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Despite substantially decreasing the risk of hospitalization and death from COVID-19,
COVID-19 booster vaccination rates remain low around the world. A key question for
public health agencies is how to increase booster vaccination rates, particularly among
high-risk groups. We conducted a large preregistered randomized controlled trial (with
57,893 study subjects) in a county health system in northern California to test the
impact of personal reminder messages and small financial incentives of $25 on booster
vaccination rates. We found that reminders increased booster vaccination rates within
2 wk by 0.86 percentage points (P = 0.000) or nearly 33% off the control mean of
2.65%. Monetary incentives had no additional impact on vaccination rates. The results
highlight the potential of low-cost targeted messages, but not small financial incentives,
to increase booster vaccination rates.

COVID-19 | vaccination | booster | nudge | field experiment

Increasing vaccination rates is a major challenge in global public health. While vaccination
is one of the most effective tools for reducing infectious disease burden, COVID-19 has
put a spotlight on vaccine hesitancy and made clear the difficulties faced by public health
agencies in encouraging vaccine uptake (1-3). Early studies and studies of populations
with low vaccine hesitancy found that both reminder messages and small financial incen-
tives increased COVID-19 vaccination rates (4, 5). However, subsequent studies focused
on later stages of the pandemic and groups characterized by higher rates of vaccine hesi-
tancy found them ineffective at increasing COVID-19 vaccination rates (6-8). For some
groups characterized by particularly high COVID-19 vaccine hesitancy, financial incentives
have had the perverse effect of decreasing vaccination rates (6).

Between waning vaccine effectiveness and the emergence of virus variants, booster shots
have become a central part of current public health campaigns to mitigate COVID-19-related
morbidity and mortality (9). Real-world evidence shows boosters decrease risk of hospital-
ization, severe disease and COVID-19-related death, even among immune-competent adults
(10-12). Despite this evidence, booster vaccination rates remain low in the USA. As of
mid-January 2023, only 15% of the US population had received an updated bivalent booster
dose and nearly 31% had not even completed a primary COVID-19 vaccine series (13).
Yet, COVID-19 is increasingly recognized as a virus that is “here to stay with us,” and that
will likely require seasonal vaccination (14). As such, cost-effectively increasing COVID-19
booster vaccination rates has become a key issue in public health, but one for which causal
evidence on the effectiveness of reminder messages and financial incentives is lacking.

Here we report findings from a preregistered randomized control trial (RCT) to study
the impact of reminder messages and guaranteed monetary incentives on COVID-19
booster vaccination rates (https://www.socialscienceregistry.org/trials/10610). While the
existing evidence indicates that reminder messages and financial incentives were only
effective at increasing vaccination rates during the initial stages of COVID-19 vaccination
campaign (4, 5), little is known about how individuals respond to nudges for booster
vaccination. Reminder messages, financial incentives, and other low-cost behavioral nudges
have shown promise in increasing uptake of other vaccines (15-18), particularly influenza
vaccines (19-29). Since boosters are limited to individuals who have already received a
primary vaccine dose, COVID-19 booster vaccinations may be more responsive to nudges
than initial COVID-19 vaccinations among individuals who were reluctant or, at least
not eaget, to get vaccinated.

Materials and Methods

To test the effectiveness of nudges on booster vaccination rates, we evaluated the impact of reminders sent by
a county health system in early December 2022 urging patients not to delay getting a booster shot, both with
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and without a small ($25) financial incentive for vaccination. Bivalent booster
vaccines were first available to the general publicin the USAat the end of August
2022, a little over 3 mo prior to our study (30).

Our study sample was drawn from an integrated county health system in
Northern California, Contra Costa Regional Medical Center (CCRMC). Because
the overwhelming majority of patients at the health system are insured through
Medicaid, public health insurance for people with low income, the experiment
focused on vaccination among those who are more vulnerable and at higher
risk of poor health outcomes than the general population in the USA (31). Our
research was approved by the Institutional Review Board (IRB) at the University
of Southern California (approval number: UP-21-01097) and Contra Costa Health
Service's Institutional Review Committee. The University of Southern California
IRB granted a full waiver of consent for this research as no identifying information
about study participants was shared with the academic research team. All patient
messaging was conducted by the health system.

