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ARTICLE INFO ABSTRACT

Keywords: Empirical evidence addressing the association between SARS-CoV-2 vaccination and long COVID would guide
COVID-19 public health priorities and inform personal health decisions. Herein, the co-primary objectives are to determine
SARS-CoV-2

the differential risk of long COVID in vaccinated versus unvaccinated patients, and the trajectory of long COVID
following vaccination. Of 2775 articles identified via systematic search, 17 were included, and 6 were meta-
analyzed. Meta-analytic results determined that at least one vaccine dose was associated with a protective ef-

Long COVID
Post-COVID-19 condition
Post-COVID-19 syndrome

Post-acute sequelae of COVID-19 PASC fect against long COVID (OR 0.539, 95% CI 0.295-0.987, p = 0.045, N = 257 817). Qualitative analysis revealed
Vaccination that trajectories of pre-existing long COVID following vaccination were mixed, with most patients reporting no
Inflammation changes. The evidence herein supports SARS-CoV-2 vaccination for the prevention of long COVID, and recom-
Cognition mends long COVID patients adhere to standard SARS-CoV-2 vaccination schedules.

Prevention

Treatment

Population health

Depression

Bipolar disorder
Mood disorders

1. Introduction as symptoms persisting for a minimum of 4 weeks to 12 weeks following
SARS-CoV-2 infection, is rapidly emerging as a global health priority.

It is well established that COVID-19 is associated with significant The World Health Organization (WHO) defines ‘post-COVID-19 condi-
mortality, as well as morbidity, and that the latter encompasses persons tion’ as “occurring in individuals with a history of probable or confirmed
experiencing post-COVID conditions. Long COVID, differentially defined SARS-CoV-2 infection, usually 3 months from the onset of COVID-19,
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with symptoms that last for at least 2 months and cannot be explained by
an alternative diagnosis”. (Soriano et al., 2021) Ten to 30% of infected
individuals exhibit enduring symptoms, including, but not limited to,
fatigue, cognitive impairment, dyspnea, and mental disorders. (Soriano
et al., 2021; Ceban et al., 2021b; Renaud-Charest et al., 2021) Although
numerous clinical trials are ongoing, (Ceban et al., 2022) there are
currently no safe and effective treatments for long COVID. Recent esti-
mates quantifying the economic burden associated with long COVID
suggest that the condition could account for over 15% of labour short-
ages in the United States. (Bach, 2022).

The accelerated development and approval of multiple vaccines
against SARS-CoV-2 has proven a preeminent strategy in altering the
trajectory of the COVID-19 pandemic. There are currently 50 SARS-CoV-
2 vaccines approved across the globe in different jurisdictions, and 242
vaccine candidates in Phase I-III trials. (COVID19 vaccine tracker, 2022)
Although SARS-CoV-2 vaccination reduces the risk of infection and se-
vere disease, (McDonald et al., 2021) breakthrough cases (i.e., infection
following vaccination[s]) are increasingly frequent. (Gupta and Topol,
2021) Cases of long COVID have been reported to occur following
breakthrough infections (Bergwerk et al., 2021) and the Omicron
variant(s), (Ayoubkhani and Bosworth, 2022) however, the differential
risk of long COVID in breakthrough infections remains to be determined.

A related but separate consideration is the effect of SARS-CoV-2
vaccination on pre-existing long COVID. Fear of exacerbating long
COVID symptoms has contributed to vaccine hesitancy, which may put
individuals at undue risk. (Gaber et al., 2021; Scherlinger et al., 2021)
Moreover, evidence suggests that individuals with long COVID may be
at increased risk of re-infection due to immune system dysfunction,
further underscoring the need to determine the safety of SARS-CoV-2
vaccination in individuals with long COVID. (Sun et al., 2021; Su
et al., 2022) Taken together, a review of the extant literature concerning
the trajectory of pre-existing long COVID following SARS-CoV-2 vacci-
nation is warranted in order to enable patients to make informed health
decisions.

The co-primary objectives of the present review are to 1) determine
the differential risk of long COVID in vaccinated versus unvaccinated
patients, as well as 2) to establish the trajectory of pre-existing long
COVID following SARS-CoV-2 vaccination(s). We hypothesize that
SARS-CoV-2 vaccination will have a protective effect against the
development of long COVID and will not exacerbate pre-existing long
COVID symptoms.

2. Methods
2.1. Data sources and searches

The protocol pertaining to this review was registered on PROSPERO
(CRD42022307220). A systematic search was conducted on PubMed/
MEDLINE, PsycInfo, EMBASE, Web of Science, and Scopus from data-
base inception to January 27, 2022. The search string was: “long COVID
[MeSH] AND vaccines [MeSH]”. We additionally performed manual
searches on Google Scholar and medRxiv incorporating the search term
“breakthrough infection”, as well as manually searched the references of
relevant articles. No language or publication date restrictions were
imposed.

Titles and abstracts were independently screened by two review
authors (FC and DK) using the Covidence platform. (Better systematic
review management, 2022) Articles identified as potentially relevant by
at least one reviewer were retrieved, and duplicates were removed. Full
text-articles were independently screened by two reviewers (FC and
DK), with discrepancies resolved through discussion. Authors of poten-
tially eligible studies were contacted to provide clarification and/or
supplementary data where necessary. This review adhered to the Meta-
analysis of Observational Studies in Epidemiology (MOOSE) (Stroup
et al., 2000) and Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) reporting guidelines. (Moher et al., 2009).
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2.2. Study selection

We sought articles reporting on the association of prior SARS-CoV-2
vaccination and occurrence of long COVID in breakthrough infections (i.
e., co-primary outcome one), and/or the symptom trajectory of pre-
existing long COVID following SARS-CoV-2 vaccination (i.e., co-
primary outcome two). Inclusion criteria were established prior to
article review and were as follows:

1. Qualitative or quantitative data pertaining to at least one of the two
co-primary outcomes, as defined previously.

. ‘Long COVID’ defined as symptoms persisting beyond the acute
phase of COVID-19. All established definitions of long COVID are
permissible, including proprietary definitions proposed by study
authors.

. Median/mean follow-up of at least 4 weeks (28 days) since SARS-
CoV-2 infection.

. Studies reporting on the development/occurrence of long COVID
following breakthrough infection must include a control group of
individuals which did not receive the SARS-CoV-2 vaccine prior to
infection, derived from the same population as the vaccinated group,
or a control group of individuals that received fewer doses of the
SARS-CoV-2 vaccine(s).

. Primary research.

. Presentation as full-text article, including preprints.

The exclusion criteria were:

1. Study does not report data pertaining to the co-primary outcomes.

2. Outcomes reported in the general population, or in persons without a
prior COVID-19 diagnosis and/or SARS-CoV-2 vaccination.

. Long COVID symptom reporting occurs at a median/mean follow-up
time of less than 4 weeks (28 days) since SARS-CoV-2 infection/
COVID-19 diagnosis; this is the rate-limiting symptom duration
across all the established definitions of long COVID.

. Mathematical models/projections intended to predict future case-
loads. Due to the evolving and complex nature of the COVID-19
pandemic, as well as the large variety of statistical models
possible, such forecasts may not be accurate.

. Non-primary research, unpublished data, abstract, case report, study
with a sample size of less than 10, or protocol. Case series including
>10 individuals are eligible for inclusion.

2.3. Data extraction

Published summary data were independently extracted by two re-
viewers (FC and DK) using a piloted data extraction form, then
corroborated, with discrepancies resolved through discussion. Infor-
mation to be extracted was established a priori and included study
characteristics, participant characteristics and subgroups, sample size
and source, treatment (i.e., type and manufacturer of SARS-CoV-2 vac-
cine), summary data of vaccinated and unvaccinated individuals,
number of vaccine doses received, summary data of infected and unin-
fected individuals, modes of ascertainment, follow-up period/symptom
duration, long COVID definition, symptoms, and associated functional
outcomes, and additional quantitative and qualitative results pertaining
to the two co-primary outcome measures, as defined previously.

2.4. Quality assessment

Methodological quality and risk of bias were assessed using the
Newcastle-Ottawa Scale (NOS), (Stang, 2010) modified for cohort and
case-control studies, as well as adapted for cross-sectional studies (as
previously utilized in meta-analyses by our group) (Ceban et al., 2021a;
Ceban et al., 2021b), and the Joanna Briggs Institute (JBI) Checklist for
Case Series was employed for quality appraisal of case series. All
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component studies were independently rated by two reviewers (FC and
DK) and results were corroborated, with discrepancies resolved through
discussion. Modified NOSs, the JBI checklist, and methodological
quality rankings for each study organized by design are provided in the
Supplement.

2.5. Data synthesis and analysis

A meta-analysis of pre-calculated odds ratios (ORs) was undertaken
to determine whether prior SARS-CoV-2 vaccination was associated
with a protective effect against the development/occurrence of long
COVID (i.e., ‘prevention meta-analysis’). Complete statistical methods
are described in the Supplement.

