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Background: The relationship between coronavirus disease 2019 (COVID-19) vaccination and long COVID
has not been firmly established. We conducted a systematic review and meta-analysis to evaluate the
association between COVID-19 vaccination and long COVID.
Methods: PubMed and EMBASE databases were searched on September 2022 without language restric-
tions (CRD42022360399) to identify prospective trials and observational studies comparing patients with
and without vaccination before severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection.
We also included studies reporting symptomatic changes of ongoing long COVID following vaccination
among those with a history of SARS-CoV-2 infection. Odds ratios (ORs) for each outcome were synthe-
sized using a random-effects model. Symptomatic changes after vaccination were synthesized by a
one-group meta-analysis.
Results: Six observational studies involving 536,291 unvaccinated and 84,603 vaccinated (before SARS-
CoV-2 infection) patients (mean age, 41.2–66.6; female, 9.0–67.3%) and six observational studies involv-
ing 8,199 long COVID patients (mean age, 40.0 to 53.5; female, 22.2–85.9%) who received vaccination
after SARS-CoV-2 infection were included. Two-dose vaccination was associated with a lower risk of long
COVID compared to no vaccination (OR, 0.64; 95% confidence interval [CI], 0.45–0.92) and one-dose vac-
cination (OR, 0.60; 95% CI, 0.43–0.83). Two-dose vaccination compared to no vaccination was associated
with a lower risk of persistent fatigue (OR, 0.62; 95% CI, 0.41–0.93) and pulmonary disorder (OR, 0.50;
95% CI, 0.47–0.52). Among those with ongoing long COVID symptoms, 54.4% (95% CI, 34.3–73.1%) did
not report symptomatic changes following vaccination, while 20.3% (95% CI, 8.1–42.4%) experienced
symptomatic improvement after two weeks to six months of COVID-19 vaccination.
Conclusions: COVID-19 vaccination before SARS-CoV-2 infection was associated with a lower risk of long
COVID, while most of those with ongoing long COVID did not experience symptomatic changes following
vaccination.

� 2023 Elsevier Ltd. All rights reserved.
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1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection has caused over 6.4 million deaths across the globe by
August 2022 [1]. This enormous number of death in the acute
phase is not the only noteworthy feature of coronavirus disease
2019 (COVID-19) [2]. Long COVID or post-acute COVID-19 syn-
drome is a condition characterized by various symptoms, including
fatigue, dyspnea, cognitive impairment, and mental disorder, that
persist four weeks after the acute symptom onset [3]. Studies have
demonstrated that 10–55 % of COVID-19 patients, including those
with mild or asymptomatic form, suffer from debilitating symp-
toms [4–6].

Several risk factors for long COVID have been identified, such as
older age [3,7,8], female sex [7], pre-existing comorbidities [3,7,8],
decreased humoral immune responses following vaccinations
[9,10], and severe acute COVID-19 [3,4,11]. COVID-19 vaccination
has been shown to provide safe and effective protection against
SARS-CoV-2 infection and the severe progression of acute COVID-
19 [12–14]. Furthermore, this preventative measure has also been
attracting public attention for its potential efficacy against long
COVID [15].

The benefit of vaccination before and after SARS-CoV-2 infec-
tion has been explored [16–18]. A recent study involving health-
care workers suggested that two or three doses of the Pfizer-
BioNTech mRNA vaccination before SARS-CoV-2 infection were
associated with a lower incidence of long COVID than no vaccina-
tion [17]. However, another study indicated that vaccination only
provided partial protection against long COVID [16]. Meanwhile,
a longitudinal survey evaluating the effect of vaccination after
SARS-CoV-2 infection, which was hypothesized to modify the
immune response, showed an association between vaccination
and symptomatic relief [18]. However, due to the limited sample
size and generalizability, the association between COVID-19 vacci-
nation and long COVID has not been concluded.

A previous systematic review investigated the effect of vaccina-
tion on long COVID [19]. However, their findings should be verified
because non-peer-reviewed articles were included, and meta-
analyses were not performed. In this study, we conducted a sys-
tematic review and meta-analysis to elucidate the relationship
between vaccination and long COVID and aid in clear communica-
tion between providers, patients, and policymakers.

