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BACKGROUND
Information regarding the protection conferred by vaccination and previous infec-
tion against infection with the B.1.1.529 (omicron) variant of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) is limited.

METHODS
We evaluated the protection conferred by mRNA vaccines and previous infection 
against infection with the omicron variant in two high-risk populations: residents 
and staff in the California state prison system. We used a retrospective cohort 
design to analyze the risk of infection during the omicron wave using data col-
lected from December 24, 2021, through April 14, 2022. Weighted Cox models 
were used to compare the effectiveness (measured as 1 minus the hazard ratio) of 
vaccination and previous infection across combinations of vaccination history 
(stratified according to the number of mRNA doses received) and infection his-
tory (none or infection before or during the period of B.1.617.2 [delta]–variant 
predominance). A secondary analysis used a rolling matched-cohort design to 
evaluate the effectiveness of three vaccine doses as compared with two doses.

RESULTS
Among 59,794 residents and 16,572 staff, the estimated effectiveness of previous 
infection against omicron infection among unvaccinated persons who had been 
infected before or during the period of delta predominance ranged from 16.3% 
(95% confidence interval [CI], 8.1 to 23.7) to 48.9% (95% CI, 41.6 to 55.3). De-
pending on previous infection status, the estimated effectiveness of vaccination 
(relative to being unvaccinated and without previous documented infection) ranged 
from 18.6% (95% CI, 7.7 to 28.1) to 83.2% (95% CI, 77.7 to 87.4) with two vaccine 
doses and from 40.9% (95% CI, 31.9 to 48.7) to 87.9% (95% CI, 76.0 to 93.9) with 
three vaccine doses. Incremental effectiveness estimates of a third (booster) dose 
(relative to two doses) ranged from 25.0% (95% CI, 16.6 to 32.5) to 57.9% (95% 
CI, 48.4 to 65.7) among persons who either had not had previous documented 
infection or had been infected before the period of delta predominance.

CONCLUSIONS
Our findings in two high-risk populations suggest that mRNA vaccination and 
previous infection were effective against omicron infection, with lower estimates 
among those infected before the period of delta predominance. Three vaccine 
doses offered significantly more protection than two doses, including among 
previously infected persons.
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Evidence of the effectiveness of vac-
cines against severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) comes 

largely from studies of the original strain and of 
variants that emerged before the B.1.1.529 (omi-
cron) variant.1-4 Previous infection confers pro-
tection against reinfection,1,5 but both infection-
acquired and vaccine-acquired protection against 
infection wane over time.6-9

Recent studies indicate that vaccinations have 
continued to be effective against hospitalization 
and death10-13 but have had reduced effectiveness 
in protecting against confirmed infection11,14 and 
symptomatic illness10,15,16 with omicron. In some 
studies, estimates of hybrid immunity against 
infection with omicron have been reported.10,14 
However, limited information is available with 
respect to the level of protection conferred by 
vaccine boosters and the timing of previous in-
fection.

We analyzed data from the California Depart-
ment of Corrections and Rehabilitation (CDCR), 
which operates the second largest state prison 
system in the United States. Prisons and jails are 
especially risky congregate settings for corona-
virus disease 2019 (Covid-19), and many large 
outbreaks have occurred in these settings during 
the pandemic.1,17 The CDCR began offering a 
third (booster) mRNA vaccine dose to residents 
and staff in late August 2021; by the end of 2021, 
among persons in the eligible population, 77.9% 
of residents and 40.3% of staff had been vacci-
nated with a booster.18 The omicron variant was 
first identified within the CDCR system among 
assayed positive samples obtained from correc-
tional staff on December 10, 2021. Substantial 
outbreaks occurred shortly thereafter among 
both residents and staff; these outbreaks were 
consistent with the timing of the worldwide 
wave of omicron infection.