Qualitative analysis via narrative synthesis was undertaken for all
component studies, including those captured in the meta-analyses. A
quantitative analysis was not undertaken to examine the nature of the
association between SARS-CoV-2 vaccination and pre-existing long
COVID due to a high degree of inter-study heterogeneity insofar as study
design and data reporting, as well as the low methodological quality
ratings of many studies reporting data on the foregoing outcome.
Although a meta-analysis was conducted to investigate the association

Records identified through database
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between SARS-CoV-2 and protective effects against long COVID, we
chose to include a narrative analysis to describe additional and/or
nuanced results which were not captured by the meta-analysis.

3. Results
3.1. Overview of component studies

The combined search yielded 2775 articles, of which 34 were eligible
following the removal of duplicates and screening of titles and abstracts.
Seventeen studies were further excluded following full-text screening.
Details of study selection are provided in Fig. 1. Seventeen studies were
included in the present review: 7 cross-sectional studies, (Gaber et al.,
2021; Scherlinger et al., 2021; Strain et al., 2022; Wanga et al., 2021;
Kuodi et al., 2022; Schultheif et al., 2021; Senjam et al., 2021) 3 pro-
spective cohort studies, (Ayoubkhani et al., 2021; Ayoubkhani et al.,
2022; Tran et al., 2021), 5 retrospective cohort studies, (Arjun et al.,
2022; Taquet et al., 2021; Simon et al., 2021; Al-Aly et al., 2021; Herman
et al., 2022) 1 case-control study, (Antonelli et al., 2022) and 1 case
series with prospective enrolment. (Arnold et al., 2021) Four studies
analyzed data from the United States, (Taquet et al., 2021; Simon et al.,

search on PubMed/MEDLINE,
Psycinfo, EMBASE, Web of
Science, and Scopus
(n = 2775)

Records identified through other
sources (medRxiv, Google Scholar)
)

(n=5

Voo

Records after duplicates
removed
(n = 2586)

l

Records screened by title
and abstract
(n =2586)

l

Full-text articles assessed
for eligibility
(n=34)

l

Studies included in
qualitative synthesis
(n=17)

l

Studies included in
quantitative synthesis
(meta-analysis)
(n=6)

Records excluded
(n =2552)

Full-text articles excluded, with
reasons (n =17)

e n =5 case reports/ sample size
n<10

* n =5 no data reported on either
of the co-primary outcomes

e n =4 not primary research

¢ n =2 mathematical/predictive
model

¢ n =1 duplicate data

Fig. 1. PRISMA flow diagram of study selection.
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2021; Wanga et al., 2021; Al-Aly et al., 2021), 3 from the United
Kingdom (UK), (Antonelli et al., 2022; Ayoubkhani et al., 2022;
Ayoubkhani et al., 2021), 2 from England, (Gaber et al., 2021; Arnold
et al., 2021), 2 from France (Scherlinger et al., 2021; Tran et al., 2021)
and India, (Senjam et al., 2021; Arjun et al., 2022), and one from Israel,
(Kuodi et al., 2022) Germany, (Schultheil et al., 2021) and Indonesia,
(Herman et al., 2022) respectively. Strain et al. (Strain et al., 2022)
included data predominantly from the UK, but also from respondents in
Israel, Russia, India, and South Africa. The sample sizes ranged from 36
to 240 648. Respondents were vaccinated with Pfizer-BioNTech
BNT162b2, Moderna mRNA-1273, Janssen Ad26.COV2.S, AstraZeneca
ChAdOx1 nCoV-19, and/or Novavax-Serum Institute of India Covovax
NVX-CoV2373. Table 1 provides detailed characteristics and summaries
of applicable findings pertaining to SARS-CoV-2 vaccination for the
prevention of long COVID, and Table 2 provides detailed characteristics
and summaries of applicable findings pertaining to SARS-CoV-2 vacci-
nation for the treatment of long COVID. Simon et al. (Simon et al., 2021)
reported both on vaccination prior to the development of long COVID
and vaccination post-infection and is thus included in both tables. The
terms ‘long COVID’ and ‘post-COVID-19 condition’ are used inter-
changeably throughout the manuscript; the favoured patient term “long
COVID” is preferentially used in order to increase the accessibility of the
present review to the public.

3.2. Methodological quality and risk of bias

The methodological quality of the included studies varied markedly
depending on study design. The mean NOS score for prospective cohort
studies was 5.33 out of 9 (moderate), 5.60 out of 6 (high) for retro-
spective studies, and 3.29 out of 9 (low) for cross-sectional studies. The
component case-control study (Antonelli et al., 2022) scored 6 out of 8
(moderate) on the NOS, and the case series (Arnold et al., 2021) fulfilled
8 out of 9 criteria on the JBI checklist. NOS rankings within each cate-
gory for individual studies organized by design as well as the completed
JBI checklist are provided in Table 1 of the Supplement.

3.3. Meta-Analysis

3.3.1. SARS-CoV-2 vaccination for the prevention of long COVID

At least one dose of a SARS-CoV-2 vaccine was associated with a
protective effect against the development of long COVID, relative to
individuals who did not receive the SARS-CoV-2 vaccine prior to
infection, or those who received fewer doses (OR 0.539, 95% CI
0.295-0.987, p = 0.045, 2= 96.46, N = 257, 817; Fig. 2a). Although
visual inspection of the funnel plot suggested some asymmetry (Sup-
plement Fig. 1), both the Egger’s (Intercept = 4.325, 1-tailed p = 0.127)
and Begg and Mazumdar rank correlation test (1-tailed p = 0.425) were
not statistically significant.

One-study-removed sensitivity analysis did not markedly influence
the effect size or heterogeneity (Fig. 2b). Parenthetically, following the
removal of Arjun et al., the only study reporting an increased odds of
long COVID following SARS-CoV-2 vaccination (aOR 2.32, 95% CI
1.17-4.58, p = 0.01, N = 487) (Arjun et al., 2022), the OR further
decreased to 0.414, (95% CI 0.228, 0.751; = 96.33, N = 257, 330;
Fig. 2¢), now representing a greater than 50% reduction in the odds of
presenting with long COVID following breakthrough infection.

3.4. Narrative synthesis

3.4.1. SARS-CoV-2 vaccination for the prevention of long COVID

Taken together, 7 out of 9 studies investigating the frequency of long
COVID in breakthrough COVID-19 infections reported that SARS-CoV-2
vaccination prior to infection was associated with a lower incidence of
long COVID when compared to unvaccinated individuals (Table 1).
Among the 2 studies which did not cite protective effects of SARS-CoV-2
vaccination, Taquet et al. reported that one dose of the BNT162b2

214

Brain Behavior and Immunity 111 (2023) 211-229

Pfizer-BioNTech, mRNA90-1273 Moderna, or Ad26.COV2.S Janssen
SARS-CoV-2 vaccines was not associated with a decrease in reporting
long COVID features post-infection (HR 1.01, 95% CI 0.96-1.05, p =
0.83, Bonferroni-corrected p > 0.99, N = 18 958), (Taquet et al., 2021)
whereas Arjun et al. determined that two doses of the Novavax-Serum
Institute India Covovax vaccine were associated with an increased
odds of long COVID (aOR 2.32, 95% CI 1.17-4.58, p = 0.01, N = 487).
(Arjun et al., 2022) The association for one dose was not statistically
significant (aOR 1.88, 95% CI 0.84-4.22, p = 0.13). (Arjun et al., 2022)

Amongst studies which reported a statistically significant association
between prior SARS-CoV-2 vaccination and a reduced risk of long
COVID, the magnitude of the protective effect varied. Prior vaccination
was associated with a 78.0% to 41.1% decrease in the odds or risk of self-
reported long COVID, (Antonelli et al., 2022; Herman et al., 2022;
Ayoubkhani et al., 2022; Senjam et al., 2021) and Al-Aly et al. (N = 64
571) reported that the hazard rate of post-acute sequelae was 13% lower
in the vaccinated group. (Al-Aly et al., 2021)

Results were inconclusive as to whether one dose of a SARS-CoV-2
vaccine was sufficient to reduce the risk of developing long COVID.
Two studies reported a statistically significant association between one
dose of a SARS-CoV-2 vaccine and a reduced incidence of long COVID.
(Simon et al., 2021; Al-Aly et al., 2021) Conversely, 4 studies reported
no significant association between one dose of a SARS-CoV-2 vaccine
and decreased reporting of long COVID. (Antonelli et al., 2022; Taquet
etal., 2021; Kuodi et al., 2022; Arjun et al., 2022) Notably, both Herman
et al. (N = 442) and Ayoubkhani et al. (N = 6180) found that the pro-
tective effects of vaccination against the development of long COVID
decreased as the interval between vaccination and infection increased.
(Herman et al., 2022; Ayoubkhani et al., 2022)

