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Abstract

IMPORTANCE Prisons and jails are high-risk environments for COVID-19. Vaccination levels among
workers in many such settings remain markedly lower than those of residents and members of
surrounding communities. The situation is troubling because prison staff are a key vector for
COVID-19 transmission.

OBJECTIVE To assess patterns and timing of staff vaccination in California state prisons and identify
individual-level and community-level factors associated with remaining unvaccinated.

DESIGN, SETTING, AND PARTICIPANTS This cohort study used data from December 22, 2020,
through June 30, 2021, to quantify the fractions of staff and incarcerated residents who remained
unvaccinated among 23 472 custody and 7617 health care staff who worked in roles requiring direct
contact with residents at 33 of the 35 prisons operated by the California Department of Corrections
and Rehabilitation. Multivariable probit regressions assessed demographic, community, and peer
factors associated with staff vaccination uptake.

MAIN OUTCOMES AND MEASURES Remaining unvaccinated throughout the study period.

RESULTS Of 23 472 custody staff, 3751 (16%) were women, and 1454 (6%) were Asian/Pacific
Islander individuals, 1571 (7%) Black individuals, 9008 (38%) Hispanic individuals, and 6666 (28%)
White individuals. Of 7617 health care staff, 5434 (71%) were women, and 2148 (28%) were Asian/
Pacific Islander individuals, 1201 (16%) Black individuals, 1409 (18%) Hispanic individuals, and 1771
(23%) White individuals. A total of 6103 custody staff (26%) and 3961 health care staff (52%)
received 1 or more doses of a COVID-19 vaccine during the first 2 months vaccines were offered, but
vaccination rates stagnated thereafter. By June 30, 2021, 14 317 custody staff (61%) and 2819 health
care staff (37%) remained unvaccinated. In adjusted analyses, remaining unvaccinated was positively
associated with younger age (custody staff: age, 18-29 years vs �60 years, 75% [95% CI, 73%-76%]
vs 45% [95% CI, 42%-48%]; health care staff: 52% [95% CI, 48%-56%] vs 29% [95% CI,
27%-32%]), prior COVID-19 infection (custody staff: 67% [95% CI, 66%-68%] vs 59% [95% CI,
59%-60%]; health care staff: 44% [95% CI, 42%-47%] vs 36% [95% CI, 36%-36%]), residing in a
community with relatively low rates of vaccination (custody staff: 75th vs 25th percentile:, 63%
[95% CI, 62%-63%] vs 60% [95% CI, 59%-60%]; health care staff: 40% [95% CI, 39%-41%] vs 34%
[95% CI, 33%-35%]), and sharing shifts with coworkers who had relatively low rates of vaccination
(custody staff: 75th vs 25th percentile, 64% [95% CI, 62%-66%] vs 59% [95% CI, 57%-61%]; health
care staff: 38% [95% CI, 36%-41%] vs 35% [95% CI, 31%-39%]).

CONCLUSIONS AND RELEVANCE This cohort study of California state prison custody and health
care staff found that vaccination uptake plateaued at levels that posed ongoing risks of further
outbreaks in the prisons and continuing transmission from prisons to surrounding communities.
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Abstract (continued)

Prison staff decisions to forgo vaccination appear to be multifactorial, and vaccine mandates may be
necessary to achieve adequate levels of immunity in this high-risk setting.

JAMA Health Forum. 2022;3(3):e220099. doi:10.1001/jamahealthforum.2022.0099

Introduction

Prisons and jails are particularly high-risk environments for COVID-19. Since the pandemic began,
there have been more than 550 000 COVID-19 cases among residents and staff in carceral settings
in the US and nearly 3000 deaths, and infection rates among residents are 4 to 5 times higher than
those in the general community.1-5 In California state prisons, approximately 1 in 4 residents has had
COVID-19, and 241 have died.6,7 Correctional staff who socially mix in the communities where they
live and also have direct contact with prison residents are likely to be a significant source of
introduction of SARS-CoV-2 infection into prisons.4,8

Beginning in December 2020, California prioritized prison residents and employees for
receiving COVID-19 vaccination. By mid-October 2021, 23% of California’s inmates remained
unvaccinated, whereas almost 40% of all of California’s prison staff remained unvaccinated.9

Nationally, COVID-19 vaccine coverage rates among prison staff have been lower than rates in the
wider community. To redress this situation, the federal government and several states, including
California, have attempted to implement mandates, prompting staff resignations and lawsuits that
have forestalled implementation of these requirements.10-12

Vaccine hesitancy among workers in high-risk settings, like prisons, is not well understood. We
analyzed the uptake of COVID-19 vaccination among more than 31 000 staff whose jobs put them in
direct contact with California’s state prison residents. The goal was to describe patterns of
vaccination in this population and identify individual and workplace characteristics associated with
low vaccine uptake.

Methods

Data
The California Department of Corrections and Rehabilitation (CDCR) provided anonymized
person-day level data for this cohort study. The data included comprehensive information on CDCR-
performed or self-reported polymerase chain reaction and antigen testing and vaccination for prison
staff and residents (January 1, 2020, through June 30, 2021), plus information on incident cases
among residents through September 25, 2021. The staff data also included information on
demographic characteristics, zip code of residence, and shifts that staff members worked at which
prison. Statistics on SARS-CoV-2 infection by zip codes came from California Department of Public
Health data. The institutional review board of Stanford University approved the study, and informed
consent was waived because of the use of deidentified data. This study followed the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) reporting guidelines for
cohort studies.