We evaluated confirmed SARS-CoV-2 infec-
tions among nearly 60,000 incarcerated persons 
and 17,000 prison staff in California during the 
omicron outbreak period using data collected 
from December 24, 2021, through April 14, 
2022. Our goal was to estimate the levels of 
protection conferred by mRNA vaccines against 
infection according to both the number of doses 
that persons had received and whether they had 
had a previous documented infection before the 
start of the observation period. We also esti-
mated the effectiveness of a third mRNA vaccine 

dose among the persons who had been eligible 
to receive a booster.

Me thods

Study Design and Population

We used a retrospective cohort study design. The 
period of interest was restricted to outbreak 
phases that occurred at each of the 35 prisons in 
the CDCR system between December 24, 2021 
(approximately 2 weeks after the omicron vari-
ant was initially identified within the prison 
system), and April 14, 2022. The CDCR consid-
ered a prison to be in an outbreak phase if three 
of more related cases among residents were de-
tected within a 14-day period at the prison. Dur-
ing the outbreak phases, the prisons imple-
mented modified operations, programs, and 
services for residents and mandatory testing for 
staff to minimize the risk of ongoing Covid-19 
transmission.19,20 The SARS-CoV-2 infections 
that were detected in the prison system and in 
the general population in California during this 
16-week period were dominated by the omicron 
variant.21 Our study analyzed two high-risk 
populations: residents and correctional staff at 
these prisons.

Residents were eligible for inclusion in the 
study cohort if they were incarcerated at the start 
of the outbreak phase at their prison. To focus 
on correctional workers who had the highest 
risk of workplace exposure, staff were eligible 
for inclusion if they worked in custody or health 
care positions (excluding contract employees), if 
they had regular direct contact with residents, if 
they had worked during the first week of the 
outbreak phase at their prison, and if they had 
worked at least half the number of days between 
the start of an outbreak and their data censoring 
date. In addition, to reduce the potential for 
misclassification of previous infection and 
vaccination status, we restricted our study co-
hort to residents who were incarcerated in a 
CDCR prison before January 1, 2021, and staff 
who were employed before January 1, 2021, 
and had worked consistently during 2021 (de-
tails are provided in the Supplementary Appen-
dix, available with the full text of this article 
at NEJM.org).

Next, residents and staff who met the above 
criteria were excluded if they had received the 
adenovirus vector–based vaccine Ad26.COV2.S 
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(Johnson & Johnson–Janssen), if they had re-
ceived only one mRNA vaccine dose, if they had 
received an unknown vaccine or a vaccine that 
was not approved or authorized by the Food and 
Drug Administration, if they had inconsistencies 
regarding vaccination dates, if they had off-
schedule vaccination,22 if they had incomplete 
demographic data, or if the prison where they 
were housed or where they worked was not 
known. To avoid possible misclassification of 
reinfections, we excluded persons who had had 
a recent SARS-CoV-2 infection (i.e., persons who 
had had an infection that was first detected ≤90 
days before the start of the outbreak phase at 
their prison or persons who continued to test 
positive ≤30 days before the start of the outbreak 
phase). The observation time began on the start 
date of the outbreak and ended on the earliest of 
the following time points: the day that the 
sample from a positive test was obtained, the 
day before new vaccination, or the day before 
transfer (for residents) or a work-shift change 
(for staff) to a different prison.

Data Collection and Key Measures

CDCR collects and stores deidentified data on 
all residents and staff on a daily basis. For resi-
dents, detailed information from reverse-tran-
scriptase–polymerase-chain-reaction (RT-PCR) 
and antigen SARS-CoV-2 testing came from a 
multilayered, voluntary testing program (in which 
99.9% of the tests performed were RT-PCR as-
says) that included risk-based routine testing, 
surveillance testing, and testing in response 
to detected outbreaks (see Table S1 in the 
Supplementary Appendix). During outbreaks, 
all staff were tested at least once weekly 
through a mandatory RT-PCR testing program, 
and staff who worked in prison health care 
facilities were tested at least twice weekly.23 
All staff could undergo testing voluntarily, 
and close contacts with active cases triggered 
a compulsory test.24 By January 1, 2022, more 
than half the prisons had entered an outbreak 
phase, with the phase of the last prison com-
mencing on January 18, 2022.

