% CI 0.08–0.14) in the vaccinated arm versus 0.31/1000 (95% CI
0.14–0.64) in the unvaccinated arm, resulting in risk difference of
−0.20/1000 (95% CI −0.47 to −0.04), which corresponded to 5000
persons (95% CI 2128–25,000) needed-to-vaccinate to prevent
one death.

Subgroup analyses, sensitivity analyses and negative outcome
control
No clear trends in VE were observed across categories of CAN risk
score or time since prior SARS-CoV-2 positive test (Supplemental
Table 4). VE against infections, ED/UC visit and hospitalization was

Fig. 2 | Flow diagram showing derivation of the study population. Identification of eligible individuals in the target trial emulation comparing KP.2 COVID-19
vaccination versus no KP.2 vaccination.
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Table 1 | Baseline characteristics of veteransmatched in an emulated target trial of KP.2 COVID-19 vaccination versus no KP.2
COVID-19 vaccination, with enrollment from 08/23/2024 until 01/17/2025 and follow-up extending through 04/12/2025a

KP.2 COVID-19 vaccination
(N = 538,631)

No KP.2 COVID-19 vaccination
(N = 538,631)

Overall (N = 1,077,262)

Mean age (SD), year 70.7 (11.6) 70.6 (11.9) 70.7 (11.7)

Age group, no. (%)

18–64years 131,907 (24.5%) 131,907 (24.5%) 263,814 (24.5%)

65–74 years 165,106 (30.7%) 165,106 (30.7%) 330,212 (30.7%)

≥75 years 241,618 (44.9%) 241,618 (44.9%) 483,236 (44.9%)

Sex, no. (%)

Female 50,112 (9.3%) 48,287 (9.0%) 98,399 (9.1%)

Male 488,519 (90.7%) 490,344 (91.0%) 978,863 (90.9%)

Raceb, no. (%)

American Indian, Alaska Native 3683 (0.7%) 3872 (0.7%) 7555 (0.7%)

Asian 7396 (1.4%) 7763 (1.4%) 15,159 (1.4%)

Black 125,274 (23.3%) 120,633 (22.4%) 245,907 (22.8%)

Native Hawaiian, Other Pacific Islander 4746 (0.9%) 4898 (0.9%) 9644 (0.9%)

White 356,704 (66.2%) 359,788 (66.8%) 716,492 (66.5%)

Multiple 4549 (0.8%) 4622 (0.9%) 9171 (0.9%)

Declined/Unknown/Missing 36,279 (6.7%) 37,055 (6.9%) 73,334 (6.8%)

Ethnicityb, no. (%)

Hispanic/Latino 33,728 (6.3%) 31,355 (5.8%) 65,083 (6.0%)

Not Hispanic/Latino 480,672 (89.2%) 482,707 (89.6%) 963,379 (89.4%)

Declined/Unknown/Missing 24,231 (4.5%) 24,569 (4.6%) 48,800 (4.5%)

Rurality, no. (%)

Urban 383,182 (71.1%) 375,542 (69.7%) 758,724 (70.4%)

Rural 155,449 (28.9%) 163,089 (30.3%) 318,538 (29.6%)

US geographical regiond, no. (%)

West 124,408 (23.1%) 124,408 (23.1%) 248,816 (23.1%)

Midwest 138,747 (25.8%) 138,747 (25.8%) 277,494 (25.8%)

Northeast 99,353 (18.4%) 99,353 (18.4%) 198,706 (18.4%)

South 176,123 (32.7%) 176,123 (32.7%) 352,246 (32.7%)

Drive distance to nearest VHA medical facility in miles, no. (%)

0–9 253,644 (47.1%) 251,,015 (46.6%) 504,659 (46.8%)

10–24 198,489 (36.9%) 196557 (36.5%) 395,046 (36.7%)

25–49 71,326 (13.2%) 74,490 (13.8%) 145,816 (13.5%)

≥50 15,172 (2.8%) 16,569 (3.1%) 31,741 (2.9%)

Drive time to nearest VHA medical facility in minutes, no. (%)

0–9 122,010 (22.7%) 120,184 (22.3%) 242,194 (22.5%)

10–19 225,450 (41.9%) 221,743 (41.2%) 447,193 (41.5%)

20–59 179,942 (33.4%) 184,480 (34.2%) 364,422 (33.8%)

≥60 11,229 (2.1%) 12,224 (2.3%) 23,453 (2.2%)

