
Original Paper

Risk Factors for Not Completing a 2-Dose Primary Series of
Messenger RNA COVID-19 Vaccination in a Large Health Care
System in Southern California: Retrospective Cohort Study

Stanley Xu1,2, PhD; Vennis Hong1, MPH; Lina S Sy1, MPH; Katia J Bruxvoort1,3, PhD; Bruno Lewin1, MD; Bing

Han1, PhD; Kimberly J Holmquist1, MPH; Lei Qian1, PhD
1Department of Research & Evaluation, Southern California Permanente Medical Group, Pasadena, CA, United States
2Department of Health Systems Science, Kaiser Permanente Bernard J. Tyson School of Medicine, Pasadena, CA, United States
3School of Public Health, University of Alabama at Birmingham, Birmingham, AL, United States

Corresponding Author:
Stanley Xu, PhD
Department of Research & Evaluation
Southern California Permanente Medical Group
100 S Los Robles
Pasadena, CA, 91101
United States
Phone: 1 626 564 3958
Fax: 1 626 564 3409
Email: stan.xu@kp.org

Abstract

Background: COVID-19 vaccination is crucial in combating the COVID-19 pandemic. Messenger RNA COVID-19 vaccines
were initially authorized as a 2-dose primary series and have been widely used in the United States; completing the 2-dose primary
series offers protection against infection, severe illness, and death. Understanding the risk factors for not completing the 2-dose
primary series is critical to evaluate COVID-19 vaccination programs and promote completion of the 2-dose primary series.

Objective: This study examined potential risk factors for not completing a 2-dose primary series of mRNA COVID-19
vaccination.

Methods: We conducted a retrospective cohort study among members aged ≥18 years from a large integrated health care system,
Kaiser Permanente Southern California, from December 14, 2020, to June 30, 2022. Noncompletion of the 2-dose primary series
was defined as not completing the second dose within 6 months after receipt of the first dose. Crude noncompletion rates were
estimated overall and by demographic characteristics, health care use patterns, comorbidity, and community-level socioeconomic
factors. A Poisson regression model was fit to examine associations of individual-level and community-level risk factors with
noncompletion of the 2-dose primary series.

Results: Among 2.5 million recipients of ≥1 dose of mRNA COVID-19 vaccines, 3.3% (n=81,202) did not complete the second
dose within 6 months. Members aged 25-44 years, 65-74 years, and ≥75 years were less likely to not complete the 2-dose primary
series than those aged 18-24 years, while members aged 45-64 years were more likely to not complete the 2-dose primary series
(adjusted risk ratio [aRR] 1.13, 95% CI 1.10-1.15). Male sex was associated with a higher risk of noncompletion (aRR 1.17, 95%
CI 1.15-1.19). Hispanic and non-Hispanic Black race/ethnicity were associated with a lower risk of noncompletion (range aRR
0.78-0.91). Having Medicaid and prior influenza vaccination were associated with a higher risk of noncompletion. Having
SARS-CoV-2 infection, experiencing an adverse event, or having an inpatient and emergency department visit during the minimum
recommended dose intervals were associated with a higher risk of not completing the 2-dose primary series (aRR 1.98, 95% CI
1.85-2.12; 1.99, 95% CI 1.43-2.76; and 1.85, 95% CI 1.77-1.93, respectively). Those who received the first dose after June 30,
2021, were more likely to not complete the 2-dose primary series within 6 months of receipt of the first dose.

Conclusions: Despite limitations such as being a single-site study and the inability to consider social factors such as employment
and vaccine attitudes, our study identified several risk factors for not completing a 2-dose primary series of mRNA vaccination,
including being male; having Medicaid coverage; and experiencing SARS-CoV-2 infection, adverse events, or inpatient and
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emergency department visits during the minimum recommended dose intervals. These findings can inform future efforts in
developing effective strategies to enhance vaccination coverage and improve the completion rate of necessary doses.