Where studies reported on individual long COVID symptoms, pro-
tective effects of vaccination tended to vary by long COVID symptom
category. Al-Aly et al. reported that the risk of post-acute sequelae in the
cardiovascular, coagulation, metabolic, and pulmonary organ systems,
as well as risk of fatigue, was significantly lower in those with break-
through COVID-19 compared with those with COVID-19 but without
prior SARS-CoV-2 vaccination. Conversely, the lower risk was not sta-
tistically significant for post-acute sequelae affecting the kidney,
gastrointestinal, mental health, and neurologic organ systems. (Al-Aly
et al., 2021) Furthermore, Kuodi et al. (N = 3388) determined that those
who received two SARS-CoV-2 vaccine doses were less likely than un-
vaccinated individuals to report post-COVID fatigue by 64%, headache
by 54%, arm or leg weakness by 57%, and muscle pain by 68% (RRs
0.36, 0.46, 0.43, 0.32; p < 0.04 for each, respectively). (Kuodi et al.,
2022) The reported associations for other long COVID symptoms were
not statistically significant. Herman et al., which delimited their analysis
to olfactory dysfunction, reported that breakthrough infections occur-
ring >14 days following full SARS-CoV-2 vaccination were associated
with a 69% lower odds of developing olfactory dysfunction (aOR 0.31,
95% CI 0.102-0.941, N = 442). (Herman et al., 2022)

Taken together, associations between SARS-CoV-2 vaccination and
the development/occurrence of long COVID did not tend to vary by
vaccine type or manufacturer, with the exception of results reported by
Arjun et al., the only study wherein participants received the Novavax-
Serum Institute of India Covovax. (Arjun et al., 2022) The majority of
studies included individuals vaccinated with more than one vaccine
brand, and protective effects were reported for Pfizer-BioNTech
BNT162b2, Oxford-AstraZeneca ChAdOx1 nCoV-19, Moderna mRNA-
1273, and Janssen Ad26.COV2.S. Furthermore, several studies stated
that intra-study results did not vary by vaccine manufacturer and/or
type. (Simon et al., 2021; Ayoubkhani et al., 2022)

3.4.2. SARS-CoV-2 vaccination for the treatment of long COVID

Seven of 9 studies determined that the majority of individuals pre-
senting with long COVID at baseline did not experience changes in their
symptoms following 1 or more SARS-CoV-2 vaccine doses. (Gaber et al.,
2021; Scherlinger et al., 2021; Schultheif et al., 2021; Wanga et al.,
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Table 1

Studies investigating SARS-CoV-2 vaccination for the prevention of long COVID (n = 9).
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Study Country Study Design Sample Source Total Sample Vaccinated Control Group Long COVID Summary of
(Treatment) Group Definition/Persistent ~ Findings

COVID-19

Symptoms and

Frequency

Al-Aly et al., United Retrospective United States n= 64571 e n=16 035 e n=48536 e 6 month burdenof  Those with
2021* States Cohort Veterans Health Age range: >18 received without prior post-acute breakthrough

Administration Mean (SD) age*: Janssen Ad26. COVID-19 sequelae (cardio- COVID-19

(VHA) EHR 66.62 (13.79) COV2.S, vaccination, vascular, coagula- exhibited a lower
Mean (SD) Moderna with COVID-19 tion, gastrointes- risk of post-acute
age**: 56.07 mRNA-1273, or positive test, tinal, kidney, sequelae and
(15.72) Pfizer-BioNTech and alive 30 mental health, burden (-30.60;
Sex (%F/%M)*: BNT162b2 days after date metabolic, muscu- 95% CI —42.25,
8.68/91.32 vaccination of first positive loskeletal, neuro- —18.49) compared
Sex (%F/% prior to first COVID-19 test logic, and the to those with
M)**: 14.15/ positive COVID- (control group) pulmonary sys- COVID-19 and no
85.85 19 test (break- e Treatment and tem, as well as prior history of
*breakthrough through cases, control groups fatigue) SARS-CoV-2
cases, prior to treatment were weighted e Outcomes vaccination.
weighting group) for analysis assessed starting The risk of post-
**no prior SARS- from 30 days after ~ acute sequelae in
CoV-2 date of first the
vaccination, positive COVID-19 cardiovascular,
prior to weighting test coagulation,

e Incident post- metabolic, and
acute sequelae pulmonary organ
examined in systems, as well as
cohort with no risk of fatigue, was
record of the lower in those
condition in the with breakthrough
year prior to date COVID-19 vs.
of first positive those with COVID-
COVID-19 test 19 and without

prior SARS-CoV-2
vaccination. The
lower risk was not
statistically
significant for
post-acute
sequelae in
affecting the
kidney,
gastrointestinal,
mental health, and
neurologic organ
systems.
Antonelli United Case-control COVID n = 16,800 e Received a first o Negative e Self-reported via The odds of
et al., 2022 Kingdom Symptom Study Age range: >18 or second dose COVID-19 test COVID Symptom reporting
mobile phone Mean (SD) age*: of a SARS-CoV-2 at least 14 days Study mobile persistent
app 50.2 (14.1) vaccine (Pfizer- after first phone app symptoms were

Mean (SD) BioNTech COVID-19 e Symptoms lasting approximately

age**: 52.9 BNT162b2, Ox- vaccination but >28 days after halved (OR 0.51,

(13.5) ford- AstraZe- before second post-vaccination 95% CI 0.32-0.82,

Mean (SD) neca ChAdOx1 (n = 6030; infection p = 0.0015) by

age***: 51.7 nCoV-19, or controls 1), or having two SARS-

(14.5) Moderna reporting a CoV-2 vaccine

Mean (SD) mRNA-1273) negative doses. The odds of

age****: 54.0
(13.1)

Sex (%F/%M)*:
62.5/37.5

Sex (%F/%
M)**: 61.2/38.8
Sex (%F/%
M)***: 62.5/
37.5

Sex (%F/%
M)****: 61.2/
38.8

*cases 1

**cases 2
***controls 1

“xcontrols 2

Had either a
positive COVID-
19 test (RT-PCR
or lateral flow)
at least 14 days
after their first
vaccination but
before their sec-
ond (n = 6030;
cases 1), or a
positive test at
least 7 days
after their sec-
ond vaccination
(n = 2370; cases
2)

>14 days of app
use after testing

215

COVID-19 test
at least 7 days
after second
vaccination (n
= 2370; con-
trols 2)

No prior SARS-
CoV-2 vaccina-
tion, reporting
a positive
COVID-19 test,
and > 14 days
of app use after
testing positive
(n = 3825;
controls 3, and
n = 906; con-
trols 4,

reporting
persistent
symptoms were
not significantly
associated with
one prior SARS-
CoV-2 vaccine
dose (OR 1.04,
95% CI 0.86-1.25,
p = 0.691).
Reported rates of
persistent
symptoms lasting
> 28 days post-
infection are as
follows:

cases 3: 229/2479
(9.2%)

(continued on next page)
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Table 1 (continued)

Brain Behavior and Immunity 111 (2023) 211-229

Study Country Study Design Sample Source Total Sample Vaccinated Control Group Long COVID Summary of
(Treatment) Group Definition/Persistent ~ Findings
COVID-19
Symptoms and
Frequency
positive for matched to cases 4: 31/592
COVID-19 (n = cases 3 and 4, (5.2%)
3825 cases 3, respectively) controls 3: 296/
and n = 906 2762 (10.7%)
cases 4, subsets controls 4: 55/482
of cases 1 and 2, (4%)
respectively)
Arjun et al., India Retrospective Department of n = 487 e RT-PCR e n=119 e As per NICE Having received 2
2022* Cohort Community Age range: >18 confirmed (24.5%) did guidelines, doses of SARS-
Medicine and Mean (SD) age: SARS-COV-2 not receive a individuals were CoV-2 vaccination
Family 39 (15) infection and SARS-CoV-2 contacted via was significantly
Medicine, All Sex (%F/%M): either hospital- vaccine telephone >4 associated with
India Institute of ~ 40.9/59.1 ized or treated weeks from date long COVID (aOR
Medical as outpatients of COVID-19 2.32, 95% CI
Sciences e n=287 (58.9%) diagnosis 1.17-4.58,p =
Bhubaneswar received two e Self-report of long  0.01). One dose
doses of a SARS- COVID symptoms was not
CoV-2 vaccine, e Median follow-up significantly
n =81 (16.6%) of 44 days (IQR associated with
received one 39-47) long COVID.
dose e Long COVID was
e Majority reported by 29.2%
vaccinated with (95% CI:
Serum Institute 25.3-33.4%) of
of India participants
Covovax
Herman et al., Indonesia  Retrospective Indonesian n =442 e n =221 fully e n=221 e Long COVID Breakthrough
2022* cohort POST-COVID Mean (SD) age*: vaccinated (i.e. infected with defined as ‘signs infections
retrospective 31.60 (8.58) 2 doses) and SARS-CoV- and symptoms occurring > 14
longitudinal Mean (SD) infected with 2<14 days developed during days following full
data (online age**: 32.49 SARS-CoV- following full or following a SARS-CoV-2
questionnaire) (10.39) 2>14 days SARS-CoV-2 disease consistent vaccination were
(%F/%M)*: following full vaccination or with COVID-19 associated with a
50.2/49.8 vaccination not fully vacci- and which 69% lower odds of
Sex (%F/% (confirmed by nated for continue for >4 developing
M)**: RT-PCR and/or SARS-CoV-2 weeks but are not olfactory
49.8/50.2 Antigen test). (either incom- explained by dysfunction (aOR
*double e The majority plete or alternative 0.31, 95% CI
vaccinated, after received 2 doses unvaccinated) diagnosis.” 0.102-0.941).
matching of the e 1:1 propensity- e Olfactory The greater the
**unvaccinated, inactivated viral score matched dysfunction was interval between
after matching vaccine (n = individuals assessed at 2 and the second dose
441 Sinovac, n unvaccinated 4 weeks after and SARS-CoV-2
=1 Oxford- or vaccinated negative infection, the
AstraZeneca). with 1 dose for conversion via greater the odds of
e The average COVID-19 or PCR using a self- developing long
period to reach infected <14 measured mini ol- COVID (aOR 1.012
full vaccination days of full factory question- 95% CI
with the vaccination naire (MOQ) 1.002-1.022, p =
inactivated viral 0.015).
vaccine was 24
+6.41 days;
during this time,
no heterologous
vaccine, and
booster were
administered
Kuodi et al., Israel Cross- Ziv Medical n = 3388 e 1= 340 (36%) e n=317 e Assessed via After adjusting for
2022* sectional Centre, Age range: >18 vaccinated with unvaccinated modified ISARIC follow-up time
(nested in Padeh-Poriya Mean age: N/A 1 dose of Pfizer- for SARS-CoV- online and baseline
prospective Medical Centre, Sex (%F/%M): BioNTech 2 and RT-PCR questionnaire symptoms, those
cohort) and Galilee N/A BNT162b2 and tested positive e 337/951 (35%) of  who received two

