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Durability of Antibody Levels After Vaccination
With mRNA SARS-CoV-2 Vaccine in Individuals With
or Without Prior Infection
Waning serum antibodies against SARS-CoV-2 have raised
questions about long-term immunity. Lower antibody levels
to SARS-CoV-2 spike protein are associated with break-
through infections after vaccination, prompting consider-
ation of booster doses.1,2 Prior infection may enhance
protection from vaccination, stimulating inquiry about
hybrid immunity.3 Our objective was to examine SARS-
CoV-2 spike IgG antibodies in a longitudinal cohort, compar-
ing antibody durability in individuals who received an
mRNA SARS-CoV-2 vaccine with or without prior SARS-
CoV-2 infection.

Methods | A convenience sample of 3500 health care workers
from the Johns Hopkins Health System were enrolled start-
ing June 2020 and followed up through September 3, 2021.
Participants provided serum samples longitudinally, sepa-
rated by at least 90 days. SARS-CoV-2 polymerase chain
reaction (PCR) test results and vaccination dates (inside and
outside the health system) were collected from electronic
health records. Included participants had a serum sample
collected at least 14 days after receiving the second dose of
an mRNA SARS-CoV-2 vaccine. Previous SARS-CoV-2 infec-
tion was defined by the date of positive SARS-CoV-2 PCR
test results prior to first vaccine dose. IgG antibody mea-
surements were obtained using an enzyme-linked immu-
nosorbent assay (Euroimmun), estimating optical density
ratios with a lower threshold of 1.23 and upper threshold of

11.00 based on assay saturation.4,5 Linear regression models
for log-transformed postvaccination antibody measure-
ments were used to compare absolute and relative differ-
ences in median antibody measurements among health care
workers with or without prior SARS-CoV-2 infection at 1, 3,
and 6 months and health care workers with PCR-confirmed
prior SARS-CoV-2 infection less than or equal to 90 days and
greater than 90 days before receipt of the vaccine at 1 and 3
months, after adjusting for vaccine type, age, and sex. Sta-
tistical significance was defined as a 95% CI that did not
include 1.00 for the relative adjusted median and a 95% CI
that did not include 0 for the absolute difference in adjusted
median. Analyses were performed in R software, version
4.0.2 (R Foundation).

Ethical approval was obtained from the institutional re-
view board at Johns Hopkins University with verbal consent.

Results | Of the 1960 health care workers who provided serum
samples at least 14 days after receipt of the second vaccine dose,
73 (3.7%) had evidence of previous infection (41 with positive
PCR results ≤90 days before vaccination and 32 with positive
PCR results >90 days before vaccination). Of these 1960 par-
ticipants, 80% were women, 95% were non-Hispanic/Latino,
and 80% were White. The median age of participants was 40.4
(IQR, 32.6-52.1) years.

Among participants without previous SARS-CoV-2 infec-
tion, the adjusted median antibody measurements were
8.69 (95% CI, 8.56-8.80) at 1 month, 7.28 (95% CI, 7.15-7.40)
at 3 months, and 4.55 (95% CI, 4.16-4.91) at 6 months after
vaccination (Figure, A, and Table). Compared with partici-
pants without previous SARS-CoV-2 infection, those with
prior infection maintained higher postvaccination adjusted

Figure. Waning IgG Antibodies to SARS-CoV-2 After Vaccination in Health Care Workers With or Without Prior SARS-CoV-2 Infection
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Prior SARS-CoV-2 infection was defined as positive SARS-CoV-2 polymerase
chain reaction (PCR) test results prior to receipt of the first dose of the mRNA
vaccine. The dotted lines represent the positive IgG threshold, at an antibody
measurement of 1.23, the lines represent the unadjusted median antibody

measurements as a function of days following mRNA vaccination, based on
natural cubic splines (2 degrees of freedom) for each group, and shaded areas
represent 95% CIs for the unadjusted median antibody measurements.