(JMIR Public Health Surveill 2023;9:e46318) doi: 10.2196/46318
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Introduction

The COVID-19 pandemic started in December 2019 and has
tragically resulted in millions of deaths worldwide. In combating
the pandemic, various mitigation measures have been
implemented, including social distancing, wearing masks,
promoting hygiene practices, testing, and using therapeutic
interventions. Among these measures, vaccination has played
a crucial role in our collective efforts to combat and control the
impact of the COVID-19 pandemic. Among 4 COVID-19
vaccines (BNT162b2, mRNA-1273, Ad26.COV2.S, and
NVX-CoV2373) authorized in the United States since December
2020, the 2 (messenger RNA) mRNA COVID-19 vaccines
(BNT162b2, manufactured by Pfizer-BioNTech, and
mRNA-1273, manufactured by Moderna) have been the most
widely used [1]. These COVID-19 vaccines are effective at
preventing infection, hospitalization, and death due to
SARS-CoV-2 infection [2-5]. Despite these benefits, a major
obstacle to COVID-19 vaccination has been vaccine hesitancy.
This hesitancy has been linked to concerns regarding vaccine
safety, a lack of knowledge about novel COVID-19 vaccines,
demographic factors, limited health care access, attitudes toward
COVID-19 vaccines, and use and trust in social media [6-11].

Two mRNA vaccines, BNT162b2 and mRNA-1273, were
initially authorized as a 2-dose primary series. Optimal
protection depends on completing the initial 2-dose primary
series of mRNA vaccines according to recommended dose
intervals, as well as receiving booster shots to counteract waning
immunity and new variants [5,12-19]. As of December 8, 2022,
89.5% (n=231,012,435) of the US population aged 18 years and
older received at least 1 COVID-19 vaccine dose, and 76.8%
(n=198,386,322) had completed the primary series [1]. Although
the vast majority of those who received an mRNA vaccine dose
completed the 2-dose primary series, some did not complete
the primary series and thus remained underprotected against
severe COVID-19 illness and death.

Understanding the risk factors for not completing a 2-dose
primary series is critical to evaluate COVID-19 vaccination
programs and to promote completion of the 2-dose primary
series. Although some studies examined the completion of
multidose series of hepatitis A and B vaccines [20,21] and
recombinant herpes zoster vaccine [22,23], studies of risk factors
associated with not completing a 2-dose primary series of
mRNA COVID-19 vaccines are limited. Nguyen et al [24] found
associations of sociodemographic characteristics with each of
3 COVID-19 vaccination categories: receipt of at least 1 dose,
receipt of the full primary series, and receipt of a booster dose

after the primary series. Although sampling methods and data
weighting were designed to produce nationally representative
results, the sample size was moderate with 74,995 responses
from the Household Pulse Survey from December 29, 2021, to
January 10, 2022 [25]. Vaccination status for respondents was
self-reported and was subject to social desirability bias.

The goal of this study was to examine potential risk factors for
not completing a 2-dose primary series of mRNA COVID-19
vaccination in a large health care system in the United States.
We considered a range of risk factors including individual-level
demographics, clinical comorbidities, prior health care usage,
and community-level socioeconomic characteristics, as well as
health care usage, adverse events, and SARS-CoV-2 infection
during the minimum recommended interval between doses.

Methods

Sample and Data
We conducted a retrospective cohort study using electronic
health records of members aged ≥18 years from a large
integrated health care system, Kaiser Permanente Southern
California (KPSC). KPSC serves 4.7 million members of diverse
sociodemographic, racial, and ethnic backgrounds at 15 medical
centers [26]. To evaluate potential risk factors for not completing
a 2-dose primary series of mRNA COVID-19 vaccination, we
required members to receive their first dose of either mRNA
COVID-19 vaccine from December 14, 2020, to December 31,
2021. We also required members to have continuous
membership (allowing up to a 31-day gap) from at least 1 year
before to 6 months after the first dose. The study outcome was
assessed by June 30, 2022.