Smoking, no. (%)

Current Smoker 64,926 (12.1%) 68,483 (12.7%) 133,409 (12.4%)

Former Smoker 255,978 (47.5%) 257,571 (47.8%) 513,549 (47.7%)

Never Smoker 213,268 (39.6%) 208,160 (38.6%) 421,428 (39.1%)

Unknown 4459 (0.8%) 4417 (0.8%) 8876 (0.8%)

Alcohol Use Disorderc, no. (%) 105,904 (19.7%) 107,662 (20%) 213,566 (19.8%)

Substance Use Disorderc, no. (%) 72,218 (13.4%) 74,404 (13.8%) 146,622 (13.6%)

Body mass index, no. (%)

<18·5 kg/m2 4900 (0.9%) 5072 (0.9%) 9972 (0.9%)

18·5–24·9 kg/m2 103,051 (19.1%) 102,352 (19.0%) 205,403 (19.1%)

25–29·9 kg/m2 196,027 (36.4%) 195,373 (36.3%) 391,400 (36.3%)

30–34·9 kg/m2 141,955 (26.4%) 142,114 (26.4%) 284,069 (26.4%)

35–39·9 kg/m2 62,033 (11.5%) 62,904 (11.7%) 124,937 (11.6%)

≥40 kg/m2 30,665 (5.7%) 30,816 (5.7%) 61,481 (5.7%)

Chronic Kidney Diseasec, no. (%) 162,364 (30.1%) 160,738 (29.8%) 323,102 (30%)

Diabetesc, no. (%) 227,286 (42.2%) 225,750 (41.9%) 453,036 (42.1%)

Coronary Heart Diseasec, no. (%) 202,855 (37.7%) 203,439 (37.8%) 406,294 (37.7%)

Congestive Heart Failurec, no. (%) 68,726 (12.8%) 68,255 (12.7%) 136,981 (12.7%)
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greater in persons who had >365 days since last vaccination than in
those who had 90–365 days since last vaccination. There were no
trends with increasing age in VE against infection, ED/UC visits or
hospitalization; but VE against SARS-CoV-2-related death appeared to

be limited to those ≥75 years of age (69.77%, 95% CI 29.00–85.72) with
no effectiveness in those 18–74 years (11.77%, 95% −314.81 to 71.14),
who had very low cumulative incidence of SARS-CoV-2 related death
(0.05 per 1000 persons)

Table 1 (continued) | Baseline characteristics of veterans matched in an emulated target trial of KP.2 COVID-19 vaccination
versus no KP.2 COVID-19 vaccination, with enrollment from 08/23/2024 until 01/17/2025 and follow-up extending through
04/12/2025a

KP.2 COVID-19 vaccination
(N = 538,631)

No KP.2 COVID-19 vaccination
(N = 538,631)

Overall (N = 1,077,262)

Chronic Lung Diseasec, no. (%) 136,561 (25.4%) 136,235 (25.3%) 272,796 (25.3%)

Dementiac, no. (%) 17,250 (3.2%) 17,803 (3.3%) 35,053 (3.3%)

Received immunosuppressive or cancer medications in the last
year, no. (%)

28,538 (5.3%) 27,561 (5.1%) 56,099 (5.2%)

Charlson Comorbidity Index, mean (SD) 2.5 (2.4) 2.4 (2.4) 2.4 (2.4)

Care Assessment Need (CAN) score for 90-day mortality, no. (%)

0–50 181,562 (33.7%) 181,562 (33.7%) 363,124 (33.7%)

51–89 283,403 (52.6%) 283,403 (52.6%) 566,806 (52.6%)

90–99 73,666 (13.7%) 73,666 (13.7%) 147,332 (13.7%)

VHA primary care encounters in the last year, no. (%)

0–1 37,989 (7.1%) 36,161 (6.7%) 74,150 (6.9%)

2–3 120,901 (22.4%) 119,062 (22.1%) 239,963 (22.3%)

4–7 176,825 (32.8%) 178,751 (33.2%) 355,576 (33.0%)

≥8 202,916 (37.7%) 204,657 (38.0%) 407,573 (37.8%)

VHA specialty care encounters in the last year, no. (%)

0–1 18,256 (3.4%) 17,955 (3.3%) 36,211 (3.4%)

2–3 59,438 (11.0%) 58,517 (10.9%) 117,955 (10.9%)

