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Abstract

Post COVID-19 condition (PCC) refers to persistent symptoms occurring > 12 weeks after COVID-19. This
living systematic review (SR) assessed the impact of vaccination on PCC and vaccine safety among those
with PCC, and was previously published with data up to December 2022. Searches were updated to
January 31, 2024 and standard SR methodology was followed. Seventy-eight observational studies were
included (47 new). There is moderate confidence that two doses pre-infection reduces the odds of PCC
(pooled OR (pOR) 0.69, 95% CI 0.64 — 0.74, 1> = 35.16%). There is low confidence for remaining outcomes
of one dose and three or more doses. A booster dose may further reduce the odds of PCC compared to
only a primary series (pOR 0.85, 95% Cl 0.74 — 0.98, 1> = 16.85%). Among children <18 years old,
vaccination may not reduce the odds (pOR 0.79, 95% Cl1 0.56 — 1.11, 1 = 37.2%) of PCC. One study
suggests vaccination within 12 weeks post-infection may reduce the odds of PCC. For those with PCC,
vaccination appears safe (4 studies) and may reduce the odds of PCC persistence (pOR 0.73, 95% Cl 0.57

-0.92, 1?’=15.5%).
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Introduction

After a COVID-19 infection, individuals may continue to have long-term symptoms for weeks or months.
The World Health Organization (WHO) defines post COVID-19 condition (PCC) as persistent symptoms
occurring 12 or more weeks after acute COVID-19, which have persisted or re-occurred for a minimum
of eight weeks and cannot be explained by alternative diagnoses (1). Other institutions have adopted
similar definitions, including the United States Centers for Disease Control and Prevention (2, 3). The
most common PCC symptoms include fatigue, insomnia, general pain and discomfort, shortness of

breath, cognitive issues, and anxiety or depression (1, 4, 5).

The estimated prevalence of PCC after COVID-19 infection has varied widely from <10% to >50% of
people affected by PCC depending on the sample population, definition of PCC used to define the
outcome, how the outcome was collected and time from infection to follow-up (6-9). The most recent
self-report survey data estimated that among adults who had COVID-19, 19% had experienced PCC in
Canada (6.8% point prevalence in June 2023) (10) and 29.8% (95% Cl 28.7 — 30.8) in the United States
(8.7% point prevalence in September 2024) (11). By the end of 2023, 56% of the world population had
received a complete primary series and 28% had received at least one booster dose of COVID-19
vaccines (12). Given that COVID-19 and the burden of PCC continues to persist, it is important to
evaluate the impact of COVID-19 vaccination on PCC, including potential benefits and/or safety

concerns.

The systematic reviews (SRs) that have previously been completed on the impact of COVID-19
vaccination on PCC have all included post-acute sequalae (PAS) occurring 4 to 12 weeks post-infection
(13-19), except for one SR that reported on the association between two doses and PCC development
(20). This living SR addresses the impact of vaccination on only PCC, which may reduce heterogeneity in

the results, and includes all options for timing of vaccination relative to infection and/or PCC (pre-
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51 infection, post-infection, and post-PCC). The first version of this SR was published with data up to
52 December 13, 2022 (21). Therefore, the objective of this updated living SR and meta-analysis was to
53  assess the global evidence on the associations and safety of COVID-19 vaccination and PCC (symptoms

54 >12 weeks from infection), with data up to January 31, 2024.

ss  Methods

56  This living SR was conducted using standard SR methodology outlined by the Cochrane Collaboration
57 and reported using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
58  guidelines (22, 23). A protocol was determined a priori and registered in PROSPERO (CRD42022365386);

59  all deviations have been noted in the updated protocol document on PROSPERO.

60 Research question and eligibility criteria

61  The research questions of this SR were: 1) Does COVID-19 vaccination before COVID-19 decrease the risk
62  of developing PCC or the risk of developing specific PCC symptoms? 2) Does COVID-19 vaccination after
63 COVID-19 decrease the risk of developing PCC or the risk of developing specific PCC symptoms? 3)

64  Among those that already have PCC, does COVID-19 vaccination lead to symptom changes? 4) Is it safe

65  to get a COVID-19 vaccine for individuals who have PCC?

66 PCC was defined as persistent symptoms occurring 12 or more weeks after acute COVID-19, in

67 accordance with WHO (1). The population of interest was anyone who had COVID-19, and the

68 intervention was vaccination with any authorized COVID-19 vaccine. The comparison group was

69 individuals who had COVID-19 and were unvaccinated or received a different number of doses. The
70 primary outcomes of interest were the risk of developing PCC or resolution of PCC. Published and

71 preprint studies with an observational or experimental study design were considered for inclusion. The
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inclusion and exclusion criteria are detailed in the previously published review (21) and protocol. A list of

excluded studies is provided in Table S1.

Search strategy

The Public Health Agency of Canada curated a database of COVID-19 literature from February 2020 to
August 2024 (24), with results maintained in the bibliographic management software EndNote20
(Clarivate, Philadelphia, PA). The search algorithm for this SR was run within the EndNote20 database
with no restrictions on language and included a combination of PCC OR non-specific symptom terms
AND vaccination terms (see protocol for details). The search was conducted on September 21, 2022 and

has been updated four times, most recently on January 31, 2024.