Ethics Approval
Ethics approval for this study was obtained from the KPSC
Institutional Review Board On July 5, 2022 (approval 13270).
In accordance with 45CFR 46.116, the need for informed
consent was waived by the institutional review board because
the research activities (secondary analyses of electronic health
records data) presented no more than minimal risk to subjects.
To protect the privacy and confidentiality of human subjects,
all staff working on the research study were trained in
procedures to protect the privacy of medical record information.
All research data are stored behind a firewall in a
password-protected network within the Department of Research
& Evaluation at KPSC. Study participants were not compensated
given the observational nature of the study.
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Measures of Variables
We assessed the completion rates of 2 mRNA vaccines,
BNT162b2 and mRNA-1273. The outcome, noncompletion of
the 2-dose primary series, was defined as not completing 2 doses
of mRNA vaccination (2 doses of BNT162b2, 2 doses of
mRNA-1273 or 1 dose of each) within 6 months after receipt
of the first dose. The minimum recommended intervals between
dose 1 and dose 2 are 17 days and 24 days (allowing for a 4-day
grace period) for BNT162b2 and mRNA-1273, respectively
[27,28].

We considered individual-level risk factors including age at
receipt of the first dose, sex, race and ethnicity, Medicaid status,
health care usage (number of outpatient visits, virtual visits,
inpatient visits, and emergency department [ED] visits) within
1 year prior to the first dose date, inpatient or ED visit within
7 days prior to the first dose date (yes or no), Charlson
Comorbidity Index within 1 year prior to the first dose date,
and receipt of influenza vaccine in the 2 years prior to the first
dose date. We also considered community-level risk factors
such as neighborhood median household income and
neighborhood education level defined as 50% or more than or
less than 50% of the neighborhood attaining more than high
school education.

Additional individual-level risk factors that were measured
during the minimum recommended interval between doses
included SARS-CoV-2 infection, encounters with prespecified
serious adverse events (AEs), any inpatient or ED visit, and any
outpatient visit. SARS-CoV-2 infection was determined by a
positive laboratory test for SARS-CoV-2 or a COVID-19
diagnosis. In identifying encounters with serious AEs, 21 types
of prespecified AEs were evaluated based on their inclusion as
outcomes of interest in COVID-19 vaccine safety studies [29].

In April 2021, COVID-19 vaccinations were expanded from a
phased allocation to all eligible adults. To consider the impact
of this expansion, we created an indicator for the time of receipt
of the first dose of mRNA vaccine before and after June 30,
2021.

Model and Data Analysis Procedure
Characteristics of completers and noncompleters of the 2-dose
primary series were described and compared with chi-square test
and 2-tailed t test for categorical and continuous risk factors,
respectively. To examine the association between potential risk
factors and not completing the 2-dose primary series, we fit a

multiple Poisson regression model with noncompletion of the
2-dose primary series within 6 months after the first dose as the
dependent variable and potential risk factors as the independent
variables. The specification of the Poisson regression model is
as follows:

where µi is the expected value of yi given a set of risk factors;
yi is the outcome for the ith subject, yi=1 for not completing and
yi=0 for completing the 2-dose primary series; α is the intercept;
Xi is a row vector of individual- and community-level risk
factors, and β is a column vector of corresponding coefficients
to be estimated. Because we required members to have
continuous membership for at least 6 months after the first dose
and the outcome was assessed within 6 months after the first
dose, the follow-up period was identical across all individuals;
therefore, there was no need to adjust for person time as an
offset in the Poisson model. Exponentials of coefficients from
the Poisson model can be interpreted as risk ratios.

We reported unadjusted risk ratios (RRs), adjusted risk ratios
(aRRs), and 95% CIs. All analyses were conducted using SAS
Enterprise Guide (version 8.2; SAS Institute).