Medical Centre

RT-PCR tested
positive for
COVID-19

n = 294 (31%)
vaccinated with
2 + doses of
Pfizer-BioNTech
BNT162b2 and
RT-PCR tested
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for COVID-19
(control 1)

n = 2437
unvaccinated
for SARS-CoV-
2 and RT-PCR
tested negative
for COVID-19
(control 2)

infected
participants
reported not fully
recovering from
initial COVID-19
symptoms at
follow-up

The most
commonly
reported

SARS-CoV-2
vaccine doses
were less likely
than unvaccinated
individuals to
report post-COVID
fatigue by 64%,
headache by 54%,
arm or leg
weakness by 57%,

(continued on next page)
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Study Country Study Design Sample Source Total Sample Vaccinated Control Group Long COVID Summary of
(Treatment) Group Definition/Persistent ~ Findings
COVID-19
Symptoms and
Frequency
positive for persistent and muscle pain
COVID-19 symptoms were by 68% (RRs 0.36,
e Some fatigue (22%), 0.46, 0.43, 0.32; p
individuals headache (20%), < 0.04 in the listed
were infected weakness in arms sequence). Those
prior to or legs (13%), and who received two
vaccination persistent muscle SARS-CoV-2
while others pain (10%) vaccine doses
were e The median (IQR) were no more
breakthrough time between likely to report any
cases acute illness and of these symptoms
e Because of reporting than individuals
vaccination symptoms 302 reporting no
policy in Israel (296) days previous SARS-
at the time that CoV-2 infection.
recommended a Adjusted RR for
single dose for recovery from
previously COVID-19
infected following two
individuals, it is doses 0.981
likely that most (0.798-1.206, p =
individuals who 0.856).
received a single The foregoing
dose were associations were
infected prior to largely not seen
vaccination amongst
whereas those individuals who
who received received a single
two doses were dose of a SARS-
infected after CoV-2 vaccine,
receiving their who were in most
vaccines cases likely to
have been infected
prior to
vaccination within
this study
(recovery from
COVID-19
unadjusted RR
1.019, 95% CI
0.893-1.163, p =
0.778).
Senjam et al., India Cross- Tertiary n=773 e n=191(24.7%) e n=407 e Symptom(s) Receiving two
2021* sectional healthcare Age range: >18 received two (52.7%) persisting >4 doses of a SARS-
institute in Median age: 34 doses prior to unvaccinated weeks from date CoV-2 vaccine
Delhi (IQR 27-44) testing positive when infected of SARS-CoV-2 prior to infection
Sex (%F/%M): for SARS-CoV-2 with SARS- positive test was associated
43.6/56.4 (RT-PCR or CB- CoV-2 e Assessed via with a reduction in

NAAT test self-
reported by
study
participants)
n=175(22.6%)
received one
dose prior to
testing positive
for SARS-CoV
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proprietary semi-
structured ques-
tionnaire (admin-
istered online
remotely)

n = 257 (33.2%)
reported short
term post COVID-
19 symptoms (ST-
PCS): symptoms
present >4 weeks
after the SARS-
CoV-2 positive test
and lasting < 12
weeks

n =99 (12.8%)
reported long
term post COVID-
19 symptoms (LT-
PCS): symptoms
present >12
weeks after SARS-
CoV-2 positive test

the odds of self-
reported long
COVID (aOR 0.55;
95 %CI
0.37-0.85). One
dose was not
associated with a
protective effect
against the
development of
long COVID (aOR
1.00, 95% CI
0.66-1.49).

(continued on next page)
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Study Country Study Design Sample Source Total Sample Vaccinated Control Group Long COVID Summary of
(Treatment) Group Definition/Persistent ~ Findings
COVID-19
Symptoms and
Frequency
e The most
prevalent
symptoms were
fatigue (79.3%),
pain in the joints
(33.4%),and
muscle (29.9%),
hair loss (28.0%),
headache
(27.2%),
breathlessness
(25.3%), sleep
disturbance
(25.3%), and
cough (24.9%)
Simon et al., United Retrospective Arcadia Data n = 240 648 e n=2392 e n =220 460 e Distinct long Individuals who
2021** States Cohort Research Age range: N/A (1.0%) (91.6%) had COVID symptoms received one dose
Mean (SD) age: individuals not received reported 12 + of a SARS-CoV-2
N/A received their any vaccine weeks following vaccine prior to
Sex (%F/%M): first COVID-19 against COVID- COVID-19 diag- COVID-19
59.9/40.1 vaccination 19 prior to nosis, categorized infection were
prior (mRNA COVID-19 by body system 4.5x less likely to
vaccines diagnosis or up (cardiovascular, report any long
[Pfizer- to 12-weeks constitutional, COVID symptom
BioNTech and after their ears/nose/mouth/ (OR 0.220, 95% CI
Moderna] or the COVID-19 throat, gastroin- 0.196-0.245, p <
inactivated viral diagnosis testinal, musculo- 0.005) and 8.8x
vaccine [Jans- (reference skeletal, neuro- less likely to report
sen]) to COVID- group) logical, and/or 2 + long COVID
19 diagnosis respiratory) symptoms. The
(ICD-10 code e n=90319 foregoing result
U07.1 at any (37.5%) reported applies regardless
time or B97.29 any long COVID of the
prior to May symptoms, n = 40  manufacturer of
2020 in a medi- 578 (16.9%) the vaccine.
cal encounter, reported 2 +
or received a symptoms
positive result
from a COVID-
19 nucleic acid
amplification or
antigen test
result)
Taquet et al., United Retrospective TriNetX EHR n =18 958 e n = 9479 e 1:1 propensity- e ICD-10 codes Receiving at least
2021* States Cohort network Age range: N/A individuals score matched representing one SARS-CoV-2
Mean (SD) age*: received a individuals documented vaccine dose prior
56.5 (18.0) SARS-CoV-2 unvaccinated COVID-19 to infection was
Mean (SD) vaccine for COVID-19 sequelae occur- not significantly
age**: 57.6 (BNT162b2 who had ring in the 6 associated with
(20.6) Pfizer- received an months after a decreased of
Sex (%F/% BioNTech, influenza vac- confirmed COVID-  reporting any long
M)*:59.9/40.1 mRNA-1273 cine at any 19 infection COVID features
Sex (%F/% Moderna, or time e long COVID (HR 1.01, 95% CI
M)**:60.8/39.2 Ad26.COV2.S features include 0.96-1.05, p =
71.6% white* Janssen) at least any of the 0.83, Bonferroni-
72.5% white** 2 weeks prior to following: corrected p = 1.0),
*vaccinated COVID-19 abdominal The risk of several
(matched) infection (ICD- symptoms, individual long
**unvaccinated 10 code U07.1 abnormal COVID features
(matched) or positive PCR) breathing, were negatively
anxiety/ associated with
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depression, chest/
throat pain,
cognitive
symptoms,
fatigue, headache,
myalgia, other
pain

prior SARS-CoV-2
vaccination, but
did not survive
correction for
multiple
comparisons:
myalgia (HR 0.78,
332 95% CI
0.67-0.91),
fatigue (HR 0.89,
95% CI