2. Materials and Methods

This research was conducted under the Preferred Reporting
Items for Systematic Reviews and meta-Analyses (PRISMA) guide-
line and registered in the International prospective register of sys-
1784
tematic reviews (CRD42022360399) [20]. An institutional review
board exemption was granted for the innocuousness of the study.

2.1. Data sources and search

We used a two-level strategy to search for all prospective trials
and observational studies investigating the relationship between
COVID-19 vaccination and long COVID. First, a comprehensive lit-
erature search was conducted using PubMed and EMBASE data-
bases on September 16, 2022. The search strategy is summarized
in eTable 1 in the Supplement. Second, we performed an additional
manual search of secondary sources, such as references from ini-
tially identified studies, to collect relevant articles comprehen-
sively. No restrictions on language and publication date were
applied.

2.2. Eligibility criteria

The eligibility of each study was assessed using the following
Population, Intervention, Comparison, and Outcome (PICO)
principle;

Population: we included patients of any age diagnosed with
COVID-19 either by polymerase chain reaction, serum antibody
test, or the development of clinical symptoms after close contact
with proven cases.

Intervention: any type of COVID-19 vaccination before or after
acute SARS-CoV-2 infections were identified.

Comparison: patients vaccinated before acute SARS-CoV-2 infec-
tions were compared to those without vaccination, whereas
patients vaccinated after acute SARS-CoV-2 infections did not have
a comparator.

Outcome: we set two separate outcomes depending on the vac-
cination timing (i.e., before or after SARS-CoV-2 infection). For
studies investigating vaccination before SARS-CoV-2 infection,
the primary outcome was the incidence of long COVID. In this
study, we defined long COVID as a condition where patients have
persistent or new-onset symptoms and/or conditions four weeks
after the acute SARS-CoV-2 infection [3]. When a study reported
multiple follow-ups, we extracted the outcomes at the longest
follow-up because our interest was the effect of vaccination in
the long term. The secondary outcome was each of the persistent
symptoms, including fatigue, pulmonary disorder, cardiovascular
disorder, gastrointestinal disorder, metabolic disorder, muscu-
loskeletal disorder, neurologic disorder, and mental disorder. The
definition of each organ-system disorder followed in each study.
For studies investigating vaccination after SARS-CoV-2 infection,
the primary outcome was the symptomatic change of long COVID
following vaccination.
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Preprint articles and studies without original patients’ data (e.g.,
guidelines, correspondence, and reviews) were excluded. When we
identified two or more reports from the same cohort, we included
the largest study to avoid duplication. The methodological quality
of the included studies was evaluated using the Newcastle-Ottawa
Scale [19].
2.3. Data extraction and items

Two reviewers (AW and TK) screened the search results individ-
ually to identify the studies based on the inclusion and exclusion
criteria and assessed the eligibility for each study. After screening
the title and abstract, we retrieved the full texts of potentially eli-
gible articles for further review. Disagreements were resolved
through consensus.

Baseline characteristics, such as age, sex, pre-existing comor-
bidities (obesity, hypertension, diabetes mellitus, chronic lung dis-
ease, chronic kidney disease), and ICU admission due to acute
COVID-19 were extracted and tabulated. Regarding the COVID-19
vaccine, we collected the type of vaccine (e.g., BNT162b2 by
Pfizer-BioNTech, mRNA-1273 by Moderna, and Ad26.COV2.S by
AstraZeneca), doses, and timing (before or after SARS-CoV-2
infection).
2.4. Data synthesis and analysis

For studies investigating vaccination before SARS-CoV-2 infec-
tion, we extracted unadjusted and adjusted (whenever available)
odds ratios (ORs) for each outcome. When a study used propensity
score matching, we extracted the outcomes from the matched
cohort. The OR with a 95 % confidence interval (CI) for each out-
come was synthesized using the Review Manager (RevMan) Ver-
sion 5.4 (Nordic Cochrane Center, the Cochrane Collaboration,
Copenhagen, Denmark) with a random-effects model. Further-
more, we compared one-dose vs no vaccination and two-dose vs
one-dose for the primary outcome. For studies investigating vacci-
nation after SARS-CoV-2 infection, we pooled the logarithm of self-
reporting symptomatic changes (improved, worsened, and
unchanged) and performed a one-groupmeta-analysis by the Wald
Fig. 1. Flowchart of
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method with a random-effects model using OpenMetaAnalyst ver-

sion 21.11.14 (available from https://www.cebm.brown.edu/open-

meta/). Heterogeneity was assessed using I2, with > 50 % indicating
substantial heterogeneity. Publication bias was assessed by Egger’s
linear regression tests and Funnel plots of the primary outcomes
using Comprehensive meta-Analysis version 2 (Biostat, Englewood,
NJ, USA) [21]. The overall certainty of each outcome was evaluated
using the Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) approach.