Results

Among more than 4 million members of KPSC who received
their first dose of mRNA COVID-19 vaccine during December
14, 2020, to December 31, 2021, 3.3 million (83.4%) were aged
≥18 years (Figure 1). Among members aged ≥18 years who
received ≥1 dose of mRNA COVID-19 vaccine, 2.5 million
met the membership requirement, and 3.3% (n=81,202) of them
did not complete the 2-dose primary series within 6 months
after receipt of the first dose (Table 1). Members who were <65
years old, male, or Hispanic were more likely not to complete
the primary series. Noncompletion rates were slightly higher
among members in communities with a median household
income <US $60,000 and lower education level than those in
communities with a higher median household income and higher
education level. Noncompleters of a 2-dose primary series of
mRNA COVID-19 vaccination were less likely to have had
influenza vaccine in the 2 years prior to receipt of dose 1 than
completers (n=48,886, 60.2% vs n=1,721,833, 72.5%).
Noncompleters were more likely to receive the first dose after
June 30, 2021, than completers (n=45,216, 55.7% vs n=255,354,
10.8%).
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Figure 1. Study population flowchart. mRNA: messenger RNA.
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Table 1. Characteristics of completers and noncompleters of a 2-dose primary series of messenger RNA vaccination among members of Kaiser
Permanente Southern California from December 14, 2020, to December 31, 2021.

P valueTotal (n=2,456,740)Completion of 2-dose primary series within 6 months
of first dose

Characteristic

No (n=81,202)Yes (n=2,375,538)

<.001aAge (years), n (%)

243,129 (10)11,401 (14)231,728 (9.8)18-24

777,874 (31.7)29,126 (35.9)748,748 (31.5)25-44

847,858 (34.5)29,658 (36.5)818,200 (34.4)45-64

357,936 (14.6)7066 (8.7)350,870 (14.8)65-74

229,943 (9.4)3951 (4.9)225,992 (9.5)≥75

<.001b49.7 (18.2)45.4 (17.1)49.8 (18.3)Age, mean (SD)

<.001aSex, n (%)

1,329,986 (54.1)39,584 (48.8)1,290,402 (54.3)Female

1,126,754 (45.9)41,618 (51.2)1,085,136 (45.7)Male

<.001aRace and ethnicity, n (%)

785,265 (32)24,284 (29.9)760,981 (32)White

979,261 (40)33,611 (41.4)945,650 (39.8)Hispanic

342,239 (13.9)9981 (12.3)332,258 (14)Asian or Pacific Islander

186,437 (7.6)6321 (7.8)180,116 (7.6)Black

163,538 (6.7)7005 (8.6)156,533 (6.6)Other/multiple/unknown

<.001aNumber of outpatient visits in 1 year prior to receipt of dose 1, n (%)

522,051 (21.2)20,122 (24.8)501,929 (21.1)0

1,081,271 (44)36,833 (45.4)1044,438 (44)1-4

505,135 (20.6)15,225 (18.8)489,910 (20.6)5-9

348,283 (14.2)9022 (11.1)339,261 (14.3)≥10

<.001aNumber of virtual encounters in 1 year prior to receipt of dose 1, n (%)

772,828 (31.5)32,370 (39.9)740,458 (31.2)0

1,095,259 (44.6)33,976 (41.8)1,061,283 (44.7)1-4

359,650 (14.6)8977 (11.1)350,673 (14.8)5-9

229,003 (9.3)5879 (7.2)223,124 (9.4)≥10

<.001aNumber of inpatient visits in 1 year prior to receipt of dose 1, n (%)

2,344,284 (95.4)77,599 (95.6)2,266,685 (95.4)0

95,634 (3.9)2917 (3.6)92,717 (3.9)1

16,822 (0.7)686 (0.8)16,136 (0.7)≥2

<.001aNumber of EDc visits in 1 year prior to receipt of dose 1, n (%)

2,129,489 (86.7)69,647 (85.8)2,059,842 (86.7)0

294,534 (12)10,163 (12.5)284,371 (12)1-2

32,717 (1.3)1392 (1.7)31,325 (1.3)≥3

<.001aCharlson Comorbidity Index in 1 year prior to receipt of dose 1, n (%)

1,732,506 (70.5)63,373 (78)1,669,133 (70.3)0

351,975 (14.3)9757 (12)342,218 (14.4)1

159,362 (6.5)3632 (4.5)155,730 (6.6)2
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P valueTotal (n=2,456,740)Completion of 2-dose primary series within 6 months
of first dose

Characteristic

No (n=81,202)Yes (n=2,375,538)

212,897 (8.7)4440 (5.5)208,457 (8.8)≥3

<.001aHad inpatient or ED visit in the 7 days prior to dose 1, n (%)