2524 JAMA December 28, 2021 Volume 326, Number 24 (Reprinted) jama.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/22/2022

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.19996


median antibody measurements by an absolute difference
of 1.25 (95% CI, 0.86-1.62) (relative difference, 14% [95% CI,
10%-19%]) at 1 month, 1.42 (95% CI, 0.98-1.86) (relative dif-
ference, 19% [95% CI, 13%-26%]) at 3 months, and 2.56
(95% CI, 1.66-4.08) (relative difference, 56% [95% CI, 35%-
94%]) at 6 months. Individuals with PCR-confirmed infec-
tion more than 90 days before vaccination had higher post-
vaccination adjusted antibody measurements compared
with those with PCR-confirmed infection less than or equal
to 90 days before vaccination, of 10.52 (95% CI, 10.13-11.00)
(absolute difference, 0.86 [95% CI, 0.28-1.48]; relative dif-
ference, 9% (95% CI, 3%-16%]) at 1 month and 9.31 (95% CI,
8.47-9.98) (absolute difference, 1.09 [95% CI, 0.17-1.92];
relative difference, 13% [95% CI, 2%-24%]) at 3 months
(Figure, B, and Table).

Discussion | Health care workers with prior SARS-CoV-2 infec-
tion followed by 2 doses of mRNA vaccine (3 independent ex-
posures to spike antigen) developed higher spike antibody mea-
surements than individuals with vaccination alone. Consistent
with work comparing extended vaccine dosing intervals, the
study showed that a longer interval between infection and first
vaccine dose may enhance the antibody response.6

Limitations of the study included defining SARS-CoV-2 in-
fection by positive PCR test results (potentially misclassify-
ing participants with unconfirmed prior infection), the use of
convenience sampling, and a small proportion of included par-
ticipants with infection prior to vaccination. The study also did
not examine neutralization titers or reinfection. Generaliz-
ability may be limited by a majority female, White, middle-
aged population.

Further investigation is warranted to determine whether
increased postvaccination antibody durability in previously in-
fected individuals is attributable to number of exposures, in-
terval between exposures, or the interplay between natural and
vaccine-derived immunity. Studies are needed to elucidate how

serological testing can inform optimal vaccine timing and need
for booster doses.
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Table. Adjusted Antibody Measurements Over Time After 2 Doses of mRNA SARS-CoV-2 Vaccine in Health Care Workers
With or Without Prior SARS-CoV-2 Infection

Interval

Participant IgG measurement, adjusted median (IQR) Difference in adjusted median (95% CI)a

With prior infection
(n = 73; 80 samples)

Without prior infection
(n = 1887; 2235 samples) Relative Absolute

1 mo 9.94 (9.58-10.29) 8.69 (8.56-8.80) 1.14 (1.10-1.19) 1.25 (0.86-1.62)

3 mo 8.70 (8.27-9.12) 7.28 (7.15-7.40) 1.19 (1.13-1.26) 1.42 (0.98-1.86)

6 mo 7.12 (6.29-8.64) 4.55 (4.16-4.91) 1.56 (1.35-1.94) 2.56 (1.66-4.08)

Intervalb Vaccination
>90 d after prior
SARS-COV-2 infection
(n = 32; 34 samples)

Vaccination
≤90 d after prior
SARS-COV-2 infection
(n = 41; 46 samples)

Relative Absolute

1 mo 10.52 (10.13-11.00) 9.65 (9.24-10.02) 1.09 (1.03-1.16) 0.86 (0.28-1.48)

3 mo 9.31 (8.47-9.98) 8.22 (7.81-8.63) 1.13 (1.02-1.24) 1.09 (0.17-1.92)
a Adjusted median IgG measurements were estimated from linear regression

models of log-transformed antibody measurements as a function of time
(natural cubic spline with 2 degrees of freedom), group, interaction of time,
and group adjusting for vaccine type, age, and sex. The 95% CIs for adjusted
median IgG and relative median were constructed via the percentile bootstrap
procedure using 1000 bootstrap samples of health care workers to account
for clustering of serum samples within health care workers.

b Adjusted median IgG measurements and relative median at 6 months were
not estimated for health care workers with prior SARS-CoV-2 infection �90
days and >90 days prior to first vaccine dose separately due to few data points
(n = 3) beyond 150 days.
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Self-reported Behaviors Regarding Medications
to Save Money Among Sexual Minority Adults
in the US, 2015-2018
Individuals who belong to sexual and gender minority popu-
lations, including members of the lesbian, gay, bisexual, and
queer communities, experience health disparities that stem
from structural discrimination and barriers to care.1,2 As a re-

sult, members of sexual mi-
nority populations dispropor-
tionately face worse health

outcomes compared with their heterosexual peers.3 Further-
more, patients who forgo or delay medical care and prescrip-
tion medicine to save money may have worse health out-
comes. While previous research has documented use of
alternative therapies and cost-related medication nonadher-
ence by race and ethnicity, no studies, to our knowledge, have
examined whether adults from sexual minority groups en-
gage in medication cost-saving strategies.4 We estimated be-
haviors regarding medications to save money by sexual ori-
entation using nationally representative data in US adults from
2015-2018.