4–7 129,944 (24.1%) 129,845 (24.1%) 259,789 (24.1%)

≥8 330,993 (61.5%) 332,314 (61.7%) 663,307 (61.6%)

VHA hospitalizations in the last year, no. (%)

0 464,215 (86.2%) 463,751 (86.1%) 927,966 (86.1%)

1 53,095 (9.9%) 53,404 (9.9%) 106,499 (9.9%)

2–4 20,028 (3.7%) 20,187 (3.7%) 40,215 (3.7%)

≥5 1293 (0.2%) 1289 (0.2%) 2582 (0.2%)

Trial number and enrollment period, no. (%)

1: 08/23/24 to 09/29/24 109,588 (20.3%) 109,588 (20.3%) 219,176 (20.3%)

2: 09/30/24 to 10/13/24 122,777 (22.8%) 122,777 (22.8%) 245,554 (22.8%)

3: 10/14/24 to 10/27/24 96,967 (18.0%) 96,967 (18.0%) 193,934 (18.0%)

4: 10/28/24 to 11/10/24 77,086 (14.3%) 77,086 (14.3%) 154,172 (14.3%)

5: 11/11/24 to 11/24/24 53,873 (10.0%) 53,873 (10.0%) 107,746 (10.0%)

6: 11/25/24 to 12/08/24 34,048 (6.3%) 34,048 (6.3%) 68,096 (6.3%)

7: 12/08/24 to 12/22/24 31,766 (5.9%) 31,766 (5.9%) 63,532 (5.9%)

8: 12/23/24 to 01/17/25 12,526 (2.3%) 12,526 (2.3%) 25,052 (2.3%)

Time since the most recent prior COVID-19 vaccine, no. (%)

90–182 days 39,519 (7.3%) 39,519 (7.3%) 79,038 (7.3%)

183–364 days 307,057 (57.0%) 307,057 (57.0%) 614,114 (57.0%)

≥365 days 192,055 (35.7%) 192,055 (35.7%) 384,110 (35.7%)

Number of prior COVID-19 vaccination(s) no. (%)

1–2 15,416 (2.9%) 15,458 (2.9%) 30,874 (2.9%)

3 43,771 (8.1%) 43,732 (8.1%) 87,503 (8.1%)

≥4 479,444 (89.0%) 479,441 (89.0%) 958,885 (89.0%)

Time since the most recent prior laboratory-confirmed positive
SARS-CoV-2 test, no. (%)

90–182 days 2987 (0.6%) 2987 (0.6%) 5974 (0.6%)

183–364 days 13,600 (2.5%) 13,600 (2.5%) 27,200 (2.5%)

≥365 days 114,346 (21.2%) 114,346 (21.2%) 228,692 (21.2%)

No prior laboratory-confirmed positive test 407,698 (75.7%) 407,698 (75.7%) 815,396 (75.7%)

aBaseline characteristics as of the start of each 2-week trial.
bRace and ethnicity were ascertained through a 2-question self-identified method included in the VHA Form 10-10EZ.
cDocumented in the 2 years prior to the initiation of each 2-week trial.
dRegions are based on Veterans Integrated Services Networks (VISNs). West includes VISNs 19 to 22; Midwest includes VISNs 10, 12, 15, and 23; Northeast includes VISNs 1, 2, 4, and 5; and South
includes VISNs 6–9, 16, and 17.
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VE against ED/UC visit or hospitalization was slightly lower when
we identified all ED/UC visits and hospitalizations within −1 to +10 days
of a positive test (Supplemental Fig. 3), or ED/UC visits and hospitali-
zations that had associated ARI codes (Supplemental Fig. 4) rather
than those that had associated COVID-19 codes. VE against SARS-Cov-
2-associated ED/UC visit occurring within ±1 day of the test-positive
date (Supplemental Fig. 5) was very similar to that determined within
the prespecified window of −1 to 10 days.

VE in persons vaccinated in late trials (from 10/28/24 to 01/17/25)
was not lower thanVE in persons vaccinated in early trials (from8/23/24
to 10/27/24) (Supplemental Table 5). Persons vaccinated in early trials
tended to be slightly younger, with lower CAN score and longer interval
since most recent prior COVID-19 vaccination (Supplemental Table 6).