Study Sample
The study focused on correctional staff who worked in CDCR prisons during a 191-day period from
December 22, 2020, when vaccination was first offered to staff, through June 30, 2021. The study
period ended before proposals for and debate regarding mandatory vaccination for prison staff
flared in California and before the delta and omicron variant surges (eAppendix in the Supplement).
We restricted the analytic sample to staff who worked 5 or more shifts between April 1, 2021 (by
which time vaccination was available for any staff member who wanted to receive it) and June 30,
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2021, were employed with a designation of custody or health care (excluding contract employees),
and worked in roles that involved direct contact with residents (direct care). Two of CDCR’s 35
prisons were excluded because of missing or incomplete staff data. Staff with missing values for
variables of interest (<1% of those who met the previously described eligibility criteria) were
excluded.

Variables
The outcome of interest in the primary analyses was an indicator variable that denoted staff who had
not been vaccinated by the end of the study period. We also analyzed the subgroup of staff who had
neither been vaccinated nor had a history of SARS-CoV-2 infection.

Two variables allowed us to focus the analyses on direct care staff. First, CDCR’s main position
designation identified 2 large groupings of staff whose positions typically involve face-to-face
contact with residents: custody and health care staff. Second, a direct care variable permitted further
narrowing to staff with regular direct contact with residents. These inclusion criteria were developed
through extensive consultation with CDCR officials.

Being unvaccinated was defined as having received no doses of a COVID-19 vaccine. No history
of SARS-CoV-2 infection was defined as having no confirmed positive result from a polymerase chain
reaction or antigen test before June 30, 2021. Notably, 402 vaccinated staff (3%) in the study sample
had a first positive test result after vaccination. The CDCR’s staff testing program has involved a
combination of mandatory and voluntary testing; most of the testing has been routinely performed
by CDCR itself, although CDCR employees are required to provide information about any positive test
results, and self-reported results were included in the data. We were unable to identify self-report
tests with confidence because of incomplete or miscoded data. Based on conversations with CDCR
staff, the number of outside test results in the data was very small, especially during the study period.
The CDCR’s resident testing program comprises routine risk-based and surveillance testing and
testing in response to detected outbreaks.13,14

The demographic information on staff members included age group, self-reported racial or
ethnic group, sex, recorded zip code of residence, and whether the individual had any history of
SARS-CoV-2 infection. To explore the association between staff members’ vaccination status and 2
potential environmental factors, lack of vaccination uptake in communities where they lived and
among fellow workers, we created 2 additional variables. First, we used the California Department of
Public Health area-level data to calculate the cumulative fraction of unvaccinated individuals aged
20 to 64 years old on June 1, 2021, in the most recent zip code in which each staff member resided
(see eTable 1 in the Supplement for counts of included zip codes by prison). Second, we calculated
the proportion of unvaccinated coworkers who worked in the same job classification (custody or
health care) on the same shift, day, and prison as the staff member being analyzed. This variable was
a composite, cross-sectional measure created by assigning a weight to each staff person’s coworkers
based on the total number of shifts worked together during the study period while either vaccinated
(received �1 dose of vaccine) or unvaccinated (eAppendix in the Supplement).

Statistical Analysis
We plotted vaccination uptake and detected prior infection among custody and health care staff
(separately) during the study period. Next, for each prison, we compared the proportions of staff and
residents who remained unvaccinated at the end of the study period. We repeated this approach,
comparing proportions and examining cumulative risk, after redefining the vulnerable groups of
interest to include staff and residents, respectively, who were neither vaccinated nor had a history of
prior detected infection by the end of the study period.

Finally, to identify characteristics of staff members who remained unvaccinated, we fit staff-
level multivariable probit regression models (1 each for custody and health care staff). The outcome
variable in these models was remaining unvaccinated at the end of the study period. The control
variables included race and ethnicity, age group, sex, detected infection at any time before
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vaccination (including before the study period), and the variables constructed to measure levels of
nonvaccination in each staff member’s residential neighborhood and shift cohort, as described
previously. We also included an indicator of the most-worked shift (night, day, or swing), the number
of shifts worked during the study period, and the average number of shifts worked per week, as well
as a prison fixed effect, indicating the prison where a staff member worked most.

Results from the multivariable analyses are reported as the predicted probabilities that staff
members in the groups of interest remained unvaccinated through June 30, 2021. These predicted
probabilities indicate the average predicted values for all cases obtained by holding 1 variable at a
fixed value and all other independent variables at their observed values. For the continuous variables
that measured the proportion of unvaccinated individuals in residential zip codes and the shift
cohorts, we report predicted values at the 25th, 50th, and 75th percentile of the distributions for
custody and health care staff, respectively. All analyses were performed using Stata, version 16.1
(StataCorp).