All tests and vaccinations that were adminis-
tered by or reported to the CDCR since March 
2020 were used to derive each person’s previous 
infection status and vaccination status. We de-
fined a previous SARS-CoV-2 infection by the 
presence of at least one positive test in the 

CDCR records before the start of the observa-
tion period. Previous infections were categorized 
according to whether they occurred before July 
1, 2021, which reflected the period before the 
emergence of the B.1.617.2 (delta) variant, or 
whether they occurred on or after July 1, 2021, 
which corresponded to the period of high 
prevalence of the delta variant.1,21 Persons in-
fected during both periods were assigned to the 
latter period.

In addition to detailed information on testing 
and vaccination (e.g., dates and vaccine brand), 
the study data included demographic character-
istics of the cohort members (sex or gender 
identity, age, and race or ethnic group), carceral 
characteristics of the residents (prison, room 
type, and security level), and carceral character-
istics of the staff (prison and type of position). 
For residents, a documented history of 17 pos-
sible coexisting conditions (e.g., hypertension, 
chronic kidney disease, and asthma) and a com-
posite risk score designed by the CDCR to grade 
the risk of severe illness from SARS-CoV-2 infec-
tion (see Table S2) were provided. Risk scores 
were top-coded to a score of 2 in accordance 
with the CDCR definition of residents at moderate 
to high risk. Residents with scores of 2 or higher 
were younger than 65 years of age with coexist-
ing conditions or were 65 years of age or older. 
This risk score was used to guide Covid-19 miti-
gation policies, including those involving vac-
cination, testing, and housing. Information on 
severe outcomes of infection (i.e., hospitaliza-
tion and death) was available only for residents.

Study Oversight

The study was approved by the institutional re-
view board at Stanford University. Results are 
reported in accordance with STROBE (Strength-
ening the Reporting of Observational Studies 
in Epidemiology) guidelines25; a checklist of 
STROBE recommendations is provided in the 
Supplementary Appendix. The authors vouch for 
the accuracy and completeness of the data.

Statistical Analysis

The goal of our analysis was to estimate the ef-
fectiveness of vaccination and previous infection 
against omicron infection. In our primary analy-
sis, we used multivariate Cox models to examine 
the incidence of confirmed infections in groups 
defined according to combinations of vaccina-
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tion and previous infection histories during the 
relevant omicron outbreak phase. The models 
allowed the baseline hazard to vary according to 
prison. We used inverse-probability weighting 
to reduce the effects of confounding due to dif-
ferences in baseline characteristics among co-
hort members. Covariate-balancing propensity 
scores26 were calculated according to demo-
graphic, clinical, and carceral characteristics. 
Specifically, residents were weighted according 
to prison, Covid-19 risk score (0, 1, or ≥2), room 
type (cell or dormitory), sex (male or female), 
and age (as a continuous variable). Staff were 
weighted according to prison, position (custody 
or health care), age group (18 to 39, 40 to 54, or 
≥55 years), and gender identity (man or woman); 
details are provided in Section 3.1 in the Sup-
plementary Appendix. Stabilized weights were 
trimmed to reduce instability and bias from ex-
treme scores.27

We estimated vaccine- and infection-acquired 
protection with a set of indicator variables that 
described combinations of vaccination and pre-
vious infection status. Effectiveness was ex-
pressed as a percent reduction in the hazard rate 
of omicron infection relative to the group that 
had not had previous documented infection or 
been vaccinated (measured as 1 minus the haz-
ard ratio). We also repeated the analyses using a 
modified set of indicators to estimate the addi-
tional effectiveness of three doses of vaccine as 
compared with two doses. We calculated 95% 
confidence intervals using standard errors clus-
tered according to prison. Analyses were not ad-
justed for multiple comparisons. We report the 
results for residents and staff separately.