Compared to the primary per-protocol analysis with IPCW, the
per-protocol analysis with censoring of thematched pair at the time of
vaccination of the unvaccinated comparator yielded very similar
results (Supplemental Fig. 6) whereas the intention-to-treat analysis
resulted in slightly lower VE estimates at all time points (i.e., 60-days,
90-say, 120-days and end of follow-up) against SARS-CoC-2 infection

(27.30%, 22.49%, 19.07%, 14.20% respectively), SARS-CoV-2-associated
ED/UC visit (30.07%, 25.15%, 21.87%, 16.47%), SARS-CoV-2-associated
hospitalization (33.72%, 26.18%, 20.04%, 15.44%) and SARS-CoV-2-
associated death (71.48%, 65.98%, 55.77%, 46.20% respectively) (Sup-
plemental Fig. 7).

There was little difference in the rate of all-cause ED/UC visits
during days 1 through 9 after index date (the study’s negative outcome
control) in the vaccinated (cumulative incidence 14.73/1000) versus
the unvaccinated arm (cumulative incidence 15.45/1000).

Discussion
Our TTE study performed in the national VHA healthcare system
between August 2024 and April 2025 found that during follow-up
extending to 232 days from vaccination, the 2024–2025 COVID-19
vaccine targeting the KP.2 variant of Omicron had an estimated VE of
16.60% against laboratory-confirmed SARS-CoV-2 infection, 21.05%
against SARS-CoV-2-associated ED/UC visit, 19.53% against SARS-CoV-
2-associated hospitalization, and much higher VE of 65.53% against
SARS-CoV-2-associated death. This corresponded to numbers-needed-
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Fig. 3 | Cumulative incidencesof outcomes in vaccinated (i.e., received theKP.2
COVID-19 vaccine) versus matched unvaccinated (i.e., did not receive the KP.2
COVID-19 vaccine) individuals in a target trial emulation study extending from
08/23/2024 to 04/12/2025. A documented SARS-CoV-2 infections. B SARS-CoV-2
associated ED/UC visits*. C SARS-CoV-2-associated hospitalizations*. D SARS-CoV-
2-associated deaths†. Analysis is limited to 537,466 matched pairs both of whom
remained uninfected and alive as of day 10 following the index date. The number of
individuals at risk (and number of cumulative events) shown below the x-axis

correspond to 0, 60, 120 180 and 232 days. The shaded area around the cumulative
incidence lines illustrates the 95% confidence interval around the estimates of the
cumulative incidence of documented SARS-CoV-2 infections (A), SARS-CoV-2
associated ED/UC visits (B), SARS-CoV-2-associated hospitalizations (C), and SARS-
CoV-2-associated deaths (D). *ED/UC visit or hospitalization occurring from the day
prior through 10 days after the eligible positive SARS-CoV-2 test result and having
associated ICD-10 codes for acute respiratory infection. †Any death occurring the
day of through 30 days after the eligible positive SARS-CoV-2 test result.
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to-vaccinate of 649, 885, 4167, and 5000 to prevent each of the
respective outcomes. VE declined from 60 to 90 to 120 days against
infection (31.28%, 25.81%, 22.44% respectively), ED/UC visit (34.40%,
29.19%, 25.71% respectively), hospitalization (37.39%, 28.98%, 22.52%
respectively), or death (75.02%, 71.02%, 63.08% respectively). These
estimates provide useful data to inform recommendations for COVID-
19 vaccinations20.

Our KP.2 VE estimates are similar to those of another VHA-based
study with a 6-month follow-up time, which compared simultaneous
recipients of both COVID-19 and influenza vaccines to persons who
received only the influenza vaccine21. Our estimates are substantially
lower than those of another VHA-based study, which used a test-
negative, case-control study design and reported VE against SARS-
CoV-2-associated hospitalizations or ED/UC visits of 68% (95% CI
42–82%) and 57% (95% CI 46–65%) respectively10. However, median
time since receipt of vaccination in that study was only 33 days. Test-
negative, case-control VE studies from CDC networks estimated that
VE against SARS-CoV-2-associated ED/UC visits at a median time of
55 days after KP.2 vaccination was 33% (95% CI 29–42%), which is very
similar to our VE estimate at 60 days (34.40%, 95%CI 27.34–41.16), and
45% (95% CI 36–53) against hospitalization among adults age ≥65
years11, which is slightly higher thanour VE estimate at 60days (37.39%,
95% CI 20.83–49.61). Our study extends these findings by demon-
strating that VE continues to decrease over time such that over follow-
up extending to 232 days, VE against SARS-CoV-2-associated ED/UC
visit or hospitalization declined to 21% and 20% respectively.