3. Results

We identified 963 articles through the initial database search
and subsequent manual search. After removing 943 items based
on the title and abstract, we retrieved the full text of 20 articles.
We excluded reports from the same cohort or studies without out-
comes of interest. Finally, we included six [16,17,22–25] and six
[18,26–30] observational studies investigating COVID-19 vaccina-
tion before and after SARS-CoV-2 infection, respectively (Fig. 1).
There were 536,291 unvaccinated and 84,603 vaccinated patients
who received vaccination before the SARS-CoV-2 infection, while
there were 8,199 patients with long COVID who received vaccina-
tion after SARS-CoV-2 infection. The methodological quality
assessment is summarized in eTable 2 in the Supplement.

3.1. Baseline characteristics

The baseline characteristics of the included studies are summa-
rized in Tables 1, 2 and eTables 3,4. The definitions of organ system
impairment are summarized in eTable 5 in the Supplement. In
studies investigating COVID-19 vaccination before SARS-CoV-2
infection (Table 1), the mean age ranged from 41.2 to 66.6 years,
and the female proportion ranged from 9.0 % to 67.3 %. The propor-
tion of patients admitted to the ICU for acute infection ranged from
0.6 % to 6.0 %. The follow-up duration from acute COVID-19 ranged
from 28 days to 6 months. In studies investigating COVID-19 vac-
cination after SARS-CoV-2 infection (Table 2), the mean age ranged
from 40.0 to 53.5 years, and the female proportion ranged from
22.2 % to 85.9 %. The proportion of patients admitted to the ICU
study selection.

https://www.cebm.brown.edu/openmeta/
https://www.cebm.brown.edu/openmeta/


Table 1
Baseline characteristics of studies investigating vaccination before SARS-CoV-2 infection.

First author Study design Country Observational
period

Vaccine type Follow-up
duration
(months)

Patient number, N Age, median
[IQR] or
mean ± SD

Female, N (%) ICU admission,
N (%)

Meza-Torres
[22]

Retrospective
cohort

UK Mar 2020-Apr
2021

NA 6 No vaccination,
392,324; 1-dose,
15,832; 2-dose, 726

45 ± 22 232,775 (56)a 2,852 (0.7)a

Emecen[23] Prospective
cohort

Turkey Dec 2020-May
2021

CoronaVac,
BNT162b2

6 No vaccination,
4,847; 2-dose, 162

18–49,
67.7 %; 50–
64, 22.4 %;
65-, 9.9 %

2,908 (52)a 66 (1.3)a

Al-Aly[16] Retrospective
cohort

USA Jan 2021-Dec
2021

BNT162b2,
mRNA-1273,
Ad26.COV2.S

6 No vaccination,
113,474; 2-dose,
33,940

No
vaccination,
58 ± 16; 2-
dose, 67 ± 14

No vaccination,
14,842 (13); 2-
dose, 3,044 (9)

No vaccination,
2,982 (2.6); 2-
dose, 811 (2.4)

Zisis[24] Retrospective
cohort

USA Sep 2020-Dec
2021

NA 3 No vaccination,
25,225; 2-dose,
25,225

No
vaccination,
55 ± 18; 2-
dose, 55 ± 18

No vaccination,
15,129 (60); 2-
dose, 15,094
(60)

NA

Azzolini[17] Retrospective
cohort

Italy Mar 2020-Apr
2022

BNT162b2 1 No vaccination,
421; 1-dose, 10; 2-
dose, 46; 3-dose,
262

44 ± 11 180 (33) NA

Antonelli[25] Prospective
cohort

UK Dec 2020-Jul
2021

BNT162b2,
mRNA-1273,
AZD1222

1 1-dose, 6,030; 2-
dose, 2,370

1-dose,
50 ± 14; 2-
dose, 53 ± 14

1-dose, 3,766
(63); 2-dose,
1,451 (61)

NA

NA, not available.
a Among patients infected with SARS-CoV-2.