9560 (0.4)487 (0.6)9073 (0.4)Yes

2,447,180 (99.6)80,715 (99.4)2,366,465 (99.6)No

<.001aHad Medicaid in 1 year prior to receipt of dose 1, n (%)

173,092 (7)7453 (9.2)165,639 (7)Yes

2,283,648 (93)73,749 (90.8)2,209,899 (93)No

<.001aHad influenza vaccine in the 2 years prior to dose 1, n (%)

1,770,719 (72.1)48,886 (60.2)1,721,833 (72.5)Yes

686,021 (27.9)32,316 (39.8)653,705 (27.5)No

<.001aNeighborhood median household income, n (%), US ($)

88,294 (3.6)3442 (4.2)84,852 (3.6)<$40,000

438,931 (17.9)15,956 (19.7)422,975 (17.8)$40,000-$59,999

578,242 (23.5)19,533 (24.1)558,709 (23.5)$60,000-$79,999

550,359 (22.4)17,347 (21.4)533,012 (22.4)$80,000-$99,999

796,859 (32.4)24,678 (30.4)772,181 (32.5)≥$100,000

4055 (0.2)246 (0.3)3809 (0.2)Missing

<.001aNeighborhood-level education, n (%)

744,180 (30.3)26,299 (32.4)717,881 (30.2)Less than 50% of the neighbor-
hood attaining greater than a high
school education

1,708,402 (69.5)54,655 (67.3)1,653,747 (69.6)50% or more of the neighbor-
hood attaining greater than a high
school education

4158 (0.2)248 (0.3)3910 (0.2)Missing

<.001aHad SARS-CoV-2 infection during minimum recommended dose interval, n (%)

6641 (0.3)858 (1.1)5783 (0.2)Yes

2,450,099 (99.7)80,344 (98.9)2,369,755 (99.8)No

<.001aHad adverse event during minimum recommended dose interval, n (%)

446 (0.02)36 (0.04)410 (0.02)Yes

2,456,294 (99.98)81,166 (99.96)2,375,128 (99.98)No

<.001aHad inpatient or ED visit during minimum recommended dose interval, n (%)

37,415 (1.5)2363 (2.9)35,052 (1.5)Yes

2,419,325 (98.5)78,839 (97.1)2,340,486 (98.5)No

<.001aHad outpatient visit during minimum recommended dose interval, n (%)

1,374,088 (55.9)34,644 (42.7)1,339,444 (56.4)Yes

1,082,652 (44.1)46,558 (57.3)1,036,094 (43.6)No

<.001aReceipt of first dose after June 30, 2021, n (%)

300,570 (12.2)45,216 (55.7)255,354 (10.8)Yes
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P valueTotal (n=2,456,740)Completion of 2-dose primary series within 6 months
of first dose

Characteristic

No (n=81,202)Yes (n=2,375,538)

2,156,170 (87.8)35,986 (44.3)2,120,184 (89.2)No

aChi-square P value.
bt test P value.
cED: emergency department.

Among the 2.5 million members in the study cohort, 6641
(0.3%) members had SARS-CoV-2 infection during the
minimum recommended dose interval (Table 1), of whom 858
(12.9%) did not complete the primary series in the 6 months
after receipt of the first dose, higher than the overall
noncompletion rate of 3.3% (n=81,202). Among 446 (0.02%)
members who experienced an AE during the minimum
recommended dose interval, 36 (8.1%) did not complete the
primary series in the 6 months after receipt of the first dose.
Among 37,415 (1.5%) members who had an ED or inpatient
visit during the minimum recommended dose interval, 2363
(6.3%) did not complete the primary series in the 6 months after
receipt of the first dose.

Unadjusted RRs for noncompletion of the 2-dose primary series
are displayed in Figure S1 in Multimedia Appendix 1. The
multiple Poisson regression showed that after adjusting for other
potential risk factors, members aged 25-44 years, 65-74 years,
and ≥75 years were more likely to complete the 2-dose primary
series than those aged 18-24 years (aRR for noncompletion
0.94, 95% CI 0.92-0.96; aRR 0.90, 95% CI 0.87-0.93; and 0.92,
95% CI 0.88-0.96, respectively), while members aged 45-64
years were more likely to not complete the 2-dose primary series
(aRR 1.13, 95% CI 1.10-1.15) (Figure S2 in Multimedia
Appendix 1). Male sex was associated with a higher risk of
noncompletion (aRR 1.17, 95% CI 1.15-1.19).