Search verification

In this update, the reference lists of six relevant review articles were searched as part of search

verification (17-20, 25, 26), which yielded four studies that were added to the screening process (27-30).

Study selection and data extraction

Search results were imported into EndNote20 (Clarivate, Philadelphia, PA) and de-duplicated. Unique
references were imported into DistillerSR software (DistillerSR Inc.) for SR management. Title/abstract
and full-text relevance screening forms and a data extraction form were developed a priori and piloted
by all reviewers to determine functionality. Title/abstract screening, full-text screening, study
characterization and data extraction were performed in duplicate by two independent reviewers. Study
characterization included publication details (e.g., language, year), funding, conflict of interest, and
study design. Data extraction included country and sampling frame, study period, population
characteristics (e.g. demographics, COVID-19 severity), vaccination information (e.g. number of doses,
vaccine product), and outcome-related data. Conflicts at each stage of screening and data extraction

were resolved by consensus or by a third reviewer where necessary. Upon publication of a previously
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captured preprint, the reference was updated and re-evaluated to ensure all extracted data and risk of

bias assessment reflected the published version of the article.

Risk of bias assessment

Included articles were evaluated for their risk of bias (ROB) using the Newcastle-Ottawa Scale (NOS)
(31). The NOS was selected over the Risk Of Bias In Non-randomised Studies of Interventions (ROBINS-I)
because the NOS is more efficient and easier to implement on a range of observational studies, and the
relationship between COVID-19 vaccination and development or remission of PCC may not be a direct
relationship (32). ROB assessments were performed in duplicate by two independent reviewers using
two pre-existing NOS forms for case-control and cohort studies, as well as a modified tool for cross-
sectional studies (33). The forms used are available in the protocol; the questions assessed selection,
information, confounding, and/or reporting biases. Each tool was pretested on one article by all
reviewers, and then articles were independently assessed by two reviewers. Conflicts were resolved by

consensus.

Data synthesis

The complete dataset was exported into Microsoft Excel (2016) where results were grouped according
to the review question addressed and tabulated to summarize the primary and secondary outcomes.
Narrative synthesis of results was performed for each review question. When there were two or more
studies measuring the same association for a primary outcome, random effects meta-analyses using the
restricted maximum likelihood estimator for between-study variance were performed on STATA18
(StataCorp 2021). Meta-analyses were sub-grouped by number of doses received, the reported outcome
measures, and population sub-groups including children. Those who received one dose of Janssen were
considered to have a complete primary vaccine series and were placed into the two doses subgroup. For

meta-analysis, risk ratios (RR) and prevalence ratios (PR) were converted to odds ratios (OR) to calculate
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a pooled effect (pOR) (34, 35). Hazard ratios (HR) and incidence rate ratios (IRR) were pooled together
but kept separate from ORs because HRs and IRRs measure rate of change over a defined period,
whereas OR and RR report the associations across the entire study period, thus their meaning and value

are different (36).

The impact of ROB (low, moderate, high) was examined for outcomes considered in meta-analysis and
reported in Table S2a-b. Testing for small study effects was only considered where meta-analyses
included more than ten observations/lines of data; only the meta-analysis on two doses before infection
(OR) met this criterion. In the sensitivity analysis for meta-analysis subgroups with more than three
studies, the Hartung-Knapp-Sidik-Jonkman method for estimating more conservative confidence
intervals was examined and reported in Table S2a-e (37). For meta-analysis subgroups with at least
three observations, prediction intervals were calculated to provide a plausible range of effect size in a

future new study and reported in Table S2a-e (38).

Certainty of evidence

Grading of Recommendations, Assessment, Development and Evaluation (GRADE) criteria were used to
indicate the level of confidence in the body of evidence for the primary outcomes of PCC development
or resolution (39). The GRADE domains risk of bias, inconsistency, imprecision, indirectness, and dose
response were evaluated independently by two reviewers to determine a one-to-four-star grade. The

evaluation scheme is provided in Table S2f. Conflicts were resolved by consensus.

Results

Study Selection

In this update, 971 new citations underwent title/abstract screening, of which 210 potentially relevant

citations underwent full-text screening and 47 new studies were included. This SR summarizes 78
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studies: 74 peer-reviewed research articles, two preprints, one letter-to-the-editor, and one short
communication (Figure 1 and Table S3-6). Articles that only assessed PAS (n=29), did not differentiate
between study participants with PAS and PCC (n=73), or did not report the timing of vaccination (n=41)

were excluded (Table S1).

Characteristics of the included studies

The included studies addressed the following subtopics: the effect of vaccination administered 1) before
(n=50) or 2) after (n=2) COVID-19; 3) among previously unvaccinated individuals already experiencing
PCC (n=29) and 4) adverse events post-vaccination among those with PCC (n=4). All studies were
observational (prospective cohort, n=39; retrospective cohort, n=14; cross-sectional, n=20; case-control,
n=5), and had high (n=55), moderate (n=21) or low (n=2) risk of bias (Table 1). Three studies were
funded by the pharmaceutical industry (40-42); all were funded by Pfizer Inc. and examined the impact
of the Pfizer-BioNTech COVID-19 vaccine or mRNA vaccines on PCC. For one of these studies, six authors
were Pfizer employees (40); and in another study, an author had multiple conflicts related to PCC work
(42) (Table S3). Most studies were conducted in Europe (n=40), Asia (n=15), or North America (n=14),
with a few in South America (n=4; all Brazil) and Africa (n=2), and three had a multi-national sampling
frame. More than half (n=55) assessed individuals with mixed severities of COVID-19. Two studies
reported on elderly populations, and five studies reported on children. Vaccine products received were
mostly BNT162b2 (Pfizer-BioNTech, Comirnaty; n=50) and mRNA-1273 (Moderna, Spikevax; n=37). Most
studies (n=63) included individuals with a completed primary series (two vaccine doses for most
individuals), while booster doses were examined in 28 studies that included individuals with three doses

and four studies that included individuals with four doses.
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(Q1) Risk of developing PCC in those vaccinated before COVID-19