The approach that was used in our primary 
analysis, described above, enabled the estima-
tion and comparison of infection risks across 
various strata that were defined according to 
combinations of vaccination and previous infec-
tion histories. However, we hypothesized that an 
alternative study design — a rolling matched-
cohort design28 — might be better suited to 
controlling for potential confounding when esti-
mating vaccine effectiveness within each previous-
infection stratum. Instead of weighting expo-
sure groups on the basis of characteristics at the 
start of the omicron outbreak, as in our primary 
analysis, this alternative approach matched 
boosted persons with persons who had been 
eligible for a booster but had been vaccinated 

with only two doses. Persons were matched on 
the basis of previous infection status and other 
covariates relevant to vaccination according to 
the date that the boosted person was vaccinated 
with the third dose. Details are provided in Sec-
tion 3.2 in the Supplementary Appendix. In this 
secondary analysis, Cox models were used to 
estimate the association between vaccination 
status (two doses or three doses) and omicron 
infection according to previous infection status. 
These models allowed the baseline hazard to 
vary according to prison, with adjustment for 
calendar week.

We performed five sets of sensitivity analyses. 
In the first set, we assessed the sensitivity of the 
results from our primary analysis to extreme 
weights by comparing estimates from a range of 
analyses that varied the extent to which large 
weights were trimmed downward. In the second 
set, we modified the primary analysis to adjust 
for the type of mRNA vaccine (BNT162b2 [Pfizer–
BioNTech], mRNA-1273 [Moderna], or both). In 
the third set, we examined the sensitivity of es-
timates to our specification of reinfections by 
narrowing the exclusion criterion regarding re-
cent infections, whereby the maximum number 
of days between the date that an infection was 
first detected and the start of the outbreak phase 
was shortened from 90 days to 30 days. In the 
fourth set, given that our primary analysis in-
cluded both persons who had been eligible for 
boosters and those who had not been eligible, 
we excluded tests from persons who had been 
vaccinated with two doses but were not yet eli-
gible for a third dose. In the fifth set of sensitiv-
ity analyses, to assess the sensitivity of our pro-
pensity-score model, we expanded the set of 
demographic and carceral characteristics that 
had previously been identified as being predic-
tive of vaccine acceptance among incarcerated 
persons and staff.29,30

All the analyses were performed with the use 
of R software, version 3.5.2 (R Foundation for 
Statistical Computing). Additional details regard-
ing model and variable specifications are pro-
vided in the Supplementary Appendix.

R esult s

Study Population

The weighted characteristics of the study popu-
lation at baseline are shown in Table 1. Among 
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59,794 residents who met the inclusion criteria 
for the study cohort, 16.7% tested positive dur-
ing the study period, and among 16,572 staff 
who met the inclusion criteria, 30.3% tested 
positive during the study period (Fig. 1 and Ta-
ble S4). The persons who were included in the 
study cohort were broadly representative of the 
overall population of residents who were incar-
cerated at any point during the study period and 
the overall population of staff who worked at 
any time during the study period (Table S3). The 
mean (±SD) number of times per week that per-
sons were tested was 0.6±0.6 among residents 

and 1.5±1.0 among staff (Fig. 2 and Fig. S2). A 
total of 96 hospitalizations and 1 death that 
were assessed as being related to SARS-CoV-2 
infection were documented among residents. 
Data on hospitalizations and deaths were not 
available for staff.

Nearly half the residents and one third of 
the staff had previous confirmed infections, 
most of which had occurred before the delta 
variant became the dominant strain (Fig.  3). 
Among residents, the median interval between 
the start of their last infection and the start of 
the outbreak phase in their prison was 393 days 

Figure 1. Study Population.

The Ad26.COV2.S vaccine, an adenovirus vector–based vaccine, was developed by Johnson & Johnson–Janssen. The delta variant is also 
known as B.1.617.2.