One theoretical explanation for VE waning with time since vacci-
nation might be the evolution of new predominant variants that are
different than the KP.2 variant that the vaccine was designed to target.
However, we did not find lower 60 and 90-day VE in persons vaccinated
late (from October 2024 to January 2021) compared to persons

vaccinatedearly (fromAugust toOctober2024) (Supplemental Table 5).
This suggests that theobservedwaningVEover time since vaccination is
unlikely to be related to the evolution of new predominant variants
during the 2024-2025 respiratory virus season against which the KP.2
vaccine offered significantly less protection. This is also supported by
the fact that the predominant variants after KP.2 (i.e., LB.1-like, KP.3.1.1-
like, XEC, LP.8.1) descended from the same JN.1 lineage and had rela-
tively low number of spike protein amino acid differences22. Other fac-
tors, such as waning levels of neutralizing antibodies, may account for
the observed decrease in VE over time23.

VE against SARS-CoV-2-associated death was substantially higher
than VE against SARS-CoV-2-associated hospitalization or ED/UC visits,
with follow-up extending to 60 days (75.02%, 95% CI 48.01–91.63),
90 days (71.02%, 95% CI 45.78–84.69), 120 days (63.08%, 95% CI
43.73–77.89) or the end of follow-up (65.53%, 95% CI 27.79–83.37). A
recent VHA-based study estimated very similar VE against death of 64%
(95% CI 23.0–85.8)21. This suggests that the KP.2 COVID-19 vaccine
offers substantial protection against death if infected by SARS-CoV-2,
which, combined with a modest protection against infection, resulted
in a much more profound VE against death. These results are sub-
stantially higher than the VE against SARS-CoV-2-associated death
(26.61%, 95% CI 5.53–42.32%) that we reported for the 2023–2024
COVID-19 vaccine that targeted the XBB.1.5 variant using VHA data and
similar study design and follow-up period7. This reinforces the need to
continue to assess VE for eachupdated vaccine.Our subgroup analyses
suggested that the protection against SARS-CoV-2-associated death
providedby theKP.2 vaccineduring the 2024–2025 seasonwas limited
to older persons ages ≥75 years. In persons under 75 years of age, the
cumulative incidence of SARS-CoV-2 related death was very low (0.05
per 1000 persons) and not substantially different between the vacci-
nated and unvaccinated groups.
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In contrast to the test-negative, case-control study design, TTE
enables estimation of cumulative incidences in vaccinated and mat-
ched unvaccinated arms, which can be used to estimate risk differ-
ences and number-needed-to-vaccinate to prevent an adverse
outcome. We estimated the number-needed-to-vaccinate to prevent
one documented SARS-CoV-2 infection (n = 649, 95% CI 476–935), ED/
UC visit (n = 885, 95% CI 649–1389), hospitalization (n = 4167, 95% CI
2500–14,285), or death (n = 5000, 95% CI 2128–25,000). These num-
bers are larger than estimates of number-needed-to-vaccinate prevent
one hospitalization against COVID-19 in the 2021-2022 season (n = 205,
range 44–615)24, or against influenza in the 2017–2018 season (n = 1223,
95% CI 578–3488)25. However, numbers-needed-to-vaccinate fluctuate
based on disease incidence, vary in different risk groups (which our
sample size precluded us from estimating), and do not capture the
indirect effects of vaccines on unvaccinated persons (i.e., herd
immunity)26. Hence, they should be interpreted with caution.

The COVID-19 vaccination strategy over the last 3 years has been
to introduce an updated COVID-19 vaccine at the beginning of each
respiratory virus season that targets the predominant Omicron var-
iants circulating just prior to their introduction: BA.4/BA.5 (as part of
the bivalent vaccines that also targeted the ancestral strain) for
2022–2023, XBB.1.5 for 2023–2024, and KP.2 for 2024–2025. Follow-
ing the same rationale, in May 2025, FDA’s Vaccines and Related Bio-
logical Products Advisory Committee (VRBPAC) recommended that
the 2025–26 vaccines should target the JN.1 lineage and specifically the
LP.8.1 sublineage27. FDA approved the JN.1/LP.8.1-targeting vaccines in
August 2025 for adults ages 65 years andolder aswell as for individuals
ages 5 through 64 with at least one high-risk condition. Although VE of
the 2025–26 vaccine formulations cannot be predicted, our results of
relatively low VE, coupled with very low vaccine uptake rates, call for
accelerated efforts to develop new vaccination strategies that could
provide higher and more sustained protection, such as mucosal vac-
cines effective against all variants including those presumed to
develop in the future and as the virus continues to mutate.