Results

Prevalence of Vaccination and Prior Infection
Uptake of COVID-19 vaccination among staff was brisk initially but plateaued within a couple of
months. Figure 1 shows that from December 22, 2020, through February 15, 2021, coverage with at
least 1 vaccine dose increased from 0% to 26% for custody staff and 0% to 52% for health care staff.
Thereafter, the pace of vaccination coverage slowed, reaching 39% for custody staff and 64% for
health care staff by June 30, 2021. Figure 1 also shows that the surge in COVID-19 cases during the
winter of 2020 to 2021 was associated with substantial increases in the cumulative prevalence of
confirmed COVID-19 cases among staff. Through December 22, 2020, CDCR had previously detected
COVID-19 in 5% of the custody staff in the study sample and 2% of health care staff; by June 30, 2021,

Figure 1. Cumulative Vaccination and COVID-19 Infection for Custody and Health Care Staff
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these proportions had increased to 27% and 12%, respectively. A total of 16 789 unvaccinated
custody staff (72%) and 6550 unvaccinated health care staff (88%) had no recorded history of SARS-
CoV-2 infection (eFigures 1 and 2 in the Supplement reproduce the information shown in Figure 1 for
each prison).

Thus, 14 369 custody staff (61%) and 2822 health care staff (37%) remained unvaccinated at
the end of the study period. These proportions varied widely across the 33 prisons in the sample,
from 37% to 86% among custody staff and 26% to 79% among health care staff. Figure 2A and B
plot these proportions against proportions of unvaccinated residents (eTable 2 in the Supplement).
Coverage among custody staff was lower than coverage among residents in every prison; this
decrement ranged from 17 to 60 percentage points. Coverage among health care staff was lower
than coverage among residents in all but 1 prison, with decrements ranging from to 1 to 48
percentage points. Prisons that had higher proportions of unvaccinated custody staff also tended to
have higher proportions of unvaccinated health care staff (Spearman ρ, 0.57; P = .01).

The cumulative proportion of residents at each prison who became infected during the 3
months following the study period ranged from 0% to 7.3% (mean, 0.8%; 6 prisons greater than the
mean) (Figure 2; eTable 2 in the Supplement). The fraction of unvaccinated custody staff was more
strongly correlated with subsequent resident infection rates than the fraction of unvaccinated health

Figure 2. Percentage of Custody Staff, Health Care Staff, and Residents of California State Prisons
Who Were Unvaccinated and Did Not Previously Test Positive for SARS-CoV-2 by Prison on June 30, 2021,
and Cumulative Incidence of Infection Among Residents From July 1, 2021, Through September 25, 2021
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care staff or unvaccinated residents (Spearman ρ for custody staff, 0.35; P = .05; for health care staff,
0.22; P = .23; for residents, 0.26; P = .15). Of the 6 prisons with the largest proportions of residents
infected during this 3-month period, 4 had greater than average levels of unvaccinated custody staff,
4 had greater than average levels of unvaccinated health care staff, and 5 had greater than average
levels of unvaccinated residents. Patterns remained consistent when we refined the definition of the
vulnerable population to include only individuals who remained unvaccinated and with no history of
COVID-19 (Figure 2C and D).

Correctional Staff Risk Factors for Remaining Unvaccinated
The study sample consisted of 31 089 prison staff who were employed at 33 prisons; 23 472 (75.5%)
were custody staff and 7617 (24.5%) were health care staff (Table). Most were aged 30 to 49 years.
Most custody staff were male (19 721 [84%]), and most health care staff were female (5434 [71%]).
Two-thirds of custody staff were Hispanic (9008 [38%]) or White (6666 [28%]), while half of health
care staff were Asian (2148 [28%]) or White (1771 [23%]).

Among custody staff, 14 369 (61%) were unvaccinated (ie, had received no doses of vaccine)
and 72% had no confirmed COVID-19 by the end of June 2021. Among health care staff, 2882 (37%)
were unvaccinated and 88% had no confirmed infection. Custody staff resided in zip codes with a
slightly higher rate of unvaccinated adults than health care staff (56% vs 52%; P < .001) and had a
much higher fraction of unvaccinated coworkers in their work cohorts (60% vs 34%; P < .001). The 2
types of workers had similar shift patterns.

Table. Individual and Shift Characteristics of the Study Sample of Custody
and Health Care Direct Care Staff at 33 California State Prisons

Characteristic

No. (%)a

Custody staff
(n = 23 472)

Health care staff
(n = 7617)

Age category, y

18-29 2862 (12) 422 (6)

30-39 7724 (33) 2076 (27)

40-49 7765 (33) 2362 (31)

50-59 4310 (18) 1886 (25)

≥60 811 (3) 871 (11)

Race and ethnicity

Asian/Pacific Islander 1454 (6) 2148 (28)

Black 1571 (7) 1201 (16)

Hispanic 9008 (38) 1409 (18)

White 6666 (28) 1771 (23)

Other/unknownb 4773 (20) 1088 (14)

Sex

Women 3751 (16) 5434 (71)

Men 19 721 (84) 2183 (29)

No history of COVID-19 infection before June 30, 2021c 17 052 (73) 6692 (88)

Remained unvaccinated through June 30, 2021 14 369 (61) 2822 (37)

Fraction of individuals aged 20-60 y vaccinated
in zip code of residence, mean (SD)d

56 (12) 52 (13)