(continued on next page)
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Study Country Study Design Sample Source Total Sample Vaccinated Control Group Long COVID Summary of
(Treatment) Group Definition/Persistent ~ Findings
COVID-19
Symptoms and
Frequency
0.81-0.97), and
pain (HR 0.90,
95% CI
0.81-0.99), with
potentially
additional
protection after a
second dose of the
SARS-CoV-2
vaccine against
abnormal
breathing (HR
0.89, 95% CI
0.81-0.98) and
cognitive
symptoms (HR
0.87, 95% CI
0.76-0.99).
Office of United Prospective UK Coronavirus n=6180 e n=3090 e n=3090 e Symptoms self- Receiving two
National Kingdom Cohort (COVID-19) Age range: received two individuals reported at least doses of a SARS-
Statistics Infection Survey ~ 18-69 doses of a SARS- unvaccinated 12 weeks after COV-2 vaccine
Data [CIS]) data to Mean (SD) age*: CoV-2 vaccine when infected, COVID-19 prior to infection
Ayoubkhani November 2021 49.0 (12.0) (Oxford/Astra- and remained infection was associated
et al., 2022 Mean (SD) Zeneca ChA- so at their first with a 41.1%
age**: 46.7 dOx1 nCoV-19, follow-up visit decrease in the
(11.2) Pfizer/Bio- at least 12 odds of self-
Sex (%F/%M)*: NTech weeks later reported long
54.2/45.8 BNT162b2, e Double- COVID, relative to
Sex (%F/% and/or Moderna vaccinated and socio-
M)**:53.7/46.3 mRNA-1273) at unvaccinated demographically
91.8% white* least two weeks participants similar study
91.2% white** prior to testing were 1:1 participants who
*double positive for propensity- were not

vaccinated, after
matching
**unvaccinated,
after matching

COVID-19 (PCR
at study visits,
or any swab test
in national
testing pro-
grammes as self-
reported by
study
participants)

score matched

vaccinated when
infected (aOR
0.589, 95% CI
0.501-0.691).
9.5% (95% CI
8.5-10.6%) of
double vaccinated
individuals
reported long
COVID symptoms
of any severity
vs.14.6% (95% CI
13.4-15.9%)
unvaccinated
individuals. The
corresponding
estimates for long
COVID symptoms
severe enough to
result in limitation
to day-to-day
activities were
5.5% (95% CI
4.8-6.4%) and
8.7% (95% CI
7.7-9.7%),
respectively.
There was no
statistically
significant
difference in
outcomes between
adenovirus vector
(aOR 0.623, 95%
CI 0.514-0.714)
vs. mRNA (aOR
0.504, 95% CI
0.370-0.685)

vaccines.
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*preprint article (not peer-reviewed) as of January 28, 2022.
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**Simon et al. reported on both vaccination prior to development of long COVID, and vaccination post factum.

Age is reported in years. ‘Doses’ refer to SARS-CoV-2 vaccine doses.

Acronyms: N/A: Not Available, SF-36: Short Form-36 Health Survey, WEMWBS: Warwick-Edinburgh Mental Wellbeing Scale, 95% CI: 95% confidence interval, OR:
odds ratio, aOR: adjusted OR, HR: hazard ratio, RR: relative risk, COVID-19: coronavirus 2019.

2021; Ayoubkhani et al., 2021; Tran et al., 2021; Arnold et al., 2021)
Conversely, Strain et al. reported that 57.9% of individuals (470 of 812
respondents, N = 812) experienced improvement in symptoms following
vaccination, compared to 24.3% reporting no change, and 17.9%
reporting deterioration. (Strain et al., 2022) Moreover, amongst studies
which reported post-vaccination long COVID outcomes as 3 dichoto-
mous categories (i.e., ‘improved’, ‘worsened’, or ‘stayed the same’), the
proportion of individuals reporting improvements exceeded the pro-
portion reporting worsening in all but one study; (Arnold et al., 2021;
Gaber et al., 2021; Strain et al., 2022; Wanga et al., 2021; Tran et al.,
2021) Scherlinger et al. reported that 21.8% experienced global
improvement and 31% experienced global worsening of long COVID
symptoms (N = 567). (Scherlinger et al., 2021) Furthermore, Simon
et al. reported that individuals whose first SARS-CoV-2 vaccination
occurred within 12 weeks following COVID-19 diagnosis were signifi-
cantly less likely to report long COVID symptoms than if they had
remained unvaccinated, with earlier vaccine administration associated
with a greater likelihood of not reporting long COVID (N = 240 648).
(Simon et al., 2021)

The component studies did not report marked differences regarding
the association of one versus two SARS-CoV-2 vaccine doses and changes
in pre-existing long COVID symptoms. One and two doses were associ-
ated with similar proportions of individuals reporting improvement and
worsening of symptoms, with the majority citing no changes. However,
Ayoubkhani et al. reported an initial 12.8% (95% CI —18.6% to —6.6%)
decrease in the reporting of long COVID for first vaccination compared
to an 8.8% decrease (95% CI —14.1% to —3.1%) in the odds of long
COVID following the second dose, (Ayoubkhani et al., 2021) suggesting
that the first dose may produce a greater initial reduction as compared to
the second (i.e., ceiling effect of symptom resolution).

Only one study described differences in the post-vaccination trajec-
tory of pre-existing long COVID between vaccine types. Strain et al.
noted a 58% improvement vs. 19% deterioration for Oxford-
AstraZeneca ChAdOx1 nCoV-19, 56% improvement vs. 18% deteriora-
tion for Pfizer-BioNTech BNT162b2, and 66% improvement vs. 12%
deterioration for the Moderna mRNA-1273, with the rest of respondents
reporting no difference in long COVID symptoms pre and post vacci-
nation. (Strain et al., 2022) As such, mRNA vaccines were superior to the
adenoviral vaccine in the foregoing study. Conversely, 3 studies noted
no statistically significant differences between vaccine types and/or
manufacturers, (Scherlinger et al., 2021; Ayoubkhani et al., 2021;
Arnold et al., 2021) with the remainder component studies either
including only one make of vaccine or not stratifying results by vaccine
type/manufacturer. (Gaber et al., 2021; Schultheil et al., 2021; Wanga
et al., 2021; Tran et al., 2021).

Three studies stratified changes in long COVID by symptoms.
Ayoubkhani et al. reported that following the first SARS-CoV-2 vacci-
nation, the largest numerical decreases were observed for loss of smell
(—12.5%, 95% CI —21.5% to —2.5%), loss of taste (-9.2%, 95% CI
—19.8% to +2.7%), and trouble sleeping (-8.8%, 95% CI —19.4% to
+3.3%). (Ayoubkhani et al., 2021) After the second vaccination, the
largest numerical decreases were observed for fatigue (-9.7%, 95% CI
—16.5% to —2.4%), headache (-9.0%, 85% CI —18.1% to +1.0%), and
trouble sleeping (-9.0%, 95% CI —18.2% to +1.2%). (Ayoubkhani et al.,
2021) Gaber et al. reported that 8/14 (57%) experienced improvement
of respiratory sequelae, 4/14 (28.6%) reported improvements in fatigue,
5/14 (36%) of anxiety, and 2/14 (14.3%) of other symptoms (N = 67).
(Gaber et al., 2021) In terms of long COVID deterioration, 3/8 (37.5%)
reported worsening of fatigue, 1/8 (12.5%) of respiratory symptoms,
and 2/8 (25%) of anxiety. (Gaber et al., 2021) Scherlinger et al. reported
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that long COVID deterioration was mostly represented by worsening of
fever/chills (74%), gastro-intestinal symptoms (70%), paresthesia
(64%), and arthralgia (63%). (Scherlinger et al., 2021) Conversely,
improvements were most frequently exhibited in anosmia (62%) and
brain fog (51%). (Scherlinger et al., 2021)

4. Discussion
4.1. Summary of results

This systematic review and meta-analysis identified that at least one
dose of a SARS-CoV-2 vaccine may be protective against the develop-
ment of long COVID in breakthrough infection. Furthermore, in most
cases, vaccination did not affect the symptom trajectory of pre-existing
long COVID, and a greater number of individuals experienced
improvement versus deterioration of pre-existing post-COVID symptoms
after vaccination. Notably, there was a lack of evidence that SARS-CoV-2
vaccination exacerbates pre-existing long COVID symptoms. As such, it
is recommended that long COVID patients adhere to standard SARS-
CoV-2 vaccination schedules.