Limitations of the study include, first, the fact that outcomes were
anchored around laboratory-confirmed SARS-CoV-2 infections. Results
of at-home COVID-19 antigen tests or infections that were not con-
firmed by any testing were not included. However, we anticipate that
the vast majority SARS-CoV-2 infections that resulted in ED/UC visits,
hospitalizations or deaths would have been confirmed by laboratory
testing. Second, ascertainment of KP.2 COVID-19 vaccination and
SARS-CoV-2-related outcomes might be incomplete. To ameliorate
this, we accessed vaccinations administered both within and outside
VHA and limited the study population to VHA enrollees who had pre-
viously received COVID-19 vaccination through VHA, had an assigned
VHA primary care provider, and had documentation of recent VHA
care. Third, although exact and propensity score matching achieved
good balance across key potential confounders, some residual con-
founding may persist, including variation in healthcare seeking beha-
vior. Nevertheless, our negative outcome control—ED/UC visits during
days 0–9—showed little evidence of residual confounding or differ-
ential outcome ascertainment. Fourth, the reduction in estimated VE at
progressively longer follow-up times may be at least in part due to a
depletion-of-susceptibles bias28 rather than true waning in effective-
ness. Fifth, VHA enrollees included in our TTEs were predominantly
malewith advanced age and frequent comorbid conditions; our results
should be extrapolated to other populations with caution.

In conclusion, VE of the KP.2-targeted COVID-19 vaccines during
the 2024–2025 season was modest against SARS-CoV-2 infection, ED/
UC visit and hospitalization and declined over time but was much
higher against SARS-CoV-2 associated death with less evidence of
waning over time, in an older population with multiple comorbidities.
Continued real-world COVID-19 VE studies to assess the degree and
durability of vaccine protection will be important to inform vaccine
policy and motivate more effective and enduring vaccine strategies.

Methods
Ethics approval
Our study complies with all relevant ethical regulations and was
reviewed by the VA Puget Sound Health Care System (VAPSHCS)
Institutional Review Board (IRB) and approved by the VAPSHCS
Research and Development Committee. As a retrospective study of
existing electronic health records, the study was granted an expedited
review and was verified to meet one or more of the exemption cate-
gories. As such, informed consent was not required and a waiver of
HIPAA authorization was obtained.

Specification and emulation of sequential target trials
Supplemental Table 1 outlines the key study design elements of the
specified and emulated trials. The emulated trial’s enrollment period
began on 08/23/2024, the date of FDA approval of the KP.2 COVID-19
vaccines, and extended until 01/17/2025, following which vaccine
administrations dwindled to very lownumbers.During this interval, we
implemented 8 sequential trials, each with an ~2-week enrollment
period, to account for multiple potential enrollment times for indivi-
dualswhohadnot yet receivedKP.2 COVID-19 vaccination and to allow
ascertainment of updated eligibility and baseline characteristics for
each interval (Fig. 1)19. Amongpersonswho fulfilled eligibility criteria in
each 2-week trial, we matched with replacement each person who
received KP.2 vaccination during the 2-week period to one personwho
remained unvaccinated until the end of the 2-week period. We used
exact matching followed by propensity score matching, to approx-
imate the covariate balance that would be expected under stratified
randomization. For each resulting matched pair, the unvaccinated
individual was assigned the vaccination date of the matched vacci-
nated individual as their index date; both members of the pair were
required tomeet eligibility on that date. Follow-up began on the index
date and continued until 04/12/2025. Individuals who received a KP.2
COVID-19 vaccine within a given 2-week trial window were excluded
from consideration in later trials, whereas eligible persons who
remained unvaccinated could be included in subsequent trials. (Fig. 1).

Data sources
We drew upon the VHA Corporate Data Warehouse (CDW) and the
COVID-19 shared data resource (CSDR), which compile near-real-time,
EHR data from all VHA sites. These sources contain detailed demo-
graphic, geographic and clinical information, as well as records of ED/
UC visits and hospital admissions. They also capture laboratory-
confirmed SARS-CoV-2 test results and COVID-19 vaccinations admi-
nistered within VHA or documented in the VHA EHR from external
sources. The VHA contributes to the CDC’s Immunization Gateway,
which supplies vaccination records from state and local immunization
information systems, as well as public and private vaccination part-
ners. These vaccination records were available in CDW29.