Institution/work shift characteristics

Fraction of shift coworkers not vaccinated, mean (SD)e 60 (11) 34 (10)

Most worked shift

Night 3170 (14) 699 (9)

Day 13 510 (58) 5014 (66)

Swing 6792 (29) 1904 (25)

No. of shifts during study period, mean (SD)f 126 (28) 123 (45)

No. of shifts/week, mean (SD)f 4.7 (0.84) 4.6 (1.32)

Abbreviations: CDCR, California Department of
Corrections and Rehabilitation; CDPH, California
Department of Public Health.
a The analytic data set includes 31 089 custody or

health care staff who worked at least 5 direct care
shifts between April, May, and June 2021 and at least
1 direct care shift in each of those months in any
1 of 33 CDCR prisons.

b The other/unknown category of race includes
American Indian or Alaska Native (approximately
0.4% of total sample) and other (approximately
1% of total) and unknown or missing (approximately
1.7% of total).

c No history of COVID-19 infection indicates no
positive result on any polymerase chain reaction or
antigen diagnostic test for SARS-CoV-2 infection
before the first dose of vaccination, or before the end
of the study period for unvaccinated individuals.

d Vaccination rates of zip code of residence are based
on cumulative CDPH vaccination rates as of
June 1, 2021, in the zip code where the staff person
lived on the most recently recorded work shift.

e Fraction of coworkers not vaccinated is a count of all
coworkers by date, shift, and prison and is weighted
by the number of shifts worked with a given
coworker.

f Number of shifts worked and number of shifts per
week are based on shifts worked between December
22, 2020, and June 30, 2021 (for the latter, weeks in
which there were 0 shifts worked were excluded in
calculation).
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Adjusted analyses showed a strong age gradient to vaccination uptake (Figure 3; eTables 3 and
4 in the Supplement). For example, custody staff aged 18 to 29 years were 30 percentage points
more likely to remain unvaccinated than their colleagues 60 years or older (predicted probability
0.75; 95% CI, 0.73-0.76 for age 18-29 years; 0.45; 95% CI, 0.42-0.48 for 60 years or older), while
health care staff aged 18 to 29 years were 23 percentage points more likely to remain unvaccinated
than their colleagues 60 years or older (predicted probability, 0.52; 95% CI, 0.48- 0.56 for age 18-29
years; 0.29; 95% CI, 0.27-0.32 for 60 years or older). Custody and health care staff with a history of
COVID-19 were 8 percentage points more likely to remain unvaccinated than their colleagues without
such a history (predicted probability for history/no history: custody staff: 0.67 [95% CI, 0.66-0.68]
vs 0.59 [95% CI, 0.59-0.60; health care staff: 0.44 [95% CI, 0.42-0.47] vs 0.36 [95% CI,
0.36-0.36]).

Residing in zip codes with relatively large proportions of unvaccinated residents aged 20 to 64
years was associated with slightly higher probability of remaining unvaccinated: 3 percentage points
higher for custody staff, comparing the 75th percentile with the 25th percentile, and 6 percentage
points higher for health care staff (both differences significant; predicted probability for 75th/25th
percentile: custody staff: 0.63 [95% CI, 0.62-0.63; P < .001] vs 0.60 [95% CI, 0.59-0.60; P < .001];

Figure 3. Predicted Probabilities of Remaining Unvaccinated Through June 30, 2021, for Custody and Health Care Staff From the Multivariable Regression Models
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0.51 (0.50-0.52)
0.57 (0.56-0.58)
0.68 (0.67-0.69)
0.75 (0.73-0.76)

0.53 (0.50-0.55)
0.60 (0.58-0.62)
0.59 (0.59-0.60)
0.66 (0.64-0.67)
0.62 (0.60-0.63)

0.63 (0.62-0.63)
0.62 (0.61-0.62)
0.60 (0.59-0.60)

0.64 (0.62-0.66)
0.61 (0.61-0.61)
0.59 (0.57-0.61)

0.60 (0.60-0.60)
0.67 (0.66-0.68)

0.67 (0.66-0.68)
0.59 (0.59-0.60)

Custody staffA

20 5030 6040
Probability (95% CI)

Favors being
vaccinated

Favors being
unvaccinated

Probability
(95% CI)

Health care staffB

A and B, Predicted probability (average adjusted margins) of being unvaccinated by
June 30, 2021, for custody staff (n = 23 472) and health care staff (n = 7617),
respectively, which was estimated using a multivariable probit model with robust
standard errors, clustering on the main prison of employment. History of COVID-19
indicates a positive result on any polymerase chain reaction or antigen diagnostic test for
SARS-CoV-2 infection during the study period. Vaccination rates of zip code of residence
are based on cumulative California Department of Public Health vaccination rates as of
June 1, 2021, in the zip code where the staff person lived on the most recent work shift.
Fraction of coworkers not vaccinated is a count of all coworkers by date, shift, and prison