The association between PCC and vaccination before COVID-19 was assessed in 50 studies, including 23
prospective cohorts, 14 retrospective cohorts, four case-control studies and nine cross-sectional studies
(Table S3). Studies examined individuals with two doses (n=43), three doses (n=21), and four doses
(n=2). The following studies contributed to respective meta-analyses: 24 studies on vaccinated versus
unvaccinated general population (35, 43-65); three studies on a booster dose versus primary series (64,
66, 67); and four studies on children (42, 68-70) (Figures 2-5). The certainty of evidence was evaluated
for each subgroup in the meta-analyses and the GRADE Summary of Findings tables are provided in
Tables 2-6. In many studies, individuals classified as unvaccinated before infection may have become
vaccinated during the follow-up period and are therefore referred to as those “unvaccinated before

infection”.

One dose prior to COVID-19 may reduce the odds of developing PCC compared to those unvaccinated
before infection, across eight studies (pOR 0.62, 95% Cl 0.41 —0.92) with high heterogeneity (12 = 96.9%)
(Figure 2). When stratified by ROB, moderate ROB studies (n=5) showed a pooled protective effect while

low (n=1) and high ROB studies (n=2) showed no association.

Two doses prior to COVID-19 likely reduced the odds of developing PCC compared to those
unvaccinated before infection (pOR 0.69, 95% Cl 0.64 — 0.74, 1> = 35.16%, 13 studies) with a 95%
prediction interval of 0.57 — 0.83 (Figure 2). There was no indication of small study effects in the two
dose subgroup (Egger test p=0.36, Begg test p=0.39; funnel plot was symmetrical). When studies were
stratified by low ROB (n=1), moderate (n=7), or high (n=5), protective associations were still found and
there was no difference across sub-groups. Two studies that examined those with one or two doses
aligned with the two-dose analysis (pOR 0.32, 95% Cl 0.14 — 0.73, 12= 81.87%). One study provided effect

estimates of two or more doses separated by vaccine product (CoronaVac and Pfizer-BioNTech), and
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10
when these estimates were pooled together in meta-analysis there was a protective association (pOR

0.28, 95% Cl 0.14 — 0.57) (57).

Across two studies reporting hazard ratios, one dose prior to COVID-19 may have little to no effect on
the average hazard of developing PCC from 6 months to 1 year post-infection (pHR 0.72, 95% Cl 0.41 —
1.28) with high heterogeneity (1> = 96.8%) (Figure 3). This heterogeneity may be explained by Taquet et
al. having high ROB (45) and only including those infected during Alpha or Delta waves, in contrast to

Catala et al. which had low ROB and included those infected during Alpha, Delta and Omicron (60).

Across four studies reporting hazard ratios, two doses prior to COVID-19 may have little to no effect on
the average hazard of developing PCC from 6 months to 300 days post-infection (pHR 0.82, 95% Cl 0.67
—1.00) with high heterogeneity (1> = 96.7%) and a wide 95% prediction interval (0.39 — 1.73) suggesting
the results are imprecise (Figure 3). The two studies reporting a reduction in the hazard of PCC were at

moderate ROB and the two reporting no association were at high ROB.

Three or more doses prior to COVID-19 may have little to no effect on the odds of developing PCC
compared to those unvaccinated before infection (pOR 0.82, 95% Cl 0.62 — 1.08, 12 = 60.5%, five studies)
(Figure 2). The two moderate ROB studies (pOR 0.77, 95% CI 0.59 — 1.00) and three high ROB studies
(pOR 0.80, 95% Cl 0.44 — 1.44) showed no association. The finding of no association may be explained by
individuals becoming vaccinated post-infection, re-infections, and different variants, which is detailed in
the discussion. The multivariate analysis in Marra et al. demonstrated a strong protective effect with
four doses before COVID-19 on the odds of developing PCC compared to unvaccinated before infection

(aOR 0.05, 95% C1 0.01 —0.19) (54).

Among children (<18) with one or more doses prior to COVID-19, the overall meta-analytic estimate
indicated no association (pOR 0.79, 95% Cl 0.56 — 1.11, |1> = 37.2%, four studies) with the odds of

developing PCC compared to unvaccinated before infection, and no difference between one versus two
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11
207  orthree doses (p=0.80) (Figure 4). In the two or three doses subgroup, Morello et al. reported an OR>1
208  for 12-18 year olds, which was the main source of heterogeneity and pulled the pooled estimate
209  towards the null (42). For those who received one to three doses in Morello et al., the estimates were
210  similar to those who received two or three doses for both 5-11 year olds and 12-18 year olds (42). All

211 studies were evaluated as high ROB.