Centers for Medicare & Medicaid Services (CMS) data through
May 2024 were incorporated to enhance ascertainment of vaccination
history and prior SARS-CoV-2 infection status, although CMS data
capturing outcomes during the study follow-up period were not
available. Information from VHA-purchased community care encoun-
ters was additionally used to supplement baseline comorbidities,
vaccination status, ED/UC visits, and hospitalizations.

Eligibility criteria and study population
Eligible individuals included VHA enrollees ≥18 years of age who were
assigned to a VHAprimary care team andhad a primary care visit in the
12 months prior to the beginning of each 2-week trial. Additionally,
eligible individuals had documentation of blood pressure within
12 months, weight within 5 years and height at any time prior to each
trial. Eligibility was further limited to those with documented resi-
dential address, an assigned VHA Integrated Service Network (VISN,
VHA’s 18 administrative regions30), and evidence of having received at
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least one, earlier-formulation COVID-19 vaccine within the VHA system
at any time in thepast. These criteriawere intended to ensure inclusion
of persons actively engaged in VHA care and with prior access to VHA
vaccination (Fig. 2).

We excluded individuals who had received any COVID-19 vaccine
within the preceding 3 months or a Novavax JN.1 vaccine or a KP.2
COVID-19 vaccine at any time prior to the start of each 2-week trial,
those who tested positive for SARS-CoV-2 in the previous 3 months,
and those who had an inpatient hospitalization within 30 days before
the beginning of each trial.

Matching of unvaccinated to vaccinated individuals
In each 2-week trial, we began by exact-matching every eligible indi-
vidual who received a KP.2 COVID-19 vaccine during that period to all
eligible comparators who remained unvaccinated on the correspond-
ing index date. To reduce the likelihood of failure tomatch, we limited
the exact-matching variables to a small set of characateristics31, known
to be strongly associated with both vaccination uptake and COVID-19
related outcomes among VHA enrollees32–35. These included: age
category (18–64, 65–74, ≥75 years); Care Assessment Needs (CAN)
score36 category (0–50, 51–89,≥90), a validatedVHA-derivedpredictor
of 90-day mortality automatically generated within the EHR37; VISN;
time since most recent COVID-19 vaccine (90–182, 183–364 and
≥365 days prior to the beginning of each 2-week trial); time sincemost
recent SARS-CoV-2 positive test (90–182, 183–364 and ≥365 days or no
documented infection prior to the beginning of each 2-week trial), and
number of primary and specialty outpatient healthcare visits (0–4,
5–8, 9–15, ≥16) (Supplemental Table 1).

Within each exact-matched stratum, we then applied a second
matching step using propensity scores, allowing matches to be made
with replacement. This step was intended to further mitigate residual
confounding and to identify the closest possible comparator for each
vaccinated individual. The propensity scoremodel—constructed using
logistic regression to estimate the probability of receiving vaccination
—incorporated 23 demographic, geographic, health care utilization,
and clinical variables that were prespecified based on their known
association with both vaccination likelihood and study outcomes
(Supplemental Table 1). For each vaccinated individual, we selected for
matching the unvaccinated person with the closest propensity score,
provided the score was within 0.2 standard deviations of the mean
(SDM). To serve as a valid comparator, the unvaccinated individual had
to continue meeting eligibility criteria on the matched index date—
specifically, they needed to be alive, still unvaccinated, and without
evidence of a prior positive SARS-CoV-2 test. This 2-step matching
process was repeated 8 times for each sequential trial, with a distinct
propensity score model generated for each 2-week period.

All covariates were determined based on their updated values as
of the beginning of each 2-week trial. Declined, unknown or missing
race and ethnicity (6.8% and 4.5% respectively) were treated as sepa-
rate categories because they represent meaningful groups37–39.