104,661 Residents were incarcerated at any point
during outbreak periods

ResidentsA StaffB

37,495 Custody or health care staff worked
at least one shift during outbreak periods

59,794 Residents were included in the study cohort
32,645 Did not have known previous infections

7,371 Were unvaccinated
8,018 Were vaccinated with two mRNA doses

17,256 Were vaccinated with three mRNA doses
26,756 Had infection before the emergence of the 

delta variant (before July 1, 2021)
3,825 Were unvaccinated
5,614 Were vaccinated with two mRNA doses

17,317 Were vaccinated with three mRNA doses
393 Had infection during the period of delta pre-

dominance (July 1 to November 30, 2021)
123 Were unvaccinated
117 Were vaccinated with two mRNA doses
153 Were vaccinated with three mRNA doses

44,867 Were excluded
22,620 Were first incarcerated in 2021

988 Were first incarcerated after
the start of the outbreak

604 Were recently infected
5,939 Were vaccinated with the

Ad26.COV2.S vaccine
141 Were vaccinated with un-

known vaccines
1,533 Were vaccinated with only

one mRNA dose
13,025 Had off-schedule vaccinations

14 Had inconsistencies regarding
vaccination dates

3 Had missing demographic
information or were housed in
an unknown prison

16,572 Staff were included in the study cohort
11,098 Did not have known previous infections

2,690 Were unvaccinated
5,136 Were vaccinated with two mRNA doses
3,272 Were vaccinated with three mRNA doses

4,437 Had infection before the emergence of the 
delta variant (before July 1, 2021)

1,683 Were unvaccinated
2,071 Were vaccinated with two mRNA doses

683 Were vaccinated with three mRNA doses
1,037 Had infection during the period of delta pre-

dominance (July 1 to November 30, 2021)
588 Were unvaccinated
365 Were vaccinated with two mRNA doses
84 Were vaccinated with three mRNA doses

20,923 Were excluded
12,565 Started working in 2021 or

worked fewer than half the
number of days in 2021

4,277 Worked fewer than half the
number of days between the
outbreak start and the cen-
soring date

940 Did not work during the first
week of the outbreak period

938 Were recently infected
1,859 Were vaccinated with the

Ad26.COV2.S vaccine
20 Were vaccinated with un-

known vaccines
225 Were vaccinated with only one

mRNA dose
90 Had off-schedule vaccinations
4 Had inconsistencies regarding

vaccination dates
5 Had inconsistencies regarding

demographic information
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(interquartile range, 372 to 435); among staff, 
the median interval was 367 days (interquartile 
range, 163 to 400).

Among persons who had received two vac-
cine doses only, the median time since receipt 
of the second dose was 246 days (interquartile 
range, 127 to 294) for residents and 205 days 
(interquartile range, 90 to 324) for staff. Among 
those who had received three doses, the medi-
an time since receipt of the third dose was 35 
days (interquartile range, 27 to 48) for residents 
and 37 days (interquartile range, 13 to 55) for 
staff.

Effectiveness of Vaccination and Previous 
Infection against Omicron Infection

Within the resident population, the estimated 
effectiveness (measured as 1 minus the hazard 
ratio) of vaccination against confirmed SARS-
CoV-2 infection during the period of omicron 
predominance among persons who had not had 
known previous infection was 18.6% (95% con-
fidence interval [CI], 7.7 to 28.1) for those who 
had received only two vaccine doses and 40.9% 
(95% CI, 31.9 to 48.7) for those who had re-
ceived three doses (Fig. 4). Among the residents 
who had not been vaccinated, the estimated in-
fection-conferred effectiveness against infection 
was 27.5% (95% CI, 14.8 to 38.4) among persons 
who had been infected before the period of delta 
predominance and 38.3% (95% CI, 6.5 to 59.3) 
among those who had been infected during the 
period of delta predominance. Among the resi-
dents who had been infected before the period 
of delta predominance, the estimated effective-
ness of vaccination was 51.2% (95% CI, 41.5 to 
59.2) with two vaccine doses and 57.7% (95% CI, 
50.8 to 63.6) with three doses; among those in-
fected during the period of delta predominance, 
the estimated effectiveness was 68.7% (95% CI, 
38.5 to 84.1) and 84.6% (95% CI, 70.7 to 91.9), 
respectively.