It stands to reason that SARS-CoV-2 vaccination can prevent the
development of long COVID by preventing SARS-CoV-2 infection, which
is not accounted for in the present analysis. However, the mechanisms
whereby SARS-CoV-2 vaccination may be able to thwart or decrease
severity of long COVID following breakthrough infection are more
nuanced. The pathophysiology underlying long COVID can be broadly
categorized as 1) direct viral effects of SARS-CoV-2, 2) secondary in-
flammatory effects of infection, 3) post-critical illness, and 4) other (e.g.,
psychological or ‘nocebo’ factors). (Crook et al., 2021)

In keeping with the foregoing paradigm, vaccination may decrease
the intensity of the acute phase immune response and enable faster
clearance of SARS-CoV-2, preventing or lessening the extent of organ
damage, immune dysfunction, and exacerbation of pre-existing disease,
as well as enabling the clearance of persistent post-acute viral reservoirs.
It is well documented that breakthrough SARS-CoV-2 infections are
phenotypically milder compared to infections in unvaccinated persons,
as well as associated with less immune dysregulation. (Rovida et al.,
2021; Chia et al., 2021) Furthermore, previous work has determined
that vaccination may prevent the development of autoantibodies
following breakthrough infections, (Arunachalam et al., 2021) which
may partly account for the protective effects against long COVID.
Moreover, SARS-CoV-2 vaccination has been shown to counter SARS-
CoV-2- induced pathogenic double memory B cell subsets, the pres-
ence of which may correlate with the production of autoantibodies
possibly implicated in the development of long COVID symptoms.
(Mishra et al., 2021)

Variation in the symptom trajectory of pre-existing long COVID
following vaccination may reflect underlying biological heterogeneity
and/or differential etiology. Multiple risk factors for long COVID at the
time of COVID-19 diagnosis have been determined, including type 2
diabetes, SARS-CoV-2 RNAemia, Epstein-Barr virus viremia, and specific
autoantibodies. (Su et al., 2022) Therefore, severity of acute episode, as
well as effect of vaccination, may vary depending on the unique com-
bination of genetic, environmental, and behavioral traits of the indi-
vidual. Similarly, long COVID symptoms may affect SARS-CoV-2 vaccine
efficacy; for example, individuals with mental disorders such as
depression and anxiety — features of long COVID — (Renaud-Charest
et al., 2021) have been shown to exhibit attenuated post-vaccination
immune responses. (Xiao et al., 2022) The foregoing associations may
be attributable to immunological dysregulation, including a persistent
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Table 2

Studies investigating SARS-CoV-2 vaccination for the treatment of long COVID (n = 9).

Brain Behavior and Immunity 111 (2023) 211-229

Study Country Study Design Sample Source Total Sample Vaccination Status Long COVID Definition/ Summary of Findings
Persistent COVID-19
Symptoms
Arnold et al.,  England Case Series (with North Bristol NHS  n =36 e n = 18 vaccinated e n =36 reported 1 + Among the 159 long
2021 prospective Trust Age range: >18 with 1 dose of Pfizer- ongoing long COVID COVID symptoms
enrolment) Median (IQR) BioNTech BNT162b symptoms prior to reported prior to
age: 64 e n = 18 vaccinated vaccination at the vaccination, 37/159
(53-73) with 1 dose of follow up 8 months (23.2%) had improved,
Sex (%F/%M): Oxford-AstraZeneca following admission 9/159 (5.6%) had
42/58 ChAdOx1 nCoV-19 e Median 4 (IQR 2-5) worsened, and 113/
o All previously symptoms per patient, 159 (71.1%) were
hospitalized for total of 159 symptoms unchanged at a median
COVID-19 self-reported of 30 days (IQR 26-36)
e Top reported symptoms  post vaccination. There
were fatigue: 75%, was no significant
breathlessness: 61%, worsening in quality-
insomnia: 53% of-life metrics before
e Pre-vaccination quality vs. after vaccination (t
of life was markedly test p > 0.1 for all SF-
reduced from 36 comparisons).
population norms Mental well-being
e Participants telephoned  (ascertained via the
a median of 30 (IQR WEMWRBS) was stable
26-36) days after in vaccinated
vaccination to participants before and
investigate changes in after vaccination
symptoms and quality (median, 49 [IQR
of life 42-54] vs. 50 [IQR
40-59], respectively).
There was no
difference in outcome
measure between the
Pfizer-BioNTech vs.
Oxford-AstraZeneca
vaccines (t test p >
0.1).
Ayoubkhani United Prospective Cohort Office for National n =28 356 e n =28 356 e n = 6729 reported long  First SARS-CoV-2
et al., Kingdom (uncontrolled) Statistics (ONS) Age range: vaccinated post- COVID of any severity vaccination was
2021* COVID-19 18-69 infection with 1 or 2 at least once during associated with an
Infection Survey Mean (SD) doses of Oxford- follow-up initial 12.8% decrease
(CIS) age*: 46 (14) AstraZeneca ChA- e n = 4747 reported long  (95% CI —18.6% to

Sex (%F/%
M)*: 55.6/44.4
88.7% white*
*at the last
study visit
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dOx1 nCoV-19,
Pfizer-BioNTech
BNT162b2, or Mod-
erna mRNA-1273
SARS-CoV-2 vaccine
and test-confirmed
COVID-19 infection
at least 12 weeks
before final study
visit

Median follow up
time of 169 days;
141 days from first
vaccination (among
all participants) and
67 days from second
vaccination (84% of
participants)
Participants
underwent a median
of 4 (IQR 2-5) study
visits after their first
dose and, among
those double-
vaccinated, 2 (1-3)
visits after their sec-
ond dose

COVID resulting in
activity at least once
during follow-up

Long COVID was
defined as symptoms
attributable to SARS-
CoV-2 infection persist-
ing for at least 12 weeks
(NICE definition)
Self-reported from pre-
specified list of 21 indi-
vidual symptoms

—6.6%) in the odds of
Long COVID but
increasing by 0.3%
(95% CI —0.6% to +
1.2%) per week after
the date of first
vaccination. Second
SARS-CoV-2
vaccination was
associated with an
8.8% decrease (95% CI
—14.1% to —3.1%) in
the odds of Long
COVID, with the odds
subsequently
decreasing by 0.8%
(-1.2% to —0.4%) per
week after the date of
second vaccination.
First vaccination was
associated with an
initial 12.3% decrease
(95% CI —19.5% to
—4.5%) in the odds of
activity-limiting Long
COVID, followed by an
increase of 0.9%
(-0.2% to + 1.9%) per
week until receiving
the second dose.
Second vaccination
was associated with an
initial 9.1% decrease
(-15.6% to —2.1%) in

(continued on next page)
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Study Country

Study Design

Sample Source

Total Sample

Vaccination Status

Long COVID Definition/
Persistent COVID-19

Symptoms

Summary of Findings

Gaber et al.,
2021

England

Cross-sectional

Wrightington,
Wigan, and Leigh
NHS

Trust Hospitals

n=67

Age range:
18-65

Mean age: N/A
Sex (%F/%
M)*: 91/9
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e n = 67 vaccinated
with one dose of
Pfizer-BioNTech
BNT162b2

e Questionnaire
concerned changes in

e NHS long COVID clinic
patients

o Fatigue (75%),
shortness of breath
(53%), and anxiety
(18%) were the most

the odds, followed by a
decrease of 0.5%
(-1.0% to + 0.05%) per
week.

The odds of
experiencing most
symptoms, as well as
more than 3 or 5
symptoms together,
initially numerically
decreased after each
vaccination. After first
vaccination, the largest
numerical decreases
were observed for loss
of smell (-12.5%, 95%
CI —21.5% to —2.5%),
loss of taste (-9.2%,
95% CI —19.8% to +
2.7%), and trouble
sleeping (-8.8%, 95%
CI —19.4% to + 3.3%).
After second
vaccination, the largest
numerical decreases
were observed for
fatigue (-9.7%, 95% CI
—16.5% to —2.4%),
headache (-9.0%, 85%
CI —18.1% to + 1.0%),
and trouble sleeping
(-9.0%, 95% CI
—18.2% to + 1.2%).
Trends were generally
upwards between the
first and second
vaccinations, with
most returning to a
declining or flat trend
after the second dose.
There were no
statistical differences
in post-vaccination
Long COVID
trajectories between
participants that
received a first dose of
the adenoviral vector
vs. mRNA COVID-19
vaccines (initial 14.9%
decrease [95% CI
—21.8% to —7.5%] for
adenoviral vector vs.
initial 8.9% decrease
[95% CI —18.2% to +
1.4%] for mRNA).
Similarly, the
decreases in the long
COVID odds following
second dose were
numerically similar
between vaccine types,
at 8.7% decrease
(-15.4% to —1.4%) for
adenoviral vector and
8.9% decrease (-17.6%
to + 0.7%) for mRNA
SARS-CoV-2 vaccines.
(45/67) 67% of
respondents did not
report any changes in
long COVID symptoms
several weeks
following SARS-CoV-2

(continued on next page)
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Study Design

Sample Source

Total Sample

Vaccination Status

Long COVID Definition/
Persistent COVID-19

Symptoms

Summary of Findings

Study Country
Scherlinger France
etal., 2021
Schultheif
etal., 2021

Germany

Cross-sectional

Cross-sectional

French social
media platforms
and patient
associations

DigiHero cohort
(recruited via
direct mailing to
citizens of Halle,
Germany)