Outcomes
The study evaluated VE against four primary outcomes. SARS-CoV-2
infection was defined as the first positive, laboratory-confirmed SARS-
CoV-2 test (nucleic acid amplification or antigen test) obtained from a
respiratory specimen beginning 10 days after the index date—an
interval selected because little meaningful protection is expected
earlier—and extending through the end of the follow-up period. SARS-
CoV-2 associated urgent care (UC) or emergencydepartment (ED) visit
was defined as an ED/UC visit within 1 day before or 10 days after the
eligible positive SARS-CoV-2 test together with documentation of ICD-
10 codes for COVID-19 (U07.1, U07.2, J12.82, M35.81, Supplemental
Table 6). SARS-CoV-2 associated hospitalization was defined as hos-
pitalization within 1 day before or 10 days after the eligible positive
SARS-CoV-2 test together with documentation of inpatient ICD-10

codes forCOVID-19. In sensitivity analyseswe identified all ED/UCvisits
or hospitalizationswithin −1 to +10 from thepositive test, or thosewith
associated codes for acute respiratory infection (ARI, Supplemental
Table 7)10 (rather than limiting to thosewith codes forCOVID-19); orwe
limited to ED/UC visits and hospitalizations occurring within ±1 day of
the positive SARS-CoV-2 test. SARS-CoV-2 associated death was
defined as death from any cause within 30 days after the qualifying
positive SARS-CoV-2 test.

Statistical analysis
We evaluated covariate balance after matching using standardized
mean differences (SMDs)40. The primary analytic cohort was limited to
matched pairs in which neither person had a positive SARS-CoV-2 test
during days 0–9 following the index date and both were alive at day 10,
when follow-up commenced. Analyses were conducted with matched
pairs followed up for 60 days (i.e., from day 10 to 70 after index date),
90, 120 or until the end of follow-up on 4/12/2025 (maximum follow-up
232 days). We used a cause-specific Aalen-Johansen estimator which
accounts for thepresenceof death as a competing risk in calculating the
cumulative incidences. VE was calculated as 100 × (1 − risk ratio), with
the risk ratio defined as the ratio of Aalen-Johansen cumulative inci-
dence estimates over the specified follow-up period. Non-SARS-CoV-2-
associated deaths were treated as a competing risk. VE confidence
intervals (95%) were estimated by using a nonparametric percentile
blockedbootstrapwith 500 repetitions.41 Risk differencewas defined as
the difference in cumulative incidence estimates, and its 95% con-
fidence intervals were similarly derived via bootstrap methods.

Anticipating a substantial rate of cross-over from the unvacci-
nated to the vaccinated arm, we performed a per-protocol analysis as
the primary analyses, where unvaccinated comparators were censored
at the time of crossover with application of inverse probability of
censoring weights (IPCW) on a bi-weekly basis42,43. We used the same
baseline and time-varying covariates included in thematching process
as well as calendar time since the start of the study on August 23, 2024
and calendar time squared, updated bi-weekly, with weights estimated
using pooled logistic regression for matched unvaccinated compara-
tors, while matched vaccinated persons had a censoring weight of 1.
We performed two additional sensitivity analyses: a per-protocol
analysiswherematchedpairswere censored at the timeof crossoverof
the unvaccinated individuals and an intention-to-treat analysis, in
which matched unvaccinated individuals who were later vaccinated
after the index date remained analyzed in the unvaccinated group.

Wecompared as a negative outcome control44 the incidence of all-
cause ED/UC visits during days 1–9 days after index date, which should
not be affected by vaccination, to assess for residual confounding or
outcome ascertainment bias. In prespecified subgroup analyses, VE
was estimated by age, CAN score, time since last vaccination and time
since last infection, based on the categories used for exact matching.
We compared 60-day and 90-day VE in the late trials (with enrollment
from 10/28/24 to01/17/25) versus the early trials (with enrollment from
8/23/24 to 10/27/24) to investigate whether any VE waning with time
since vaccination might be explained by VE waning by calendar time.

All analyses were conducted using R software (version 4.4.1) and
packagesMatchIt (version 4.5.5), survival (version 3.7-0), boot (version
1.3-31), and speedglm (version 0.3-5)45.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
Thedata supporting thefindings of this study arenot publicly available
due to the inclusion of identifiable protected health information from
the Veterans Health Administration. Privacy regulations prevent the
open sharing of the individual-level data used in this study and any
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data covered under these regulations cannot be shared. The Veterans
Health Administration may approve the sharing of some study data
after verifying de-identification, though this may not include all final
study data. Each request is subject to approval by the ethics board,
privacy office, and information systems and security office. For such
requests, please contact the corresponding author.

Code availability
The code is available from the corresponding author upon request.
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