Table 2
Baseline characteristics of studies investigating vaccination after SARS-CoV-2 infection.

First author Study design Country Observational
period

Vaccine type Time between SARS-CoV-
2 infection and
vaccination

Patient
number

Age, median [IQR]
or mean ± SD

Female,
N (%)

ICU
admission,
N (%)

Tsuchida
[26]

Prospective
cohort

Japan NA NA 196 [110–238] days 42 40 [30–47] 12 (46) NA

Strain[27] Prospective
cohort

UK Mar 20201-
Apr 2021

AZD1222,
BNT162b2,
mRNA-1273

1–3-month, 5.4 %; 3–6-
month, 15.0 %; 6–9-
month, 8.0 %; >9-month,
71.6 %

812 �20, 0.4 %; 21–40,
21.9 %; 41–60,
62.3 %; 60-, 15.5 %

654
(81)

NA

Scherlinger
[28]

Retrospective
cohort

France Aug-21 AZD1222,
BNT162b2,
mRNA-1273,
Ad26.COV2.S

483 [266–506] days 397 44 [37–50] 327
(86)

3 (0.8)

Ayoubkhani
[18]

Retrospective
cohort

UK Apr 2020-Sep
2021

AZD1222,
BNT162b2,
mRNA-1273

178 [NA] days 6,729 46 ± 14 NA NA

Peghin[29] Prospective
cohort

Italy Mar 2020-
May 2020

AZD1222,
BNT162b2,
mRNA-1273

12.4 ± 1.9 months 132 18–40, 25.0 %;
41–60, 48.5 %; 60-
, 26.5 %

94 (71) 3 (2.3)

Wynberg
[30]

Prospective
cohort

Netherland May 2020-Jun
2021

AZD1222,
BNT162b2,
mRNA-1273,
Ad26.COV2.S

271 [158–387] days 87 54 [35–61] NA NA

NA, not available.
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for acute infection ranged from 0.8 % to 2.3 %. The median duration
between acute COVID-19 and vaccination ranged from 146 to
483 days.
3.2. Vaccination before SARS-CoV-2 infection and long COVID

The overall certainty of evidence (GRADE) for each outcome is
summarized in eTable 6 in the Supplement. Two-dose COVID-19
vaccination was associated with a lower frequency of long COVID
compared to no vaccination (OR, 0.64; 95 % confidence interval
[CI], 0.45–0.92; I2 = 74 %; moderate certainty) (Fig. 2a) and one-
dose vaccination (OR, 0.60; 95 % CI, 0.43–0.83; I2 = 0 %; moderate
certainty) (Fig. 2b). However, one-dose vaccination compared to
1786
no vaccination was not significantly associated with a lower fre-
quency of long COVID (OR, 0.90; 95 % CI, 0.80–1.01; I2 = 0 %; low
certainty) (Fig. 2c). Publication bias was not suggested for the pri-
mary outcome, although only four studies reported the primary
outcome (eTable 1eFig. 1). Only one study compared (therefore,
meta-analyses could not be performed) different types of vaccines
(i.e., BNT162b2 vs mRNA-1273 vs Ad26.COV2.S), in which
BNT162b2 and mRNA-1273 were associated with lower incidences
of long COVID compared to Ad26.COV2.S (OR, 0.86; 95 % CI, 0.80–
0.93 and OR, 0.87; 95 % CI, 0.80–0.93, respectively) whereas no dif-
ference was seen between BNT162b2 vs mRNA-1273 (OR, 1.00;
95 % CI, 0.95–1.05) [16].



Fig. 2. Forest plots showing the odds ratio of long COVID (a: two-dose vaccination vs no vaccination, b: two-dose vaccination vs one-dose vaccination, c: one-dose
vaccination vs no vaccination).
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Two-dose COVID-19 vaccination compared to no vaccination
was associated with a lower incidence of persistent fatigue (OR,
0.62; 95 % CI, 0.41–0.93; I2 = 65 %; low certainty) and pulmonary
disorder (OR, 0.50; 95 % CI, 0.47–0.52; I2 = 0 %; low certainty)
(eFigs. 2a–b). The trend was similar for cardiovascular disorder
(OR, 0.59; 95 % CI, 0.23–1.49; I2 = 78 %; low certainty), gastroin-
testinal disorder (OR, 0.62; 95 % CI, 0.35–1.10; I2 = 78 %; low cer-
tainty), metabolic disorder (OR, 0.58; 95 % CI, 0.24–1.41;
I2 = 54 %; low certainty), musculoskeletal disorder (OR, 0.63;
95 % CI, 0.26–1.52; I2 = 69 %; low certainty), neurologic disorder
(OR, 0.61; 95 % CI, 0.31–1.20; I2 = 72 %; low certainty), and mental
disorder (OR, 0.49; 95 % CI, 0.15–1.62; I2 = 87 %; low certainty)
(eFigs. 2c–h), though statistically not significant.