Healthcare
workers
*includes
individuals who
refused the
vaccine (n =
10)

n =567

Age range: >18
Median (IQR)
age: 44
(25-75)

Sex (%F/%M):
83.4/16.6

n =294

Age range: >14
Median (IQR)
age*: 51.2
(15-83)
Median (IQR)
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long COVID
symptoms 2 + weeks
following
vaccination

n = 397 PASC
patients received at
least one dose of a
SARS-CoV-2 vaccine
a median of 357
(198-431) days
following COVID-19
infection

n = 142 had 2 doses
of a SARS-CoV-2
vaccine

n=113 had 1 dose of
mRNA/ChAdOx1
vaccine and a prior
biologically
confirmed infection
(RT-PCR or serology)
e n =170 (30%)
unvaccinated PASC
patients

o n =137 (46.6%)
received 1 dose of a
SARS-CoV-2 vaccine
(mRNA or adenoviral

e vector, or
combination of both)

common long COVID
symptoms reported
prior to SARS-CoV-2
vaccination

Definition of PASC by
the French Haute
Autorite de Sante: a
reported viral illness
with a probable or
confirmed COVID-19
diagnosis, persistent
symptoms lasting >4

weeks and the lack of an

alternative diagnosis
Evaluated via
previously validated
symptom set (The long
COVID Symptom and
Impact Tools [ST and
1D

e n = 567 reported PASC

e n = 380 reported
persistent symptoms at

the time of SARS-CoV-2

vaccination
Median duration of

symptoms was 475 days
(IQR 261-506), and no
patients included in the

analysis had symptoms
<8 weeks

o PASC defined as
symptoms persisting

more than 4 weeks from

COVID-19 positive test
n =175 (67.8%) of
individuals with prior

vaccination, (14/67)
21% reported
improvement of
symptoms and, (8/67)
12% reported
worsening of
symptoms. The
symptom which was
most frequently
reported to have
worsened following
SARS-CoV-2
vaccination was
fatigue (reported by 3/
67).

201/380 (52.8%)
PASC patients reported
an impact on
symptoms following
SARS-CoV-2
vaccination. A global
worsening of symptom
severity was reported
by 117/380 (31%) of
PASC patients, mostly
represented by
worsening of fever/
chills (74%), gastro-
intestinal symptoms
(70%), paresthesia
(64%) and arthralgia
(63%). Conversely, a
global improvement
was reported by 83/
380 (21.8%) PASC
patients and was
mainly driven by the
improvement of
anosmia (62%) and
brain fog (51%). The
SARS-CoV-2 vaccine
impact on PASC
symptoms lasted more
than 2 weeks in 72.6%
of patients reporting
improvement and
63.7% of patients
reporting worsening.
The impact of SARS-
CoV-2 vaccination on
PASC was not different
depending on the
vaccine administered
(p = 0.60).

Amongst unvaccinated
participants with pre-
existing PASC (170/
567 [30%]), the most
cited reasons for
postponing the COVID-
19 vaccine were fear of
worsening PASC
symptoms (55.9%) and
the belief that
vaccination was
contraindicated
because of PASC
(15.6%).

Post-infection
vaccination was not
associated with
resolution of PASC. 80
(40.8%) vaccinated
individuals reported

(continued on next page)
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Study Country Study Design Sample Source Total Sample Vaccination Status Long COVID Definition/ Summary of Findings
Persistent COVID-19
Symptoms
age**: 50 e n =89 (30.3%) COVID-19 reported ongoing symptoms,
(17-81) received 2 doses of a PASC, notably fatigue, whereas 24 (38.7%)
Sex (%F/% SARS-CoV-2 vaccine dyspnea, and concen- unvaccinated
M)*: 62.4/37.6 (mRNA or adenoviral tration deficits; individuals reported
Sex (%F/% vector, or combina- o n =145 (56.2%) of ongoing symptoms.
M)**:61.1/ tion of both) individuals with prior Furthermore, the
38.9 o Of those with COVID-19 reported percentage of post-
*n =258 confirmed prior PASC symptoms which infection vaccinations
(87.8%) COVID-19 (n = 258), persisted more than 12 was identical in
participants those that were weeks patients with PASC
with confirmed vaccinated for SARS- that experienced
prior COVID-19 CoV-2 had done so resolution of their
**n = 36 following infection symptoms and in those
(12.2%) (n=196) that reported ongoing
without prior e n =68 (23.1%) had PASC. From the 175
COVID-19 not received a SARS- individuals with
CoV-2 vaccine reported PASC, 104
individuals still had
ongoing symptoms at
the time of analysis,
while 71 had resolved
PASC. Out of the 104
individuals with
ongoing symptoms, 80
(76.9%) were
vaccinated post-
infection, whereas out
of the 71 individuals
with resolved PASC, 54
(76.1%) were
vaccinated post-
infection.
Simon et al., United Retrospective Arcadia Data n = 240 648 e n=17 796 (7.4%) e Distinct long COVID Individuals whose first
2021%** States Cohort Research Age range: N/A individuals were symptoms reported 12 SARS-CoV-2
Mean (SD) age: vaccinated with one + weeks following vaccination occurred
N/A SARS-CoV-2 vaccine COVID-19 diagnosis, within 12 weeks
Sex (%F/%M): dose within the first categorized by body following COVID-19
59.9/40.1 twelve weeks after system (cardiovascular, diagnosis were
COVID-19 diagnosis constitutional, ears/ significantly less likely
(i.e., it is assumed nose/mouth/throat, to report long COVID
some individuals gastrointestinal, symptoms than if they
were vaccinated after musculoskeletal, had remained
developing persistent neurological, and/or unvaccinated, with
symptoms) respiratory) earlier vaccine
e n =220 460 (91.6%) e n =90 319 (37.5%) administration post-
had not received any reported any long diagnosis associated
vaccine against COVID symptoms, n = with a greater
COVID-19 prior to 40 578 (16.9%) likelihood of not
COVID-19 diagnosis reported 2 + symptoms  reporting long COVID.
or up to 12-weeks Parenthetically, those
after their COVID-19 who received their first
diagnosis (reference within four weeks of
group) infection were 4-6
times less likely to
report multiple long
COVID symptoms, and
those who received
their first dose 4-8
weeks after diagnosis
were 3 times less likely
to report multiple long
COVID symptoms
compared to those who
remained
unvaccinated.
Strain et al., United Cross-sectional Social media and/ n =812 e n =812 (100%) e Defined as symptoms 470/812 (57.9%) of
2022* Kingdom, or direct mailing Age range: N/A recently vaccinated persisting 4 + weeks participants reported
Israel, to long COVID Mean (SD) age: with one dose of a e n =812 (100%) improvements in long
Russia, support groups N/A SARS-CoV-2 vaccine reported long COVID, COVID symptoms at
India, Sex (%F/%M): (n = 456 [56.2%] with fatigue, “brain least one week
South 80.3/19.7 AstraZeneca, n = 349 fog”, myalgia, and following first SARS-
Africa 90.8% white [43.0%] Pfizer, n = shortness of breath CoV-2 vaccination,

224

79 [10.0%]
Moderna)

being the predominant
symptoms

145/812 (17.9%)
reported deterioration,

(continued on next page)



F. Ceban et al.

Table 2 (continued)

Brain Behavior and Immunity 111 (2023) 211-229

Study Country Study Design Sample Source

Total Sample

Vaccination Status

Long COVID Definition/
Persistent COVID-19

Symptoms

Summary of Findings

225

e n =130 (16%) also
received a second
dose

n = 812 (100%)
diagnosed with
COVID-19 based on
PCR/antibody
testing, symptoms
and contact with a
proven case, or
symptoms alone

e n =650 (80.1%) had
long COVID symptoms
persisting for 6 +
months

and 197/812 (24.3%)
reported no change.
24/812 (3%) reported
that all of their long
COVID symptoms
deteriorated,
compared to 221/812
(27.2%) that all their
symptoms improved.
424/812 (52.3%)
reported that the
improvement of
symptoms had abated
by the time they
completed the survey,
with the median
duration of
improvement between
14 and 21 days. For
those who experienced
worsening, 406/412
(50%) had recovered
by the time of the
survey, with the
median time to
improvement being
3-7 days, suggesting
the deterioration was a
vaccination reaction
rather than true
exacerbation of long
COVID.