and was weighted by the number of shifts worked with a given coworker. The model
controlled for all variables as well as an indicator of the shift (night, day, or swing) most
often worked, the number of shifts worked during the study period, the average number
of shifts worked on active weeks, and prison fixed effects, representing the main prison
in which a staff member worked during the study period. For unvaccinated individuals in
a home zip code and unvaccinated individuals in a work cohort, which were continuous
variables in the model, we predicted at the 25th, 50th, and 75th percentiles (49%, 57%,
and 63% for the former and 53%, 59%, and 67% for the latter for custody staff; 44%,
53%, and 61% for the former and 26%, 31%, and 39% for the latter for health care staff).
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health care staff: 0.40 [95% CI, 0.39-0.41; P < .001] vs 0.34 [95% CI, 0.33-0.35; P < .001]). Similarly,
staff members who tended to share shifts with other staff who had lower levels of vaccination had a
higher probability of remaining unvaccinated: 5 percentage points higher for custody staff,
comparing the 75th percentile with the 25th percentile, and 3 percentage points higher for health
care staff (custody staff difference was significant, whereas health care staff difference was not;
predicted probability for 75th/25th percentile: custody staff: 0.64 [95% CI, 0.62-0.66; P = .02] vs
0.59 [95% CI, 0.57-0.61; P = .02]; health care staff: 0.38 [95% CI, 0.36-0.41; P = .41] vs 0.35 [95% CI,
0.31-0.39; P = .41]). See the eAppendix in the Supplement for discussion of sensitivity analyses and
presentation of results.

Discussion

This cohort study of California state prison custody and health care staff found that staff vaccine
coverage lagged far behind vaccine coverage among residents for the first half of 2021. Some prisons
had relatively low rates of coverage for staff and residents, creating substantial risks of ongoing
outbreaks. These results highlight the multifactorial nature of reasons for hesitancy, which are a
function of demographic factors, community environment, peer behaviors, and other considerations
that this study was not designed to measure.

Personal decisions regarding vaccination are complex.15 Among prison staff in California, we
detected evidence of multifactorial explanations. Lower uptake among younger staff and those with
a history of COVID-19 were consistent with findings from other settings and suggest perceptions of
one’s personal risk of infection or serious health consequences affect decision-making.16 The positive
association we identified between low uptake and working with unvaccinated staff and living in
communities with low vaccination levels is not surprising. People can be swayed by those around
them and seek out those whose beliefs align with their own.17,18 However, the risk such staff pose to
residents is likely to be especially high, as they are at relatively high risk of acquiring SARS-CoV-2
infection and bringing it into the workplace. While one might expect that in high transmission risk
settings like prisons staff would seek to protect themselves, especially if those around them are less
well protected via vaccination, the findings of this study highlight the potential interplay of social
dimensions and individual factors in the decision to obtain COVID-19 vaccination.

To address the risks posed by unvaccinated workers to vulnerable institutionalized populations,
vaccine mandates have been enacted or proposed.19 Although prison worker unions in these settings
generally endorse vaccination, they oppose mandates and have fought them on picket lines and in
court. In California, vaccine mandates for state prison employees have come from the executive
branch6 and the courts.20 However, both have been challenged in federal court, and neither is
currently in force.21

This study’s findings that correctional staff are more likely to remain unvaccinated if the people
around them are unvaccinated suggests that important peer effects may be lessening vaccination
uptake. Delivery of staff vaccination in the context of prisons, with or without a mandate, should be
designed with peer effects in mind. For example, ensuring that individual staff members have access
to vaccination in venues and at times when they can avoid being observed by their coworkers may
be important. Likewise, as vaccination coverage increases in the prison and in particular staff groups
(eg, custody staff, night shift), communicating the current status of the cohort as a whole may help
to shift a staff member’s perception of their peers’ actions.

Limitations
This study has several limitations. First, its generalizability to prisons outside California and workers
in other high-risk settings is unknown. Second, designing and implementing optimal strategies for
boosting uptake of COVID-19 vaccination requires detailed understanding of the knowledge, beliefs,
and preferences of those who are hesitant, and we did not measure these factors. Similarly, the
measures of the effects of coworkers and home communities are crude; studies with qualitative and
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mixed-method designs are better able to engage with the nuances of personal motivations. Third,
CDCR records may have missed vaccinations obtained by some staff outside CDCR’s program.
However, such misclassification is likely to have been uncommon because CDCR required
notification, and staff who did not show proof of vaccination were required to undergo a continuous
testing regimen. Fourth, the adjusted analyses controlled for the level effects of institutions under
the assumption that the levels are separate and independent. By doing so we were unable to
examine how institution-wide practices and internal shocks affect vaccine decisions. For example,
there is some indication that institutions with more staff deaths have higher vaccination rates
(eFigure 3 in the Supplement). Future analyses could incorporate a more flexible model that would
allow the exploration of institution-level factors. Finally, because of the rapid rollout and sharp uptake
of vaccination among staff members who chose to get vaccinated, we were unable to analyze how
changes over time in coworker vaccination rates were directly associated with vaccination uptake.

Conclusions

This cohort study found that despite ongoing risks of COVID-19 outbreaks in high-risk carceral
settings, like California’s state prisons, vaccination rates among prison staff continue to lag behind
those of incarcerated residents. Younger staff and staff who have had COVID-19 may be
disproportionately unlikely to receive vaccinations because they perceive themselves to be at low
risk of infection or disease compared with their older colleagues or those who have not had a prior
infection. However, social considerations at home and work also appear important, leading to some
prisons and work cohorts with persistently lower than average levels of staff vaccination. While
effective and acceptable approaches to rapidly increasing vaccination coverage among correctional
staff remain elusive, failing to develop and implement them prolongs health risks to staff themselves
and the communities in which they reside, as well as to incarcerated residents.