3.3. Vaccination after SARS-CoV-2 infection and long COVID

Among those who have a prior infection of SARS-CoV-2, self-
reporting symptomatic improvement of long COVID was observed
in 20.3 % (95 % CI, 8.1–42.4; I2 = 99 %; very low certainty) two
weeks to six months after COVID-19 vaccination, whereas 20.5 %
(95 % CI, 14.4–28.4; I2 = 87 %; very low certainty) experienced
symptomatic worsening, and 54.4 % (95 % CI, 34.3–73.1;
I2 = 98 %; very low certainty) did not report symptomatic change
(Fig. 3a-c). Publication bias was not suggested (eFigs. 3–5). One
study showed that more than half of the symptomatic worsening
after vaccination resolved within 3–7 days [27]. In another study,
the symptomatic worsening following vaccination was mostly dri-
ven by fever/chills, fatigue, and muscle/joint pain [28].
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4. Discussion

In this meta-analysis of 12 studies involving 629,093 patients,
we demonstrated that COVID-19 vaccination before SARS-CoV-2
infection was associated with a lower incidence of long COVID,
especially after the second dose. In contrast, in patients with a
prior SARS-CoV-2 infection and ongoing long COVID, vaccination
was not associated with symptomatic deterioration.

Among the reported risk factors of developing long COVID, such
as older age, female sex, and underlying comorbidities [3,4], the
severity of the acute infection is substantial [31,32]. Several studies
reported that the disease severity correlated with the frequency
and duration of sequelae [31–33]. According to a multicenter retro-
spective study, hospitalized and ICU-admitted patients were three
and five times more likely to have long COVID, respectively [31].
Likewise, patients who required supplemental oxygen or mechan-
ical ventilation were more likely to have residual CT abnormalities
at one-year follow-up than those who did not [33]. Since vaccina-
tion is a safe and effective measure to prevent the severe progres-
sion of COVID-19 [12–14], it is plausible that vaccinated patients
presented a lower incidence of long COVID than unvaccinated
patients.

Although the disease severity is a significant risk factor, it is not
the sole contributor to developing long COVID. A nationwide data-
base study revealed that vaccinated patients were less likely to
develop long COVID than unvaccinated patients, even in those
non-hospitalized [16]. In addition, multicenter observational stud-



Fig. 3. Forest plots showing the symptomatic change of long COVID after vaccination (a: improved, b: worsened, c: unchanged).

A. Watanabe, M. Iwagami, J. Yasuhara et al. Vaccine 41 (2023) 1783–1790
ies that matched vaccinated COVID-19 patients with those unvac-
cinated using known risk factors for severe infection showed a
lower incidence of long COVID among vaccinated patients through
28- to 180-day follow-up [24,34]. Notably, other studies showed
that patients with two-dose vaccination were more likely to have
pre-existing comorbidities than those without/one-dose vaccina-
tion [16,24,25]. Since pre-existing comorbidities, such as asthma,
diabetes, obesity, and immunosuppressive conditions, can also be
associated with higher risks of long COVID [3,7,8], our finding that
patients with two-dose vaccination (who were also more likely to
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have pre-existing comorbidities) were associated with lower inci-
dences of long COVID underscored the importance of vaccination
before acute SARS-CoV-2 infection.

The strength of our report lies in the meta-analyses. Since a pre-
vious systematic review did not conduct meta-analyses [19], our
finding adds to the literature and will aid in clear communication
between health professionals and patients. In addition, it should
be noted that two-dose vaccination was associated with a lower
risk of long COVID even compared to one-dose vaccination. As
plenty of articles have demonstrated the efficacy of two-dose vac-
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cination and additional boosters in reducing mortality and severe
cases [13,14,35–37], the more effective protection against acute
infection may also be a reasonable measure to avoid the debilitat-
ing and long-lasting sequelae.