Analyses of data from residents and staff 
produced estimates that indicated that the rela-
tive levels of effectiveness from vaccination and 
previous infection were generally consistent 
(Fig. 4 and Table S5A). However, the estimated 
levels of effectiveness from vaccination among 
staff who had not had known previous infection 
were higher than those among residents without 
known previous infection, with estimates of 

40.1% (95% CI, 34.0 to 45.6) among staff who 
had received two vaccine doses and 72.1% (95% 
CI, 67.2 to 76.2) among those who had received 
three doses.

Among the staff who had not been vaccinat-
ed, the estimated effectiveness of infection that 

Figure 2. Testing and Cases in the Study Cohort.

The upper graphs of Panels A and B show the daily numbers and percent-
ages of residents and staff who underwent testing for severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) and who had a positive test re-
sult. There was reduced staff testing on federal holidays. The lower graphs 
of Panels A and B show the daily numbers of positive cases of coronavirus 
disease 2019 (Covid-19). Testing and case series were extended over the 
historical period that began 2.5 months before the start of the study period.
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had occurred before the period of delta pre-
dominance was 16.3% (95% CI, 8.1 to 23.7), and 
the estimated effectiveness of infection that had 
occurred during the period of delta predomi-
nance was 48.9% (95% CI, 41.6 to 55.3). Among 
the staff who had been infected before the period 
of delta predominance, the estimated effective-
ness of vaccination was 55.8% (95% CI, 49.6 to 
61.2) with two doses and 77.6% (95% CI, 71.7 to 
82.2) with three doses; among those infected 
during the period of delta predominance, the 

estimated effectiveness was 83.2% (95% CI, 77.7 
to 87.4) and 87.9% (95% CI, 76.0 to 93.9), respec-
tively.

Effectiveness of a Third Dose among 
Booster-Eligible Persons

In our primary analysis, protection against in-
fection was estimated relative to an individual 
person’s status at the start of the outbreak 
phase, and the analysis included both persons 
who had been eligible to receive a booster and 
those who had not been eligible to receive a 
booster. In this analysis, the estimated effective-
ness of a third dose, as compared with two 
doses, among residents who were eligible to re-
ceive a booster was 27.4% (95% CI, 19.9 to 34.2) 
among those who had not had known previous 
infection, 13.3% (95% CI, 3.2 to 22.3) among 
those who had been infected before the period 
of delta predominance, and 50.7% (95% CI, 
−42.0 to 82.9) among those who had been in-
fected during the period of delta predominance. 
Among staff, the estimated effectiveness of a 
third dose was 53.4% (95% CI, 46.7 to 59.3) 
among those who had not had known previous 
infection, 49.2% (95% CI, 35.0 to 60.3) among 
those who had been infected before the period 
of delta predominance, and 28.0% (95% CI, 
−33.0 to 61.0) among those who had been in-
fected during the period of delta predominance.

In our secondary analysis, in which boosted 
persons were matched according to the date of 
vaccination with the third dose with controls 
who had been eligible for a third dose but had 
not received a third dose, the estimated incre-
mental effectiveness of the third dose among 
residents was 25.0% (95% CI, 16.6 to 32.5) among 
those who had not had known previous infection 
and 46.4% (95% CI, 38.3 to 53.4) among those 
who had been infected before the period of delta 
predominance (Table S5B). Among staff, the es-
timated incremental effectiveness of the third 
dose was 57.9% (95% CI, 48.4 to 65.7) among 
those who had not had known previous infec-
tion and 57.7% (95% CI, 46.2 to 66.7) among 
those who had been infected before the period 
of delta predominance. Incremental effective-
ness could not be estimated for persons infected 
during the period of delta predominance be-
cause no infections were documented among 
those who had received a third dose.

Figure 3. Vaccination and Previous Infection Status of the Study Cohort 
over Time.