212 Abooster dose before Delta or Omicron infection may reduce the odds of developing PCC compared to
213  those with only a primary series (pOR 0.85, 95% Cl 0.74 — 0.98, |12 = 16.85%, three studies) (Figure 5). All

214  three studies were high ROB and did not specify the length of time between vaccination and infection.

215  Impact of vaccination before infection on individual PCC symptoms

216  Twenty-three studies reported on differences in individual PCC symptoms in those vaccinated before
217  COVID-19. Among studies reporting an effect estimate for vaccinated versus unvaccinated, vaccination
218  was associated with a protective effect for the most common PCC symptoms including fatigue in 5/7
219 studies, anxiety/depression in 3/5 studies, dyspnea in 4/7 studies, pain in 3/6 studies, insomnia in 1/2
220  studies, and cognitive impairment in 3/8 studies (Table S3). Only one study reported that vaccination
221  was associated with a higher risk of individual symptoms (concentration and memory impairment, voice
222 disorder) compared to unvaccinated; however, when excluding those vaccinated >3 months before
223 COVID-19 there was no association with concentration/memory impairment (71). Seven studies

224 reported on the prevalence of individual PCC symptoms in vaccinated versus unvaccinated without an
225 effect estimate (30, 40, 41, 46, 61, 63, 72, 73); one of these examined children (<18) and found no

226  significant differences in anosmia or dysgeusia (41). Two studies reported on individuals with a booster
227  versus primary series before Omicron infection. One found that those with a booster had reduced

228 incidence rates of specific PCC symptoms (physical symptoms, depression, anxiety, fatigue, cognitive

229  complaints) at four months post-infection (74), while the other found no significant difference in the
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prevalence of individual symptoms (fatigue, dyspnea, difficulties with a busy environment, memory

problems, or brain fog) at three months post-infection (66).

There was no association with one to three doses before infection and the number of PCC symptoms
compared to unvaccinated, with a rate ratio of 1.27 (95% Cl 0.82 — 1.94) adjusted for variant among
other variables; this represents the multiplicative effect of vaccination on the number of symptoms (75).
Among those infected during Omicron dominance, 3+ doses before infection was associated with lower
odds of 3+ PCC symptoms at six months post-infection compared to unvaccinated (aOR 0.36, 95% ClI

0.15-0.87, p=0.019), while no association was found with two doses (40).

Differences between vaccine products

Three studies addressed differences between vaccine products, and showed all vaccine products
reduced the risk of developing PCC. One showed that mRNA vaccines resulted in a decreased risk of PCC
compared to Ad26.COV2.S (Johnson & Johnson) (aHR 0.89, 95% Cl 0.81 — 0.97) (50). Similarly, another
study found that BNT162b2 resulted in a reduced hazard of PCC compared to ChAdOx1 (AstraZeneca)
(aHR 0.84, 95% CI 0.75 —0.94) and some individual symptoms (60). A third study found no significant
difference between mRNA, viral vector, or inactivated vaccines for protection against developing

“neuropsychiatric PCC” (various neurological and mental health symptoms) (56).

Timing of vaccination before infection

One study found that vaccination (one to three doses) within 6 months before Omicron infection was
associated with a lower odds of PCC compared to vaccination more than 6 months before infection (52).
Another study found that vaccination (three doses) within 3 months before Omicron infection was
associated with higher odds of PCC compared to vaccination 4-6 months before, which may be
explained by a limited number of PCC cases (67). A third study found that vaccination (one to three

doses) before infection with mostly Omicron was not associated with PCC compared to unvaccinated,
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regardless of the timing of last dose (>6 months, 3-6 months or <3 months before infection) (76). There
was no association between timing of vaccination (up to three doses) before Delta infection and the

odds of developing PCC in two studies (52, 67).

Differences by age and sex

One study suggested older adults (260 years) who received a third dose at 4-6 months prior to Omicron
infection had significantly lower odds of PCC compared to those who received a third dose within 3
months, and this association was not found in the 18-59 age group (67). Another study found no
association between vaccination with one or two doses and the hazard of developing PCC in either the
<60 age group or 260 age group (45). A third study found no association between vaccination with one
to three doses and the odds of PCC in either younger (5-11 years old) or older (12-18 years old) children
(42). None of the studies examined differences by sex regarding the association between vaccination

prior to COVID-19 and risk of developing PCC.

(Q2) Risk of developing PCC in those vaccinated after COVID-19

Two studies assessed the association between PCC and vaccination post-infection (up to 12 weeks),
including one retrospective cohort study with moderate ROB (44) and one cross-sectional study with

high ROB (77) (Table S4). The GRADE Summary of Findings is provided in Table 3.

In the retrospective cohort study, the protective effect against PCC development was stronger when one
dose was given earlier post-infection (aOR 0-4 weeks post-infection 0.38, 95% CI 0.35—-0.41; aOR 4-8
weeks post-infection 0.54, 95% Cl 0.51 — 0.57; aOR 8-12 weeks post-infection 0.75, 95% Cl 0.71 — 0.78)

compared to unvaccinated (Table 3) (44).

The cross-sectional study found no significant difference in cognition and neuroimaging results (grey

matter volume, white matter hyperintensities, functional connectivity) between those with one or two
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doses versus unvaccinated, however vaccinated individuals performed better on Visual Object and

Space Perception Battery discrimination (77).