Hispanic and non-Hispanic Black race and ethnicities were
associated with lower risk of noncompletion (aRR 0.91, 95%
CI 0.90-0.93; aRR 0.78, 95% CI 0.76-0.80, respectively), while
Asian and Pacific Islander race was associated with a slightly
higher risk of noncompletion (aRR 1.07, 95% CI 1.04-1.09).
Having Medicaid in 1 year prior to receipt of dose 1, having
influenza vaccine in the 2 years prior to receipt of dose 1, and
certain health care use patterns (1-4 and 5-9 outpatient visits,
≥2 inpatient visits, and ≥1 ED visits in the year prior to receipt
of dose 1) were associated with a higher risk of noncompletion.

Members with SARS-CoV-2 infection during the minimum
recommended dose interval were more likely to be
noncompleters (aRR 1.98, 95% CI 1.85-2.12) (Figure S2 in
Multimedia Appendix 1). Experiencing an AE during the
minimum recommended dose interval was also associated with
not completing the primary series (aRR 1.99, 95% CI 1.43-2.76).
In addition, members with an inpatient or ED visit during the
minimum recommended dose interval were more likely to be
noncompleters (aRR 1.85, 95% CI 1.77-1.93), but having an
outpatient visit during the minimum recommended dose interval
significantly decreased the risk of not completing the primary
series (aRR 0.53, 95% CI 0.52-0.53). Receipt of the first dose

after June 30, 2021, was associated with a higher risk of not
completing the primary series (aRR 9.78, 95% CI 9.63-9.93).

Discussion

Principal Findings
Acting in synergy with community pharmacy services and local
government mass vaccination efforts, the KPSC health care
system was very successful in promoting COVID-19 vaccination
and completion of the 2-dose primary series. During the
pandemic, KPSC implemented a community-oriented and
geographically targeted vaccine strategy aimed at identifying
specific zip codes that required additional resources. This
proactive approach proved helpful in enhancing COVID-19
vaccination coverage and effectively addressing the disparities
in vaccine uptake within underserved communities [30]. Several
other aspects should also be considered in designing effective
public policy to address future pandemic crises such as Peltzman
effects in vaccinations, the emergence of new variants of
concern, investment in health care, and the impact of
environmental pollution and climate factors [31].

This study showed some impact of sociodemographic
characteristics on the completion of a 2-dose primary series of
mRNA COVID-19 vaccination in KPSC. For example, after
adjusting for other risk factors, the characteristics of being aged
≥65 years, female, and Black or Hispanic, as well as living in
a neighborhood with a lower education level, were associated
with a lower risk of not completing the 2-dose primary series
within 6 months of receipt of the first dose. Members who had
≥2 ED visits in the year prior to receipt of dose 1 were less likely
to complete the primary series (aRR for noncompletion 1.23,
95% CI 1.16-1.30). Having SARS-CoV-2 infection,
experiencing an AE, or having an inpatient or ED visit during
the minimum recommended dose intervals were associated with
a higher risk of not completing the 2-dose primary series (aRR
1.98, 95% CI 1.85-2.12; 1.99, 95% CI 1.43-2.76; and 1.85, 95%
CI 1.77-1.93, respectively). Those who received the first dose
before June 30, 2021, were more likely to complete the 2-dose
primary series within 6 months of receipt of the first dose.