With almost 1.2 million people currently residing in state and federal prisons in the US,22

addressing the risk of COVID-19 transmission and subsequent outbreaks, especially from highly
transmissible viral variants, is a critical public health priority. Despite substantial levels of natural and
acquired immunity in many incarcerated populations, COVID-19 risks continue to loom large.23,24

ARTICLE INFORMATION
Accepted for Publication: January 19, 2022.

Published: March 11, 2022. doi:10.1001/jamahealthforum.2022.0099

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2022 Prince L
et al. JAMA Health Forum.

Corresponding Author: Lea Prince, PhD, Stanford Health Policy and Department of Medicine, Stanford University
School of Medicine, 117 Encina Commons, Stanford, CA 94305 (jeremygf@stanford.edu).

Author Affiliations: Freeman Spogli Institute, Department of Health Policy, Stanford University School of
Medicine, Stanford University, Stanford, California (Prince, Long, Studdert, Salomon, Goldhaber-Fiebert); Stanford
Law School, Stanford, California (Studdert); California Department of Corrections and Rehabilitation, Sacramento
(Leidner); Department of Biomedical Data Science, Stanford University, Stanford, California (Chin); Department of
Medicine, Stanford University School of Medicine, Stanford, California (Andrews).

Author Contributions: Drs Prince and Goldhaber-Fiebert had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis.

Concept and design: Prince, Studdert, Chin, Goldhaber-Fiebert.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: Prince, Chin, Goldhaber-Fiebert.

Critical revision of the manuscript for important intellectual content: Long, Studdert, Leidner, Chin, Andrews,
Salomon, Goldhaber-Fiebert.

Statistical analysis: Prince, Long, Chin, Goldhaber-Fiebert.

JAMA Health Forum | Original Investigation Uptake of COVID-19 Vaccination Among Frontline Workers in California State Prisons

JAMA Health Forum. 2022;3(3):e220099. doi:10.1001/jamahealthforum.2022.0099 (Reprinted) March 11, 2022 9/11

Downloaded From: https://jamanetwork.com/ on 09/29/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamahealthforum.2022.0099&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamahealthforum.2022.0099
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamahealthforum.2022.0099&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamahealthforum.2022.0099
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamahealthforum.2022.0099
mailto:jeremygf@stanford.edu


Obtained funding: Andrews, Goldhaber-Fiebert.

Administrative, technical, or material support: Studdert.

Supervision: Studdert, Andrews, Salomon, Goldhaber-Fiebert.

Conflict of Interest Disclosures: Dr Studdert reported research support from the Horowitz Family Foundation
and grants from the National Institute on Drug Abuse, US Centers for Disease Control and Prevention (CDC), and
National Science Foundation during the conduct of the study. Dr Leidner reported being an employee of the
California Department of Corrections and Rehabilitation during the conduct of the study. Dr Andrews reported
grants from Horowitz Foundation during the conduct of the study. Dr Salomon reported grants from the CDC
through the Council of State and Territorial Epidemiologists during the conduct of the study. Dr Goldhaber-Fiebert
reported grants from the National Institute on Drug Abuse, Covid-19 Emergency Response Fund at Stanford
(Horowitz Foundation), Council of State and Territorial Epidemiologists (CDC), and the National Science
Foundation during the conduct of the study. No other disclosures were reported.

Funding/Support: This study was partially supported by the Covid-19 Emergency Response Fund at Stanford,
which was established with a gift from the Horowitz Family Foundation; a grant (R37-DA15612; Drs Goldhaber-
Fiebert and Salomon) from the National Institute on Drug Abuse; a grant (NU38OT000297-02; Dr Salomon) from
the CDC through the Council of State and Territorial Epidemiologists; and a grant (DGE-1656518); Ms Chin) from
the National Science Foundation Graduate Research Fellowship Program.

Role of the Funder/Sponsor: The funding organizations had no role in the design and conduct of the study;
collection, management, analysis, and interpretation of the data; preparation, review, or approval of the
manuscript; and decision to submit the manuscript for publication.

Additional Contributions: We thank staff members at California Department of Corrections and Rehabilitation for
providing data and assistance with interpretation of study results. We also acknowledge help from members of
the Stanford-CIDE Coronavirus Simulation Model consortium. These individuals were not compensated for their
contributions.

Additional Information: The data used in this analysis were provided by California Department of Corrections and
Rehabilitation under a Data Use Agreement and were transferred to the Stanford research team and stored using
high-security encryption. The data are unavailable to the public.