While vaccination before SARS-CoV-2 infection may reduce
long COVID, the effects of vaccination in patients with ongoing
long COVID are poorly understood. We pooled the reported inci-
dences and showed that vaccination was not associated with
symptomatic deteriorations of ongoing long COVID, although the
included studies showed varied results. A longitudinal survey
demonstrated favorable trajectories of long COVID after vaccina-
tion [18]. Symptomatic improvement of long COVID after vaccina-
tion might be explained by the additional antibody production due
to vaccination [27]. A prospective cohort study involving non-
hospitalized patients showed that patients with long COVID had
a lower titer of serum spike IgG/micro-neutralizing antibody com-
pared to those without [38]. However, since the population of the
included studies was substantially heterogeneous, and the major-
ity reported unchanged symptoms following vaccination, further
investigations into specific host factors to predict the course of
long COVID after vaccination are warranted.

Our study could not include enough studies to analyze each of
the symptomatic changes following vaccination. However, it
should be noted that an online survey showed that the majority
of the reported symptoms that worsened following vaccination
were those commonly observed in the general population, such
as fever, chills, and gastrointestinal symptoms [13], while the
symptomatic improvement following vaccination was mainly dri-
ven by brain fog and anosmia, which has been associated with dis-
ability in long COVID [28]. Moreover, as more than half of the
symptomatic worsening after vaccination resolved within 3–7 days
[27], these deteriorations may simply be temporary reactions
rather than long COVID exacerbations [13,27]. In addition, long
COVID patients without confirmed diagnoses of acute SARS-CoV-
2 infection (defined by RT-PCR or serology test) were more likely
to report symptomatic worsening, possibly suggesting increased
nocebo effects in the population without biological proof [28,39].
As such, although a similar proportion of those with ongoing long
COVID reported symptomatic improvement and deterioration in
our study, there is a possibility that our findings might have over-
estimated symptomatic worsening and not have reflected the
actual picture of long COVID exacerbations. Taken together,
COVID-19 vaccination might safely be injected into patients with
ongoing long COVID. Once the safety of vaccination among this
population is proven, this could be an essential step to address vac-
cine hesitancy and promote global health [40].
5. Limitations

This study had several limitations. First, all the included reports
were observational studies, which may have affected a range of
biases. For example, although the severity of the acute infection
appears to be associated with long-term sequelae [33], the propor-
tion of ICU-admitted patients varied in our study. However, as the
vaccination itself is effective in reducing the severe progression of
COVID-19 [12], the overall benefit of the vaccination should still be
highlighted. Second, the definitions of long COVID and its associ-
ated symptoms were not universal across the included studies.
As the only two studies investigating vaccination before SARS-
CoV-2 infection and two studies investigating vaccination after
SARS-CoV-2 infection reported each of the organ-specific impair-
ments (the definitions of which were inconsistent) [16,24,26,29],
detailed analyses on each condition were not allowed; therefore,
our findings should be interpreted with caution. Third, the symp-
tomatic changes after vaccination among patients with long COVID
1789
were assessed using one-group meta-analyses, meaning that the
pooled analyses were not based on comparative data. Furthermore,
since the follow-up durations of the surveys varied from 2 weeks
to 6 months, temporary reactions following vaccination may have
been included in the effect estimations. Fourth, since the observa-
tional periods of the included studies varied widely, we could not
evaluate the impact of different variants of concern [41]. Addition-
ally, the effect of three- or four-dose vaccination on long COVID
could not be measured. Since booster vaccines seem promising
both in preventing infection and severe progression [35–37], these
can also be speculated to be effective in reducing long COVID.
Indeed, the effect size of three-dose vaccination on protection
against long COVID was larger than the two-dose in the healthcare
setting [17]. Future studies on boosters and omicron-specific vacci-
nation are awaited [42].

6. Conclusion

In this systematic review and meta-analysis, COVID-19 vaccina-
tion before SARS-CoV-2 infection may be associated with a reduc-
tion in long COVID, while the majority of those with ongoing long
COVID did not experience symptomatic changes following vaccina-
tion. Our findings should be disseminated to patients without a
history of SARS-CoV-2 infection to reduce the incidence of long
COVID.
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