The study sample consisted of community-dwelling patients ages 18 and over
who had received a full two-dose primary series COVID-19 vaccination. Patients
who had already received the bivalent booster, had received any COVID-19 vacci-
nation within the previous 2 mo, or had already scheduled an upcoming appoint-
ment to receive a booster dose were excluded from the study. Individuals in the
sample also had to have an active phone number or e-mail and had not opted
out of receiving messages from the health system. Atotal of N = 57,893 patients
met our inclusion criteria, which represents about 50% of all adult patients who
receive primary care at the health system.

Individuals in the sample were randomly assigned (1:1:1) to one of three
conditions: a reminder message, a reminder message with a financial incentive
for getting boosted, or no reminder message or incentive (control group) (Fig. 1).
Random assignment was stratified by message modality (email or text message)
given potential differences in response rates by communication type. Individuals
with only email or mobile phone number on file were assigned to the correspond-
ing strata. Individuals with both an email and mobile phone number on file were
assigned to the email strata since our prior work found higher survey response
rates from email communication (6).

Individuals in the reminder and reminder with financial incentive arms were
senta message reminding them that they were "due fora COVID-19 booster shot”
and should not delay (S/ Appendix, section 1). The reminder message provided a
link to an easy-to-use vaccine scheduler maintained by the county health system.
Those assigned to the financial incentive condition received the same reminder
message but were also told that they would receive a $25 gift certificate if they
were boosted within the next 2 wk. The 2-wk timeframe was chosen based on
recent work showing that shorter actionable windows are more effective in induc-
ing action related to healthcare prevention (32). Reminder messages were sent
by the health system on December 8, 2022, when bivalent booster vaccinations
were on the decline (S/Appendix, Fig. S1) butin advance of the Christmas holiday.
Reminder messages were sent in either English or Spanish, depending on the
preferred language listed on the file. Patients who listed a preferred language
other than English or Spanish received a message in English. Vaccination status
was obtained by the health system using a combination of their own electronic
medical records and regular data transmission from the California Immunization
Registry. The latter records all immunizations delivered in the state of California,
allowing us to capture all in-state immunizations irrespective of delivery site and
means we do not have to rely on self-reports of vaccination status.

Results

Summary Statistics and Baseline Balance. The group targeted by
the study was a racially/ethnically diverse, primarily low-income
adult population (S Appendix, Table S1). The mean age of the
sample was 43. About 17% of the sample identified as Asian, 12%
as Black, 37% as Hispanic, and 21% as White. We classified the
remaining 13.7% as “Other.” This group included people who
declined to provide their race/ethnicity, those who identified as
mixed race, as well as those who marked “Other.” Nearly 75%
of the sample had primary insurance coverage through Medi-
Cal, the state of California’s Medicaid program, about 13% had
primary coverage through Medicare, 4.1% were uninsured, and
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57,893 patients of Contra Costa Regional Medical Center (CCRMC) age 18 and
over were deemed to be due for a COVID-19 booster and were contactable by
SMS or email (on 12/14/2022)

Email (N=38,385) randomized SMS (N=19,508) randomized

reminder reminder No
reminder message + No reminder message +

message $25 reminder message $25
(N=6,502) incentive message (N=12,795) incentive
(N=6,503) (N=12,795)
(N=6,503)

reminder
message
(N=12,795)

Treatment specific
message sent
(12/15/2022)

Treatment specific
message sent
(12/15/2022)

COVID Booster uptake during 12/15/2022 through 12/23/2022 was determined
using the California Immunization Registry (CAIR) on 1/12/2023

Fig. 1. This figure shows the timeline and number of individuals in each
condition by e-mail or SMS strata. The respondents were selected from the
patient population of Contra Costa Regional Medical Center. The reminder
message indicated that the patient was due for a COVID-19 booster. The
reminder message + $25 condition added a guaranteed monetary payment
of a $25 Amazon gift card for getting boosted in the next 2 wk. Individuals
were sent either an SMS or email message. Individuals contactable by both
email and SMS were sent an email message. In total, 19,298 patients were
randomized to the control condition, 19,297 to the reminder condition and
19,298 to the reminder with financial incentive condition.

the remainder was covered by commercial insurance or some other
insurance program, such as Worker’s Compensation. Over a third
had SMS as their CCRMC contact mode and nearly 22% had
Spanish as their primary language. Relative to the overall population
of adults receiving primary care at the health system, the study
sample was much more likely to identify as Asian or Hispanic and
less likely to identify as Black (S Appendix, Table S2). On average,
patients in the sample received a first COVID-19 vaccination
just over 1.5 y prior to the date the reminder messages were sent.
Bivalent dose administration in the health system peaked in mid-
October 2022, nearly 2 mo after the booster was first available to
adults (87 Appendix, Fig. S1).