REFERENCES
1. Hawks L, Woolhandler S, McCormick D. COVID-19 in prisons and jails in the United States. JAMA Intern Med.
2020;180(8):1041-1042. doi:10.1001/jamainternmed.2020.1856

2. Saloner B, Parish K, Ward JA, DiLaura G, Dolovich S. COVID-19 cases and deaths in federal and state prisons.
JAMA. 2020;324(6):602-603. doi:10.1001/jama.2020.12528

3. The Marshall Project. A state-by-state look at coronavirus in prisons. The Marshall Project. Accessed June 9,
2021. https://www.themarshallproject.org/2020/05/01/a-state-by-state-look-at-coronavirus-in-prisons

4. Wallace M, Hagan L, Curran KG, et al. COVID-19 in correctional and detention facilities—United States,
February-April 2020. MMWR Morb Mortal Wkly Rep. 2020;69(19):587-590. doi:10.15585/mmwr.mm6919e1

5. The Covid Prison Project. The COVID Prison Project tracks data and policy across the country to monitor
COVID-19 in prisons. Accessed October 21, 2021. https://covidprisonproject.com/

6. Chin ET, Ryckman T, Prince L, et al. COVID-19 in the California state prison system: an observational study of
decarceration, ongoing risks, and risk factors. J Gen Intern Med. 2021;36(10):3096-3102.
doi:10.1007/s11606-021-07022-x

7. California Department of Corrections and Rehabilitation. Population COVID-19 tracking. Accessed August 12,
2021. https://www.cdcr.ca.gov/covid19/population-status-tracking/

8. Wallace D, Eason JM, Walker J, Towers S, Grubesic TH, Nelson JR. Is There a temporal relationship between
COVID-19 infections among prison staff, incarcerated persons and the larger community in the United States?
Int J Environ Res Public Health. 2021;18(13):6873. doi:10.3390/ijerph18136873

9. Echeverria D, Neilson S. Inmates are more vaccinated against COVID-19 than guards at nearly every prison in
California. Accessed November 1, 2021. https://www.sfchronicle.com/health/article/Inmates-are-more-vaccinated-
against-COVID-19-than-16534149.php

10. Scolforo M, Press A. Pennsylvania prison guard vaccinations increase after Wolf's mandate. Accessed
November 1, 2021. https://www.post-gazette.com/news/covid-19/2021/10/08/Pennsylvania-prison-guard-
vaccinations-increase-after-Wolf-s-mandate/stories/202110080131

11. Maslin Nir S. Their jobs made them get vaccinated: they refused. Accessed October 25, 2021.
https://www.nytimes.com/2021/10/24/nyregion/new-york-workers-refuse-vaccine.html

JAMA Health Forum | Original Investigation Uptake of COVID-19 Vaccination Among Frontline Workers in California State Prisons

JAMA Health Forum. 2022;3(3):e220099. doi:10.1001/jamahealthforum.2022.0099 (Reprinted) March 11, 2022 10/11

Downloaded From: https://jamanetwork.com/ on 09/29/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2020.1856&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamahealthforum.2022.0099
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2020.12528&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamahealthforum.2022.0099
https://www.themarshallproject.org/2020/05/01/a-state-by-state-look-at-coronavirus-in-prisons
https://dx.doi.org/10.15585/mmwr.mm6919e1
https://covidprisonproject.com/
https://dx.doi.org/10.1007/s11606-021-07022-x
https://www.cdcr.ca.gov/covid19/population-status-tracking/
https://dx.doi.org/10.3390/ijerph18136873
https://www.sfchronicle.com/health/article/Inmates-are-more-vaccinated-against-COVID-19-than-16534149.php
https://www.sfchronicle.com/health/article/Inmates-are-more-vaccinated-against-COVID-19-than-16534149.php
https://www.post-gazette.com/news/covid-19/2021/10/08/Pennsylvania-prison-guard-vaccinations-increase-after-Wolf-s-mandate/stories/202110080131
https://www.post-gazette.com/news/covid-19/2021/10/08/Pennsylvania-prison-guard-vaccinations-increase-after-Wolf-s-mandate/stories/202110080131
https://www.nytimes.com/2021/10/24/nyregion/new-york-workers-refuse-vaccine.html


12. Wiley H, Venteicher W. California can require correctional officers to get COVID vaccine, judge rules. Accessed
October 25, 2021. https://www.sacbee.com/article255204306.html

13. California Department of Corrections and Rehabilitation. Memorandum: mandatory employee COVID-19
testing and non-compliance accountability. Accessed November 1, 2021. https://www.cdcr.ca.gov/covid19/wp-
content/uploads/sites/197/2020/12/Mandatory-Employee-Testing-and-Non-Compliance-Accountability-12-
21-20.pdf

14. California Department of Corrections and Rehabilitation. COVID-19 screening and testing matrix for patient
movement. Accessed November 1, 2021. https://www.cdcr.ca.gov/covid19/wp-content/uploads/sites/197/2021/06/
R_COVID-19-Screening-and-Testing-Matrix-Ver-06.02.21.pdf

15. Jennings W, Stoker G, Bunting H, et al. Lack of trust, conspiracy beliefs, and social media use predict COVID-19
vaccine hesitancy. Vaccines (Basel). 2021;9(6):593. doi:10.3390/vaccines9060593

16. Aw J, Seng JJB, Seah SSY, Low LL. COVID-19 vaccine hesitancy—a scoping review of literature in high-income
countries. Vaccines (Basel). 2021;9(8):900. doi:10.3390/vaccines9080900