(Q3) Changes in PCC following vaccination among individuals with established PCC

Nineteen studies examined the effect of COVID-19 vaccination on individuals with established PCC, and
ten studies examined individuals where it was unclear if vaccination occurred after developing PCC or
within 12 weeks of infection. These 29 studies included 18 prospective cohorts, eight cross-sectional,

two retrospective cohorts, and one case-control (Table S5).

Seven studies contributed to the meta-analysis on the odds of PCC persistence among vaccinated
individuals compared to unvaccinated, stratified by two subgroups: vaccinated after PCC and vaccinated
anytime after COVID-19 infection (Figure 6). The certainty of evidence was evaluated for each subgroup
and the GRADE Summary of Findings is provided in Table 3. Among those vaccinated after PCC,
vaccination may reduce the odds of PCC persistence compared to unvaccinated (pOR 0.73, 95% CI 0.57 —
0.92, 1= 15.5%, three studies). When stratified by ROB, a pooled protective effect was found for the
high ROB studies (n=2) while there was no association for the moderate ROB study. Among those
vaccinated anytime after infection, there may be little to no effect on the odds of PCC development or
persistence compared to unvaccinated (pOR 0.65, 95% Cl 0.32 — 1.31, 12= 67.8%, four studies). These

four studies were high ROB.

Findings were inconsistent regarding symptom improvement, worsening, or no change for vaccinated
versus unvaccinated individuals with established PCC across three studies. One study found a
significantly higher proportion of vaccinated had improved symptoms (23.3% vs. 15.4%, p=0.035) (78),

while two studies found no significant difference by vaccination in PCC symptom improvement (79, 80).
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Across nine studies that compared PCC symptoms pre- and post-vaccination in the same individuals,
symptoms tended to improve or remain the same following vaccination, rather than worsen. Across four
studies, one dose resulted in symptom improvement (81, 82), a reduction in the proportion of those
with more than one PCC symptom (83), and a slightly reduced odds of on-going PCC following both the
first (OR 0.87, 95% CI 0.81 — 0.93) and second doses (OR 0.91, 95% CI 0.86 — 0.97) (84). Three studies
examined one to three doses post-infection; two studies reported a greater proportion of PCC cases had
symptom improvement post-vaccination compared to worsening (85, 86), while a third reported the
opposite (12.7% improved vs. 20% worsened) (87). The other studies on one to two doses post-infection

(88) and two or more doses (89) found no significant change in PCC symptoms post-vaccination.

Nine studies reported on individual PCC symptoms: one pre-post study (84), five comparing those
vaccinated after PCC versus unvaccinated (78, 79, 90-92), and three comparing those vaccinated
anytime after infection versus unvaccinated (63, 93, 94), with follow-up ranging from six to 30 months
post-infection. One study did not have extractable data (78) and three studies did not find a significant
difference for any symptoms (90, 91, 94). Four studies found significant differences in PCC symptoms
between vaccinated versus unvaccinated. Fatigue was less prevalent for those with three doses (93), as
well as headache and arthralgia for those with two doses (63). Worsening ocular symptoms were less
prevalent (79) and dyspnea and change in taste were lower (92) in those with one or two doses. More
vaccinated individuals (one to two doses) reported persistent hair loss in one study (79). The pre-post
study found individuals with PCC had significantly lower odds of fatigue after two doses and loss of smell

after one dose, but not two (84).

Vaccination anytime after COVID-19 versus vaccination before COVID-19
Three studies compared individuals vaccinated anytime after infection versus individuals vaccinated

before infection. The GRADE Summary of Findings is provided in Table 4. Two studies compared those
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who received a primary series after infection versus before infection: one found no significant difference
in the odds of developing PCC (95), and the other found no difference in the rate of PCC at six months
follow-up (alRR 0.91, 95% CI 0.75 — 1.10) (51). A third study found that a significantly higher proportion
of individuals vaccinated (two to three doses) after infection reported PCC symptoms at three to six
months compared to those vaccinated (three doses) before infection (74.5% vs. 51.9%, p<0.001), but

significantly fewer reported symptoms at more than six months (13.7% vs. 38%, p<0.001) (96).

Differences between vaccine products

Three studies found no significant differences between mRNA vaccines (BNT162b2 or mRNA-1273) and
adenoviral vector vaccines (ChAdOx1 or Ad26.COV2.S) (78, 79, 84). However, a fourth study suggested
those who received mRNA-1273 after PCC experienced improvement in certain symptoms significantly
more than those who received ChAdOx1, including fatigue, brain fog, myalgia, gastro-intestinal

symptoms and autonomic dysfunction (82).

Differences by age and sex

One study found that only individuals 260 years who received two doses post-infection had significantly
lower odds of persistent PCC compared to unvaccinated, and there was no association with sex (92).
Worsening PCC symptoms after one to three doses was significantly higher among individuals aged 14-

40 compared to older individuals (aged 41-76) and among males compared to females (87).