We checked the fidelity of our randomization by testing for
baseline balance in the observable characteristics of patients across
study arms. S/ Appendix, Table S3 shows the coefficients, SEs, and
significance level from an ordinary least squares (OLS) regression
of each covariate on indicators of each of the two treatment con-
ditions relative to control. We also report the significance level of
a test of the difference between the two treatment conditions
themselves and a test of the joint significance of the two treatment
coeficients. The results indicate that there were no significant
differences across any of the treatment groups (control vs.
reminder, control vs. reminder with financial incentive, control
vs. any reminder, reminder vs. reminder with financial incentive),
indicating that randomization was successful.
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Bivalent Booster Vaccination Rate (%) Within Two Weeks

3.51% 3.48%

o 2.65%

o 4

Control Reminder Reminder + Financial

Fig.2. The graph shows the proportion of participants in the control and two
treatment conditions (Reminder or Reminder + Financial) who got a booster
vaccination within 2-wk of sending out messages. Error bars represent normal-
based 95% Cls for the unadjusted proportions. There were 19,298 patients
in the control condition, 19,297 in the message condition and 19,298 in the
message with financial incentive condition.

Main Analysis. Our preregistered primary outcome was whether
individuals received a COVID-19 booster vaccination during the
2-wk period after the messages were sent (December 9, 2022
through December 23, 2022). Following our preregistration,
the primary analysis examines the impact of the two treatment
conditions (relative to control) using OLS regressions with robust
SEs to control for heteroscedasticity. We report two-sided P values.

The reminder only condition and the reminder plus financial
incentive condition increased vaccination uptake compared to the
control condition (Fig. 2). The share of individuals who received
a COVID-19 booster within 2 wk was 3.51% in the reminder
condition and 2.65% in the control condition, for a difference of
0.86 percentage points (pp) or a 32.5% increase relative to the
vaccination rate in the control group (£ = 0.000). The reminder
plus financial incentive condition also increased vaccination
uptake compared to the control condition, with a 2-wk take-up
rate of 3.48%, for an increase of 0.82pp or 31.3% (P = 0.000).
We cannot reject that the two intervention arms are the same. The
vaccination rate was 0.04pp (P = 0.845) lower in the reminder
plus financial incentive condition compared to the reminder only
condition, indicating that financial incentives did not meaning-
fully increase take-up rates relative to a reminder alone.

The coeflicients from our prespecified regression, which include
controls for individual level characteristics, provide nearly identical
results: the reminder and reminder with financial incentive con-
ditions increase booster uptake rates by 0.83pp (2 = 0.000) and
0.79pp (P = 0.000), respectively (SI Appendix, Table S4). These
results are robust to the exclusion of control variables, using probit
or logistic regression models, accounting for multiple hypothesis
testing, and the exclusion of the small number of individuals
whose gender was listed as either nonbinary or unknown or had
invalid initial COVID-19 vaccination dates (S/ Appendix,
Tables S4 and S5).

We anticipated there might be in heterogeneity in treatment
effects based on age-group (under age 65 or age 65 and over),
gender, language (English vs. Spanish), race/ethnicity, health
insurance type and modality of message delivery (email vs. SMS).
We preregistered this potential for heterogeneity and show results
here. The treatment conditions had clear and precisely estimated
differential impacts based on age, language, message modality, and
elapsed time since initial vaccination (SI Appendix, Table S7).

PNAS 2023 Vol.120 No.31 e2302725120

Reminders led to a greater increase in the booster uptake rate for
older relative to younger individuals, for those who were messaged
in Spanish relative to English and for those who were sent messages
by SMS relative to e-mail (Fig. 3).