17. Konstantinou P, Georgiou K, Kumar N, et al. Transmission of vaccination attitudes and uptake based on social
contagion theory: a scoping review. Vaccines (Basel). 2021;9(6):607. doi:10.3390/vaccines9060607

18. Edge R, Keegan T, Isba R, Diggle P. Observational study to assess the effects of social networks on the seasonal
influenza vaccine uptake by early career doctors. BMJ Open. 2019;9(8):e026997.
doi:10.1136/bmjopen-2018-026997

19. California Department of Public Health. State public health officer order of August 19, 2021. Accessed October
19, 2021. https://www.cdph.ca.gov/Programs/CID/DCDC/Pages/COVID-19/Order-of-the-State-Public-Health-
Officer-Correctional-Facilities-and-Detention-Centers-Health-Care-Worker-Vaccination-Order.aspx

20. Gafni M. Judge orders California prison guards to get vaccinated. Accessed November 2, 2021.
https://www.sfchronicle.com/bayarea/article/Judge-orders-California-prison-guards-to-get-16491863.php

21. Venteicher W. California judge blocks COVID-19 vaccine order for correctional officers. Accessed October 19,
2021. https://www.sacbee.com/news/politics-government/the-state-worker/article254990142.html

22. UCLA Law. Covid Behind Bars Data Project. Accessed November 1, 2021. https://uclacovidbehindbars.org/

23. Chin ET, Leidner D, Zhang Y, et al. Effectiveness of the mRNA-1273 Vaccine during a SARS-CoV-2 delta outbreak
in a prison. N Engl J Med. 2021;385(24):2300-2301. doi:10.1056/NEJMc2114089

24. Hagan LM, McCormick DW, Lee C, et al. Outbreak of SARS-CoV-2 B.1.617.2 (delta) variant infections among
incarcerated persons in a federal prison—Texas, July-August 2021. MMWR Morb Mortal Wkly Rep. 2021;70(38):
1349-1354. doi:10.15585/mmwr.mm7038e3

SUPPLEMENT.
eAppendix.
eTable 1. Counts of direct care staff, different zip codes of residence, and different counties of residence among
CDCR custody and healthcare staff
eTable 2. Fraction unvaccinated and fraction not vaccinated and without history of Covid-19) for prison for staff
and incarcerated people; Cumulative incidence following the study period
eTable 3. Predicted probabilities and confidence intervals for adjusted analysis
eTable 4. Coefficients from multivariable analyses
eTable 5. Sensitivity analyses results matrix
eFigure 1. Variation among prisons in vaccine and test-positive scale-up over time, Custody staff
eFigure 2. Variation among prisons in vaccine and test-positive scale-up over time Healthcare staff
eFigure 3. Counts of COVID-19 deaths among staff and fraction of direct care staff vaccinated, by institution
(December 2020 – June 30, 2021)

JAMA Health Forum | Original Investigation Uptake of COVID-19 Vaccination Among Frontline Workers in California State Prisons

JAMA Health Forum. 2022;3(3):e220099. doi:10.1001/jamahealthforum.2022.0099 (Reprinted) March 11, 2022 11/11

Downloaded From: https://jamanetwork.com/ on 09/29/2023

https://www.sacbee.com/article255204306.html
https://www.cdcr.ca.gov/covid19/wp-content/uploads/sites/197/2020/12/Mandatory-Employee-Testing-and-Non-Compliance-Accountability-12-21-20.pdf
https://www.cdcr.ca.gov/covid19/wp-content/uploads/sites/197/2020/12/Mandatory-Employee-Testing-and-Non-Compliance-Accountability-12-21-20.pdf
https://www.cdcr.ca.gov/covid19/wp-content/uploads/sites/197/2020/12/Mandatory-Employee-Testing-and-Non-Compliance-Accountability-12-21-20.pdf
https://www.cdcr.ca.gov/covid19/wp-content/uploads/sites/197/2021/06/R_COVID-19-Screening-and-Testing-Matrix-Ver-06.02.21.pdf
https://www.cdcr.ca.gov/covid19/wp-content/uploads/sites/197/2021/06/R_COVID-19-Screening-and-Testing-Matrix-Ver-06.02.21.pdf
https://dx.doi.org/10.3390/vaccines9060593
https://dx.doi.org/10.3390/vaccines9080900
https://dx.doi.org/10.3390/vaccines9060607
https://dx.doi.org/10.1136/bmjopen-2018-026997
https://www.cdph.ca.gov/Programs/CID/DCDC/Pages/COVID-19/Order-of-the-State-Public-Health-Officer-Correctional-Facilities-and-Detention-Centers-Health-Care-Worker-Vaccination-Order.aspx
https://www.cdph.ca.gov/Programs/CID/DCDC/Pages/COVID-19/Order-of-the-State-Public-Health-Officer-Correctional-Facilities-and-Detention-Centers-Health-Care-Worker-Vaccination-Order.aspx
https://www.sfchronicle.com/bayarea/article/Judge-orders-California-prison-guards-to-get-16491863.php
https://www.sacbee.com/news/politics-government/the-state-worker/article254990142.html
https://uclacovidbehindbars.org/
https://dx.doi.org/10.1056/NEJMc2114089
https://dx.doi.org/10.15585/mmwr.mm7038e3