The California Department of Corrections and Rehabilitation began their 
vaccination program for the mRNA primary series at the end of 2020 and 
began offering boosters at the end of August 2021. A high incidence of pre-
vious infection was detected in the study cohort during periods of high in-
cidence of Covid-19 in the general population in California.
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Sensitivity Analyses

Estimates that were derived with the use of 
untrimmed weights and weights with higher 
degrees of trimming were not appreciably differ-
ent from those of the primary analysis, nor were 
estimates that were derived from alternative 
model specifications that were adjusted for the 
type of mRNA vaccine. Analyses of the expanded 
sample that included more recent previous infec-
tions produced slightly higher estimates of ef-

fectiveness than those of the primary analysis 
among persons whose previous infection oc-
curred during the period of delta predominance. 
When persons who had not been eligible for a 
third dose were excluded, the estimates of ef-
fectiveness were slightly lower than those of the 
primary analysis among persons who had been 
vaccinated with two doses. Estimates that were 
derived with the use of the propensity-score 
model in which an expanded set of covariates 

Figure 4. Adjusted Estimates of Effectiveness of Vaccination and Previous Infection against Omicron Infection among Residents and Staff 
in California State Prisons.

Shown are unadjusted case counts, total counts, and adjusted estimates of the effectiveness of vaccination and previous infection 
against omicron infection outbreaks that occurred between December 24, 2021, and April 14, 2022. Persons who had been vaccinated 
had received two or three doses of mRNA vaccines only. The red squares denote residents, and the blue squares denote staff. I bars de-
note 95% confidence intervals.
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was included produced estimates of effective-
ness that were similar to those of the primary 
analysis. The results of the sensitivity analyses 
are provided in Tables S5A, S5C, S5D, and S5E.

Discussion

This study involving two high-risk populations 
evaluated the effectiveness of two or three doses 
of BNT162b2 and mRNA-1273 vaccines, and of 
previous infection before and during the period 
of delta predominance, in reducing the risk of 
infection with the SARS-CoV-2 omicron variant. 
Our findings add to the evidence base for vac-
cine effectiveness and immunity conferred by 
previous infection by providing estimates of ef-
fectiveness that were specific to different combi-
nations of vaccination and previous infection 
histories. These estimates were based on two 
vulnerable populations in which reliable ascer-
tainment of infection during the study period 
was likely, owing to high levels of testing.

Vaccination with three mRNA doses was as-
sociated with a reduced risk of infection with 
the omicron variant. Our estimates among per-
sons who had not had known previous infection 
were similar to those of a convenience-sample 
study of the effectiveness of two or three mRNA-
1273 doses involving data from a health care 
system that serves southern California.11 A co-
hort study that was conducted with the use of 
data from a health care system that serves Con-
necticut did not show significant additional 
protection from vaccination with a third dose 
among persons with previous infection.14 Our 
primary analysis included both persons who had 
been eligible to receive a third dose and those 
who had not been eligible to receive a third dose, 
an approach that potentially biased estimates of 
the effectiveness of a third dose downward. The 
higher risk of infection among persons who had 
received two or fewer vaccine doses could have 
induced selection bias if the most susceptible 
persons had been infected during the period 
before omicron predominance, which would 
also have biased estimates of effectiveness 
downward. As expected, the estimates of effec-
tiveness were similar but slightly higher in the 
secondary analysis than in the primary analysis; 
the secondary analysis used an alternative de-

sign that probably corrected for these biases 
more effectively and provided estimates among 
persons who survived long enough to become 
eligible for a third dose. However, the conserva-
tive estimates from the primary analysis, as well 
as those from the secondary and sensitivity 
analyses, all indicate substantial, additional pro-
tection from a third mRNA dose against con-
firmed infection, irrespective of previous infec-
tion history. Our findings suggest that a third 
dose is beneficial, even in persons with previous 
confirmed infection.

The absolute levels of effectiveness against 
infection in our study are substantially lower 
than those estimated in earlier studies8,31-33 that 
were conducted before the omicron outbreaks 
occurred; furthermore, we observed that the es-
timated protection conferred by previous infec-
tion varied substantially with respect to timing, 
with considerably lower estimates among per-
sons infected before the emergence of the delta 
variant. We estimated that vaccination augment-
ed protection among persons who had had pre-
vious infection, a finding that is consistent with 
findings reported in other studies.11,14 Three 
doses of vaccine in combination with previous 
infection resulted in the highest estimates of ef-
fectiveness, and these levels approached those 
reported in studies involving vaccination with 
the primary series that were conducted before 
the occurrence of the omicron outbreaks.