For those aged 65 and over, receiving the reminder increased
booster take-up by 2.24pp (P = 0.000) more than the 0.49pp
(P=0.018) increase for those under 65. Likewise, reminders with
a financial incentive increased booster vaccination rates by 1.10pp
(P = 0.006) more than the 0.63pp (P = 0.002) increase for those
under age 65. Reminders increased booster vaccination rates by
1.20pp (2 = 0.003) more for those messaged in Spanish than the
0.57pp (P = 0.002) for those messaged in English. Reminders
with a financial incentive increased booster vaccination rates by
0.30pp (P = 0.004) more for those messaged in Spanish than the
0.73pp (P =0.002) increase for those sent the equivalent message
in English. Similarly, among those who received an SMS message,
the reminders increased vaccination rates by 0.71pp (P = 0.002)
more than the 0.59pp (2 = 0.001) for those messaged by email,
and a reminder with a financial incentive increased booster vac-
cination rates for the SMS group by 0.90pp (P = 0.023) more
than the 0.59pp (P = 0.019) for the email group. Since baseline
booster vaccination rates for both Spanish speakers and those who
were messaged by SMS were low, 1.8% and 1.9%, respectively
(81 Appendix, Fig. S2 and Table S6), these results indicate that the
interventions were particularly effective amongst these two groups.
In contrast, we found no differential impacts by gender, race/
ethnicity or insurance type, although a message with financial
incentive had a significantly smaller impact for those without any
health insurance (S/ Appendix, Fig. S3 and Table S7).

Odur study has some limitations. First, since our experiment was
conducted at a single health system and in a single state, our
findings may not generalize beyond our study population.
However, because CCRMC patients are racially/ethnically diverse
and disproportionately low-income, our study sheds light on the
potential value of booster messaging and financial incentives for
traditionally underserved patients. Second, we tested only one
small-sized financial incentive of $25. While we chose this amount
because it is similar in size to incentives that have increased influ-
enza vaccinations (19, 20) and COVID-19 vaccination rates dur-
ing the initial COVID-19 vaccine rollout (20), our study does
not provide evidence on whether larger incentives might have
increased COVID-19 booster vaccination rates. Third, we were
unable to track whether our email or text messages were read. That
reminders increased booster uptake relative to control suggests
that at least some messages were read. Fourth, even if patients did
read the messages, it is unclear from our data whether patients
trusted that they would receive the financial incentive. But because
the offer came from the health system, a trusted source for many
patients, and financial incentives for COVID-19 vaccination have
been widely used both within and outside of the health system,
the offer should not have been unusual to most patients. Finally,
our study was conducted over a short time frame, with only one
reminder message sent to patients. Repeated messages and tracking
over a longer period may have different effects.

Despite these limitations, our preregistered RCT generates
two clear findings. First, a simple one-time reminder message
can meaningfully increase COVID-19 booster uptake, particu-
larly among high-risk groups such as Spanish speakers and those
65 and over (33). This finding is consistent with concerns that
limited public health outreach has contributed to low booster
uptake in the US (34). Future work should consider whether
more frequent messaging and more tailored messages that
include, for example, implementation prompts to foster vacci-
nation planning and completion (24) or ownership framing to
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Percentage Point Change in Vaccination Rates
Due to Reminders and Financial Incentives by Sub—group
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Fig. 3. The graph shows the percentage point change in vaccination rates in the reminder and reminder with financial incentives conditions, each relative to
the control condition, for the full sample, those who were or would have been messaged by e-mail, those who were or would have been messaged by SMS/text,
those under age 65 at the time of messaging, those ages 65 and over at the time of messaging, those who were or would have been messaged in English, and
those who were or would have been messaged in Spanish. Error bars represent normal-based 95% Cls from OLS regression models. N = 57,893. S/ Appendlix,

Fig. S2 shows these patterns for all subgroups analyzed.

prime individuals to claim their vaccination (25) can further
improve the effectiveness of reminder messages. Second, small
guaranteed financial incentives do not increase booster uptake
more than a simple reminder message. This finding contrasts
with the literature on influenza vaccinations as well as an early
vaccination experiment In Sweden (5). However, it is consistent
with two RCTs of financial incentives, one using guaranteed
amounts of $10 or $50 (17) and another using a lottery with
jackpots of up to $50,000 (7), for vaccine hesitant groups in
the United States. By virtue of having completed a primary
COVID-19 vaccine series, the individuals in this study sample
were not obviously vaccine hesitant. However, the duration of
the pandemic, which had lasted nearly 2 y at the time of our
study, may have dampened any potential effects of financial
incentives. Importantly, and in contrast to cases where financial
rewards for prosocial behavior have backfired (35, 36), financial
incentives did not reduce booster vaccination rates. Nonetheless,
our results suggest that the financial incentives offered for
booster vaccinations by some jurisdictions (37) would have been
better spent on outreach. In our setting, every 76.9 SMS or
169.5 email messages yielded an additional booster vaccination.
Assuming a marginal cost of $0.10 per message, the cost per
each additional booster vaccination is $7.69 for SMS messages
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