(Q4) Safety and risk of adverse events following COVID-19 vaccination among individuals

with PCC

Four studies reported on the safety or adverse events among those with PCC following COVID-19
vaccination, including three cross-sectional and one prospective cohort, all of which were high ROB
(Table S6). Only one study included a vaccinated comparator group with no previous COVID-19, and

found no significant difference in the number or type of side effects following one dose (BNT162b2)
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among those with PCC (n=30) compared to controls (97). Previous COVID-19 infection, but not PCC, was
associated with an increased risk of adverse events post-vaccination. Another study found that only
5.7% (n=26/455) of participants with PCC reported adverse events after one dose (various brands) (98).
However, the control group was unvaccinated individuals with PCC, therefore this study does not show
if the effects of vaccination were like those without PCC. In a survey of 67 healthcare workers with PCC,
72% reported immediate, but self-limiting side effects at two weeks after one dose (BNT162b2) (99). A
fourth study found that the most common adverse effects after one to three doses (various brands) in
those with PCC were pain at the injection site (90.8%), tiredness or fatigue (76.7%), and muscle pain
(68.3%) (87). A significantly higher proportion of those aged 14-40 reported dizziness post-vaccination

(p=0.017); otherwise, there were no significant differences in adverse effects by age or gender (87).

Discussion

The results of this updated living SR are aligned with the previous version and other evidence syntheses,
which suggest that vaccination before COVID-19 provides protection against the risk of developing PCC
(13-17). There was moderate confidence that two vaccine doses before COVID-19 decreased the odds of
developing PCC by 31%, compared to unvaccinated. Vaccination within 12 weeks after COVID-19 may
offer additional protection against developing PCC compared to unvaccinated, but the evidence was
very uncertain from only one study. There was low confidence that vaccination after PCC may reduce
the odds of PCC persistence. Preliminary evidence suggested that a booster dose before infection may
offer additional protection against PCC compared to only primary series (64, 66, 67). Among children up

to 18 years old, vaccination may have little to no effect on the odds of developing PCC (42, 68-70).

More recent studies examining the effect of three or more vaccine doses before infection on PCC
frequently reported no association, compared to unvaccinated (52, 54, 59, 61, 64). There are several

explanations for the association with vaccination becoming less clear than earlier in the pandemic.
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Population immunity has become more complex, with most people having hybrid immunity.
Furthermore, the risk of PCC has changed over time as different variants have become dominant (62, 64,
100) and there are likely some differences in virulence between variants. The potential impact of
variants was seen in a couple studies where a significant association between vaccination and PCC was
found in univariate analysis, however after controlling for variant in multivariate analysis, the
association became non-significant (54, 100). Finally, individuals becoming vaccinated during the follow-
up period may also impact the development or persistence of PCC but was not accounted for in
analyses; this would bias the estimated association between vaccination before infection and PCC
towards the null. Overall, it has become increasingly more complex to measure the impact of

vaccination on PCC.

Vaccination for those with PCC was safe across four studies, and there is low confidence that vaccination
may reduce odds of PCC persistence. Although most studies suggested there was an improvement or
resolution of PCC following vaccination, some suggested that PCC worsened or remained unchanged.
Some of this heterogeneity in results may be due to recall bias in the self-reported PCC assessments.
Improvement in PCC symptoms post-vaccination may also be conflated with natural recovery over time.
Some studies did not specify whether individuals were vaccinated before PCC (<12 weeks post-infection)
or after PCC (>12 weeks), so it was unclear whether the outcome was PCC development or persistence.
Only one study reported results on the association between vaccination and PCC stratified by re-
infection status (100). Clear reporting on the timing of vaccination and re-infections after the infection

that resulted in PCC would be useful in future studies.

Only a few studies examined differences in the association between vaccination and PCC by
sociodemographic variables. However, many studies controlled for potential confounding variables such

as sex, age, and severity of initial COVID-19, which have been reported as risk factors for PCC (43, 46,
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48). Any differences by sociodemographic variables would be important to consider when developing

recommendations for treatment and equitable resource allocation.

Across studies, there were various methodological differences in how PCC was defined and measured.
Prospective studies often assessed PCC using self-reported surveys, while retrospective studies
examined ICD-10 codes in health records; both of which could have resulted in the misclassification of
PCC due to sequelae that are related to other conditions. Using a consistent PCC definition and
developing validated PCC diagnostic tools in future research will help improve our understanding of this

condition.

Limitations to this SR process include using the NOS tool for risk of bias assessments, which has not been
validated, and a modified version of the tool to assess cross-sectional studies (33). Furthermore, even
though updated searches were conducted, the findings of this SR may change with emerging evidence

on this evolving topic.

Conclusion

This updated SR indicates there is moderate confidence that two vaccine doses before COVID-19
reduces the odds of developing PCC. For those with PCC, getting a COVID-19 vaccine appears to be safe,
and there is low confidence that vaccination may reduce the odds of PCC persistence. Understanding
the impact of vaccination on PCC, in the context of booster doses and re-infections, is important for

informing public health recommendations.
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754  Table 1: General characteristics of the 78 included primary research publications on post-COVID-19

755 condition and vaccination, grouped by research question®

Category

Risk of developing
PCC or PCC
symptoms in
individuals
vaccinated before
COVID-19 (n=50)

Risk of developing
PCC or PCC
symptoms in
individuals
vaccinated after
COVID-19 (n=2)

Changes to PCC
symptoms following
vaccination in
individuals who
already have PCC
(n=29)

Safety and/or
adverse events of
vaccination in
individuals who
already have PCC
(n=4)

Type of document

Preprint

Primary peer-
reviewed
research

48

28

Letter to the
editor / short
communication

Risk of Bias

High

30

26

Moderate

18

Low

Continent (countries) ?