Methods | Data were obtained from the 2015-2018 National
Health Interview Survey (NHIS), a nationally representative an-
nual survey conducted in person. The family core question-
naire records basic health information for all household mem-
bers. In NHIS 2015-2018, for each interviewed household
(response rates, 64.2%-70.1%), a single random adult was se-
lected (response rates, 79.7%-83.9%) for a detailed interview

on health conditions, health behaviors, and access to care.5 Our
sample was drawn from the sample adult component. This
study was deemed exempt from review by the Vanderbilt Uni-
versity institutional review board. Verbal informed consent was
obtained from each survey participant by the National Center
for Health Statistics.

We examined 6 health behaviors in the context of sav-
ing money. These included the following: (1) used alterna-
tive therapies; (2) bought prescription drugs from another
country; (3) skipped medication doses; (4) took less medica-
tion; (5) delayed prescription refills; and (6) asked a clini-
cian for a lower-cost medication to save money (see
Supplement for specific wording of questions). We com-
pared these outcomes by self-reported sexual orientation
using multivariable logistic regression models controlling
for age category, sex, race and ethnicity, educational attain-
ment, relationship status, health insurance status, number
of chronic conditions, US Census region, and survey year.
Results from all logistic regression models were presented
as adjusted absolute risk differences (RDs) and odds ratios
(ORs). Given the sociodemographic diversity among sexual
minority individuals, estimates were calculated for sexual
minority as a group and by subgroups (lesbian or gay,
bisexual, other). Analyses were computed in Stata version
16 (StataCorp LP) using survey weights, and statistical sig-
nificance was defined as a 2-sided α < .05.

Results | Respondents (unweighted n = 114 696) reported
their sexual orientation as heterosexual (weighted 96.9%),
lesbian or gay (1.6%), bisexual (1.1%), or other (0.4%)
(Table 1). Respondents who did not know the answer
(n = 949) or declined responding to (n = 685) the sexual ori-
entation question were excluded. After controlling for
sociodemographic factors, compared with heterosexual
individuals, individuals identifying as a sexual minority as a
group were more likely to report reducing medication costs
by using alternative therapies (8.2% vs 4.2%; absolute RD,
3.05% [95% CI, 1.91%-4.20%]; OR, 1.81 [95% CI, 1.51-2.16]),
skipping medication doses (8.0% vs 5.8%; absolute RD,
1.50% [95% CI, 0.34%-2.65%]; OR, 1.30 [95% CI, 1.08-1.56]),
taking less medication (8.4% vs 6.0%; absolute RD, 1.82%
[95% CI, 0.62%-3.03%]; OR, 1.36 [95% CI, 1.13-1.63]), delay-
ing prescription refills (11.9% vs 7.5%; absolute RD, 3.25%
[95% CI, 1.86%-4.64%]; OR, 1.53 [95% CI, 1.30-1.79]), and
asking a clinician for lower-cost medication (21.9% vs
19.2%; absolute RD, 4.22% [95% CI, 2.12%-6.32%]; OR, 1.30
[95% CI, 1.15-1.47]) (Table 2). Results varied by subgroup.
For example, bisexual individuals were more likely to delay
filling a prescription to save money (15.0% vs 7.5%; absolute
RD, 4.31% [95% CI, 1.85%-6.77%]; OR, 1.71 [95% CI, 1.32-
2.22]) than heterosexual individuals.

Discussion | This study found modest increases in a number of
self-reported behaviors to reduce medication costs among
sexual minority adults compared with their heterosexual peers.
This is especially concerning because individuals from sexual
minority populations are disproportionately affected by cer-
tain conditions (eg, mood disorders, HIV, and cardiovascular
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