Larger improvements
in symptom severity
scores were seen in
those receiving mRNA
vaccines compared to
adenoviral vector
vaccines (58%
improvement vs. 19%
deterioration for
AstraZeneca, 56%
improvement vs. 18%
deterioration for
Pfizer, and 66%
improvement vs. 12%
deterioration for
Moderna vaccine, with
the rest reporting no
difference). The
average improvement
across all symptoms
was 22.6% of the
baseline symptom
score after the
AstraZeneca/Oxford
vaccine, 24.4% after
the Pfizer/BioNTech
vaccine, and 31.0% in
recipients of the
Moderna (p = 0.003
compared to the AZ/
Oxford vaccine and p
= 0.01 compared to
Pfizer/BioNTech).
The second SARS-CoV-
2 vaccine dose was
associated with a
modest further
improvement in
symptoms or
maintenance of
benefit, but results

(continued on next page)
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Study Country Study Design Sample Source Total Sample Vaccination Status Long COVID Definition/ Summary of Findings
Persistent COVID-19
Symptoms
were not statistically
significant.
Tran et al., France ProspectiveCohort ComPaRe long n =910 e n = 455 vaccinated e Defined as symptoms At the 120 day follow-
2021 (target trial COVID cohort Age range: > individuals (n = 359 persisting more than 3 up, long COVID
emulation) 18 [78.9%] received one weeks beyond the symptoms were less
Median (IQR) dose of the initial COVID-19 severe in the
age: 47 BNT162b2 mRNA infection vaccinated group
(40-54) vaccine, n = 48 e n =910 (100%) (mean [SD] ST score
Sex (%F/% [10.5%] received the reported long COVID in the vaccination
M)*: 80.5/19.5 ChAdOx1 vaccine, n symptoms group 13.0 [9.4] vs.
Hospitalized/ =47 [10.3%] e Evaluated long COVID 14.8 [9.8] in the
non- received the mRNA- symptoms and impact control group; mean
hospitalized: 1273 vaccine, and n 120 days after baseline difference: —1.8, 95%
8.9/91.1 =1 [0.2%] received with a pair of validated CI —2.5 to —1.0), and
the Ad26.COV2.S patient reported had double the rate of
vaccine) and a re- outcomes patients in complete
ported prior e The median interval remission (remission
confirmed or sus- between symptom rate 16.6% vaccinated
pected COVID-19 onset and baseline was vs. 7.5% unvaccinated,
infection 10.7 months (IQR HR: 1.97, 95% CI
o n =455 did not 6.4-12.4) 1.23-3.15).
received a SARS- e Ascertained via long Furthermore, the
CoV-2 vaccine but COVID ST score: the impact of long COVID
reported a prior number of symptoms on patients’ lives was
confirmed or sus- reported among 53 significantly lower in
pected COVID-19 included in the the vaccination group
infection questionnaire; ranges than in the control
e Propensity-score from O (i.e., disease group. The mean (SD)
matched 1:1 with remission) to 53 long COVID IT score
vaccinated group e Also included long was 24.3 (16.7) in the
covid IT score, which is  vaccinated group and
the sum of responses to 27.6 (16.7) in the
6 items evaluating the unvaccinated group
impact of the diseaseon  (mean difference:
patients’ lives; ranges —3.3,95% CI —6.2 to
from 0 (no impact) to —0.5).
60 (maximal impact)
Wanga et al., United Cross-sectional Non-probability n=3126 e n =189 (27%) of e Defined as post-COVID Among those who
2021 States based internet Age range: > respondents who symptoms lasting reported any long-term
panel survey 18 self-reported a posi- longer than 4 weeks symptom(s), more

conducted by
Porter Novelli
Public Services
and ENGINE
Insights

Mean (SD) age:
N/A

Sex (%F/%
M)*: 48.5/51.5
Sex (%F/%
M)**: 51.5/
48.5

*positive
COVID-19 test
result
**negative
COVID-19 test
result

226

tive test result re-
ported receiving 1 +
dose of a SARS-CoV-2
vaccine

n = 961 (39.4%) of
respondents who
self-reported a nega-
tive COVID-19 test
result reported
receiving 1 + dose of
a SARS-CoV-2
vaccine

since first COVID-19
positive test

n = 1523 (48.7%)
reported at least one
symptom lasting >4
weeks since onset
(includes both
respondents who
received a positive test
result [n = 465] and
those who received a
negative test result [n
=1058])

respondents who
received a positive test
result than those

who received a
negative test result
reported that having
long-term symptoms
motivated them to
receive or consider
receiving a COVID-19
vaccine (11.0% vs.
7.0%), and believed
that receiving the
vaccine made their
long-term symptoms
better (28.7% vs.
15.7%; p = 0.023), or
that their symptoms
were gone before
receiving the vaccine
(28.4% versus 13.1%).
A similar percentage of
respondents who
received a positive test
result (16.1%) and
those who received a
negative test result
(11.2%) reported that
receiving the vaccine
made their long-term
symptoms worse (p =
0.271), whereas 26.4%
of respondents who
received a positive test

(continued on next page)
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Study Country Study Design Sample Source

Total Sample

Vaccination Status Long COVID Definition/
Persistent COVID-19

Symptoms

Summary of Findings

result and 59.2% of
those who received a
negative test result
believed that receiving
a vaccine did not affect
their symptoms (p <
0.001).

**Simon et al. reported on both vaccination prior to development of long COVID, and vaccination post factum.
Acronyms: N/A: Not Available, PASC: Post-Acute Sequelae of COVID-19.

Study Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit  p-Value

Antonelli 2021 0510 0.319 0.816 0.005 o

Arjun 2022 2.320 1.173  4.590 0.016

Ayoubkhani 2022 0.589  0.502  0.692 0.000 =

Herman 2022 0.310  0.102  0.942 0.039

Senjam 2021 0.550 0.363 0.834 0.005 ——

Simon 2021 0.220  0.197 0.246 0.000
0539 0.295 0.987 0.045

0102 05 1 2 5 10

Decreased Odds of Long COVID  Increases 4 0dds of Long COVID

Fig. 2a. Pooled odds ratio for developing long COVID in individuals receiving
at least one COVID-19 vaccine dose compared to those who did not receive a
COVID-19 vaccine (i.e., ‘prevention meta-analysis’).

Study S with study removed Odds ratio (95% Cl)
Lower Upper with study removed

Point  limit limit  p-Value
Antonelli 2021 0.546 0.275 1.086 0.085
Arjun 2022 0.414 0.228 0.751 0.004 —
Ayoubkhani 2022 0.532  0.243  1.162 0.113
Herman 2022 0.581 0.303 1.112 0.101
Senjam 2021 0.538 0.270 1.073 0.078
Simon 2021 0.664 0.436 1.013 0.057 T

0.539 0295 0.987 0.045

0102 05 1 2 5 10
Fig. 2b. One-study-removed sensitivity analyses for the prevention
meta-analysis.

Study Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio limit limit  p-Value
Antonelli2021 0510 0319 0816  0.005 ——
Ayoubkhani 2022 0.589 0.502  0.692 0.000 F-
Herman 2022 0.310 0.102  0.942 0.039 —
Senjam 2021 0.550 0.363 0.834 0.005 ——
Simon 2021 0.220 0.197  0.246 0.000

0.414 0.228 0.751 0.004 —————

0102 05 1 2 5 10

Fig. 2c. Sensitivity analysis
meta-analysis.

excluding Arjun et al. from the prevention

proinflammatory state, and alterations in both humoral and cell-medi-
ated immunity, which, in addition to decreasing the host response
against infection, may compromise the generation of immunological
memory.

227

5. Limitations

The results presented herein are subject to several limitations. First,
the present review does not consider the prevention of COVID-19
infection as part of the protective effect against long COVID, thus, the
results likely underestimate the effect size. Second, heterogeneity
resulting from differences in study design and reporting, as well as
methodological quality, precluded a quantitative summary of the data
pertaining to SARS-CoV-2 vaccination post factum. Third, the cross-
sectional nature of many studies does not allow for the determination
of the temporality of changes in the presentation of long COVID; the
foregoing is an important consideration in light of the ‘waxing and
waning’ presentation of many long COVID symptoms. Fourth, previous
work has shown that some individuals experience natural improvement
of long COVID symptoms over time; as such, improvement post-
vaccination may not have been affected by the vaccine(s) in some
cases. Fifth, there was an underrepresentation of inactivated virus SARS-
CoV-2 vaccines as compared to mRNA COVID-19 vaccines in the pri-
mary studies; the inactivated virus vaccine is more frequently admin-
istered in developing countries. Moreover, only one study (Taquet et al.,
2021) controlled for the potential confounder that remaining unvacci-
nated for SARS-CoV-2 may be associated with other health behaviours
which may affect primary outcomes, (Latkin et al., 2021) and it was not
possible to determine whether there are confounding factors that may
make vaccine hesitant or unvaccinated individuals more likely to report
long COVID symptoms. Additionally, no data on the effect of booster
doses was available.

6. Conclusions

The evidence presented herein recommends SARS-CoV-2 vaccination
for the prevention of long COVID in breakthrough cases. Furthermore,
evidence does not support that SARS-CoV-2 vaccination exacerbates
long COVID symptoms. Thus, most patients with long COVID should be
vaccinated for SARS-CoV-2. Future research should investigate factors
which affect the trajectory of long COVID symptoms, as well as the
temporality of changes following SARS-CoV-2 vaccination, the effects of
boosters, and how different long COVID patient subgroups respond to
SARS-CoV-2 vaccination.
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