Europe

(United
Kingdom, Spain,
France,
Germany,
Denmark, Italy,
Netherlands,
Scotland,
Switzerland,
Norway, Serbia,
Poland)

22

16

Americas

(USA, Canada,
Brazil)

14

Asia
(Indonesia,
Turkiye, India,
China, Cyprus,
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Category

Risk of developing
PCC or PCC
symptoms in
individuals
vaccinated before
COVID-19 (n=50)

Risk of developing
PCC or PCC
symptoms in
individuals
vaccinated after
COVID-19 (n=2)

Changes to PCC
symptoms following
vaccination in
individuals who
already have PCC
(n=29)

Safety and/or
adverse events of
vaccination in
individuals who
already have PCC
(n=4)

Singapore,
Pakistan, Saudi
Arabia,
Thailand, South
Korea, Japan,

Palestine,

Israel)

Africa (South 2 0 1 0

Africa, Egypt)

Multi-national 3 0 0 0
Observational study design®

Prospective 23 0 18 1

cohort

Retrospective 14 1 2 0

cohort

Case-control 4 0 1 0

Cross-sectional 1 8 3
Number of vaccine doses?
1 dose 33 1 23 4
2 doses 43 1 23 1
3 doses 20 0 9 1
4 doses 2 0 2 0
Population?

General public 29 2 18 2

Patients of a 17 12

single or

specified group

of

hospitals/clinics

Healthcare 3 0 1 2

workers

4 0 1 0

Veterans or
military health
system
beneficiaries
(active duty,
dependents,

and retirees)
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Category

Risk of developing
PCC or PCC
symptoms in
individuals
vaccinated before
COVID-19 (n=50)

Risk of developing
PCC or PCC
symptoms in
individuals
vaccinated after
COVID-19 (n=2)

Changes to PCC
symptoms following
vaccination in
individuals who
already have PCC
(n=29)

Safety and/or
adverse events of
vaccination in
individuals who
already have PCC
(n=4)

Specific evidence to

pics addressed ®

Compared
vaccinated
(stratified by
number of
doses) vs.
unvaccinated

45

16

Compared
number of
doses among
vaccinated

Compared
vaccine brands

Timing of
vaccination

Assessed effect
of SARS-CoV-2
variant

Sex- and
gender-based
analysis

@ Each group may sum to >78 because studies can be included in more than one category and more than one

question.
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Table 2: Summary of findings table for the main outcome of PCC development in individuals vaccinated

before COVID-19, compared to unvaccinated. Separated by odds ratios/hazard ratios, number of vaccine

doses and type of vaccine. The illustrative example is based on a PCC prevalence of 25% in the

unvaccinated population.

Patient or population: general population who had COVID-19
Setting: any

Intervention: COVID-19 vaccination before infection, stratified by number of doses

Comparison: unvaccinated before infection or vaccinated with different vaccine brand specified in the question

lllustrative comparative in cases of PCC
per 100 COVID-19 cases (95% Cl)

Relative Certainty
Baseline | Corresponding . effect Number of of the
without risk with Risk (95% Cl) | participants | evidence
Exposure | vaccine vaccine difference | (OR/HR/IRR) | (studies) (GRADE) Comments
Q1: the risk of developing PCC in those vaccinated befo

re COVID-19 compared to unvaccinated

One vaccine dose prior to
COVID-19 may reduce the
odds of developing PCC.

333033
9.5 fewer PCC High heterogeneit
PCC-1 15.5 pOR 0.62 (8non- | @O0 g senetty
25 cases (2 to ) (1’=96.9%) and 95%
dose, OR (10.3 to 23) (0.41 t0 0.92) | randomised Low o
14.7 fewer) . prediction interval (0.15-
studies)
2.48) suggests the results
are imprecise (35, 43, 44,
53,54, 57,59, 65).
One vaccine dose prior to
COVID-19 may have little to
7 fewer PCC 888111 ffect on the risk of
no effect on the risk o
PCC-1 18 cases (14.7 pHR 0.72 (2non- | OO0 ) o
25 . developing PCC within 1
dose, HR (10.3 to 32) fewerto7 | (0.41to 1.28) | randomised | Very low !
. year of having COVID-19,
more) studies)