In this study, male sex was associated with a higher risk of not
completing the 2-dose primary series, while a study by Nguyen
et al [24] did not find an association between sex and
noncompletion. Although the association of age with
noncompletion of the 2-dose primary series in unadjusted
analyses (Figure S1 in Multimedia Appendix 1) was largely
consistent with those of Nguyen et al [24], the strength of
association attenuated after adjusting for other risk factors, from
unadjusted RRs of 0.37-0.80 to aRRs of 0.90-1.13. Our finding
of lower risk of not completing the 2-dose primary series among
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Black and Hispanic race and ethnicity was consistent with the
study by Nguyen et al [24]; for Asian race and ethnicity, our
study found a weak association with not completing the 2-dose
primary series (aRR 1.07, 95% CI 1.04-1.09), while Nguyen et
al [24] found that Asian race/ethnicity was strongly associated
with completion of the 2-dose primary series. Those with lower
household income had unadjusted RR ≥1 of not completing the
2-dose primary series (Figure S1 in Multimedia Appendix 1),
which is similar to Nguyen et al [24]; however, after adjusting
for other risk factors, the association became null. The 2 studies
differed in several aspects including the study population
(insured vs a general population), study design (retrospective
cohort study using electronic health records vs survey study),
and risk factors considered. These differences may have
contributed to the different findings. In comparison to mRNA
COVID-19 vaccination, completion rates for hepatitis A and B
vaccinations were observed to be lower, ranging from 40% to
65% across a broad age range [20]. Notably, individuals with
Medicaid coverage were found to be associated with a lower
completion rate for both the 2-dose primary series of mRNA
COVID-19 vaccination in our study and the multidose
vaccinations of hepatitis A (2 doses) and B (3 doses) in the
study by Nelson et al [20].

With more than 12 months of first-dose data from a large health
care organization, this study examined a broad range of potential
risk factors including individual- and community-level
sociodemographic characteristics, Medicaid status,
comorbidities, health care usage, and medical encounters during
minimum recommended dose intervals. In a study examining
potential factors associated with completing 2 doses of
recombinant zoster vaccine among individuals aged ≥50 years,
local and systemic reactions after receipt of the first dose were
examined in addition to sociodemographic characteristics and
health care usage; however, medical encounters with serious
AEs were not examined [23]. A unique strength of our study is
that we examined the association between medical encounters
with serious AEs during minimum recommended dose intervals
and noncompletion of the mRNA COVID-19 vaccine 2-dose
primary series. Only 87.1% (n=5783) of those who had
SARS-CoV-2 infection during the minimum recommended
dose intervals completed the primary series, which is

significantly lower than the overall completion rate of 96.7%
(n=2,375,538). The noncompleters might have felt that it was
not necessary to get the second dose because of natural
immunity gained from infection. Only 8.1% (n=36) of those
who experienced an AE during the minimum recommended
dose intervals did not complete the primary series.

There are some limitations in this study. First, the study
population is an insured population from a large health care
system. The completion rate of the 2-dose primary series among
KPSC members aged 18 years and older is 96.7% (n=2,375,538).
In contrast, the national completion rate for the primary series,
which includes individuals from various health care providers
and uninsured individuals, is notably lower at 76.8%
(n=198,386,322). The findings in this study may not be
generalizable to other health care systems and uninsured
populations. Second, data on other risk factors such as members’
employment were not available. Mandatory completion of a
2-dose primary series for employment would decrease the
likelihood of noncompletion. Third, we did not consider the
requirement of 3 doses for the primary series among
immunocompromised individuals [27]. Finally, while we
included SARS-CoV-2 infection during the minimum
recommended dose intervals as a risk factor for completing the
second dose, the impact of SARS-CoV-2 infection prior to
receipt of the first dose was not considered.

Conclusions
To adequately prepare for the pandemic, it is crucial to attain a
sufficient level of vaccination coverage, contributing to herd
immunity. This will effectively halt the spread of potential virus,
thereby protecting people against severe illness and death [32].
Despite limitations such as a study of a single site of an insured
population and inability to consider social factors such as
employment and attitude to vaccination, our study identified
several risk factors for not completing a 2-dose primary series
of mRNA vaccination. These factors include being male; having
Medicaid coverage; and experiencing SARS-CoV-2 infection,
AEs, or inpatient and ED visits during the minimum
recommended dose intervals. These findings can inform future
efforts in developing effective strategies to enhance vaccination
coverage and improve the completion rate of necessary doses.
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