For several combinations of exposure history, 
the resident population had lower estimates of 
effectiveness than the staff population. Although 
the CDCR has implemented an extensive testing 
program in both populations, testing among 
residents was neither routine nor compulsory. 
Undetected previous infections could have con-
tributed to dilution of the estimates of effective-
ness among residents, as could underascertain-
ment of infections during the study period. Staff 
also have a greater ability to engage in protective 
behaviors, such as masking and social distanc-
ing, both at work and outside of work. Staff who 
remained uninfected before the emergence of 
the omicron variant may reflect a subpopula-
tion that engages in a higher degree of protec-
tive behavior; this situation could also explain 
some of the differences between population es-
timates.
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In this study, vaccine effectiveness was exam-
ined in the context of information about infec-
tion- and vaccine-acquired immunity against the 
omicron variant and information about the tim-
ing of previous infections. The study has nota-
ble strengths. First, we used detailed daily in-
formation regarding vaccination status and key 
Covid-19 outcomes for each member of the 
high-risk populations studied. These data al-
lowed us to adjust for key potential confounders, 
as well as for demographic and exposure-related 
characteristics. Second, the large sample sizes of 
the two distinct populations enabled relatively 
high precision in our estimates, and the fact that 
estimates of the relative levels of effectiveness 
across the two populations were similar is no-
table despite the differences between the popu-
lations with respect to living situations, testing 
programs, and demographic characteristics.

Our study also has several limitations. Al-
though a variety of covariates — including those 
related to vaccine acceptance and the risk of 
previous infection — were used to balance base-
line characteristics, residual confounding could 
remain. Vaccine uptake and the occurrence of 
previous infections varied between residents and 
staff. Differences in infection risks between the 
two populations may in part reflect complex 
interactions of vaccine and previous infection 
levels and timing. Furthermore, the CDCR con-
ducted limited viral sequencing and molecular 
testing, so we cannot disentangle the effects of 
variants from temporal waning, nor can we con-
firm that all cases that were observed during the 
study period were omicron infections.

Distinct testing programs and exposures for 
residents and staff during the study period may 
also have introduced confounding, although 
several results provide reassurances. First, al-
though staff testing was inconsistent across vac-
cination and previous infection statuses, nearly 
all staff were tested at least once weekly (range 
of means, 0.9 to 2.0 tests per week), which pro-
vided relatively complete case detection. Second, 
although testing for residents was not routine, 
random, or compulsory, testing was relatively 
consistent across vaccination and previous infec-
tion statuses (range of means, 0.5 to 0.7 tests 
per week). Third, it is important to note that the 
consistency between the relative levels of effec-

tiveness in the stratified analyses in these two 
populations provides some confidence that bias 
related to variation in testing practices may not 
be of major concern.

Several additional limitations warrant men-
tion. Our estimates of effectiveness focused on 
confirmed infections and not on other impor-
tant outcomes such as symptomatic infections 
or severe disease. The incidence of hospitaliza-
tion and death in our sample was too low to 
support rigorous analysis of those outcomes ac-
cording to the combinations of vaccine and 
previous infection histories analyzed, and symp-
tom reporting was unreliable during the study 
period.34 In the secondary analysis, we were also 
unable to estimate the effectiveness of a third 
dose among persons who had had infection dur-
ing the period of delta predominance. Finally, 
the generalizability of our results to jails, other 
prisons, other high-risk populations (e.g., residents 
of nursing homes and health care workers), and 
lower-risk populations is unknown.

The findings from this study suggest that, 
although mRNA vaccines and previous infection 
provide less protection against infection with 
the omicron variant than they did against earlier 
variants, boosters continue to provide substan-
tial additional effectiveness, including among 
previously infected persons. Continued empha-
sis on vaccination and other ongoing mitigation 
practices is essential in preventing transmission, 
especially in highly vulnerable populations that 
have already borne a disproportionately large 
burden of disease and disruption during the 
Covid-19 pandemic.
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