but the evidence is very
uncertain (45, 60).
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Two vaccine doses prior to
COVID-19 likely reduces the
risk of developing PCC. Low
336982 .
7.7 fewer PCC heterogeneity (12=35.2%)
PCC-2 17.3 pOR 0.69 (13 non- Sl 12 @) .
25 cases (6.5t0 9 . across studies and 95%
doses, OR (16 to 18.5) (0.64 to 0.74) | randomised | Moderate o
fewer) . prediction interval (0.57-
studies)
0.83) suggests the results
are precise (46-49, 53-56,
59, 61-63, 65).
Two vaccine doses prior to
COVID-19 may have little to
no effect on the average
hazard of developing PCC,
4.5 f PCC 409123 but th id i
.5 fewer ut the evidence is
PCC-2 20.5 pHR 0.82 (4 non- >10]0]@) .
25 cases (0 to 8.2 \ uncertain. High
doses, HR (16.8 to 25) (0.67 to 1.00) | randomised | Very low ]
fewer) . heterogeneity (12=96.7%)
studies) o
and the 95% prediction
interval (0.39-1.73) suggest
the results are imprecise
(45, 49-51).
2060 One or two vaccine doses
PCC-1or 17 fewer PCC .
8 pOR 0.32 (2 non- 1:10@) prior to COVID-19 may
2 doses, 25 cases (6.7 to .
(3.5t0 18.3) (0.14 t0 0.73) | randomised Low reduce the odds of
OR 21.5 fewer) . .
studies) developing PCC (52, 58).
Two or more vaccine doses
1588 before COVID-19 may
PCC-2or 18 fewer PCC
7 pOR 0.28 (1 non- o000 reduce the odds of
more 25 cases (10.7 to . .
(3.5t0 14.3) (0.14 t0 0.57) | randomised | Verylow | developing PCC; however, a
doses, OR 21.5 fewer) ] ] .
study) single study is considered
uncertain evidence (57).
Three or more vaccine doses
before COVID-19 may have
little to no effect on the
rcc 4.5 fewer PCC 19421 odds of developing PCC.
-3or
»5 20.5 cases (9.5 pOR 0.82 (5 non- ®®OQ | Moderate heterogeneity
more
q OR (15.5 to 27) fewerto2 | (0.62to 1.08) | randomised Low (1’=60.5%) and 95%
oses, . S
more) studies) prediction interval (0.37-
1.80) suggest the results are
imprecise (52, 54, 59, 61,
64).
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Four vaccine doses before

23.7 fewer 3331 COVID-19 may reduce the
PCC-4 - 13 PCC cases OR 0.05 (1 non- ®OOQO | odds of developing PCC,
doses, OR (0.3 t0 4.8) (20.2to 24.7 | (0.01to0 0.19) | randomised | Very low however a single study is
fewer) study) considered uncertain
evidence (54).
Q1: the risk of developing PCC in those vaccinated with mRNA vs. adenovirus vaccines before COVID-19
Receiving either an mRNA
pCC -2 12.5(7.7 to mRNA: OR vaccine (BNT162b2/mRNA-
12.5 15.7) 0.50 (0.37- 1273) or an adenovirus
ANA (9. : vs. 0.69) ‘ 8O00 vaccine (ChAdOx1-S) prior
m Vs. : non-
) 25 VS. 9.5 (6.2 to s ) to COVID-19 showed an
adenovirus 15.5 Vs. randomised | Very low . o
. : 12.2) fewer d e equivalent reduction in the
vaccines, (12.8 to 18.8) adenovirus: study) )
OR PCC cases OR0.62 (0.51- odds of developing PCC, but
0.75) the evidence is uncertain
(47).
2 doses Receiving an mRNA vaccine
BNT162b2/ 2 doses (BNT162b2/mRNA-1273)
2 doses .
BNT162b2/ mRNA-1273 | BNT162b2/ compared to adenovirus
Vs, mRNA-1273 vaccine
MRNA-1273 vs.
PCC—1or Ad26.COV2.S: vs. (Ad26.COV2.5/ChAdOx1-S)
Ad26.COV2.S: _
2 doses 3 2.7 fewer PCC | Ad26.COV2.S: | 179533 prior to COVID-19 may
' cases (0.7to |HR0.89 (0.81- further reduce the hazard of
mRNA vs. »5 (20.3 to 24.3) ( (2 non- 1100) -
adenovirus 4.7 fewer) 0.97) randomised Low developing PCC (50, 60).
vaccines, 1 dose 1 dose studies)
HR 1dose
BNT162b2 vs. BNT162b2 vs.
BNT162b2 vs.
ChAdOx1: ChAdOx1:
ChAdOx1:
21 (18.8 to aHR 0.84
4 fewer PCC
23.5) (0.75-0.94)
cases (1.5 to
6.2 fewer)

Footnotes: The illustrative example is based on a PCC prevalence of 25% in the unvaccinated population. For explanations see
the GRADE data in Supplementary Table S2a.

Abbreviations: aHR, adjusted HR; alRR, adjusted incidence rate ratio; aOR, adjusted OR; Cl, confidence interval; GRADE, grade
of evidence; HR, hazard ratio; OR: odds ratio; pHR: pooled HR; pOR: pooled odds ratio.

*The basis for the assumed risk was a base rate of 25.0% (95%Cl 21.5-28.8) reported by unvaccinated Canadians, 13.2% (11.3-
15.3) for those with two doses of COVID-19 vaccine before infection and 12.2% (9.2-15.7) for those with three doses before
infection up to August 31, 2022 in the Canadian COVID-19 Antibody and Health Survey (7). The corresponding risk (and its
95% confidence interval) is based on the assumed risk in the intervention group and the relative effect of the intervention
(and its 95% Cl). GRADE, grade of evidence based on a four-star scale of **** (high confidence that the effect estimate is close
to the true effect) to * (very low confidence in the effect estimate, the true effect is likely to be substantially different).

https://doi.org/10.1017/50950268825000378 Published online by Cambridge University Press



https://doi.org/10.1017/S0950268825000378

761

762

763

is based on a PCC prevalence of 25% in the unvaccinated population.
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Table 3: Summary of findings table for the main outcomes of PCC development or persistence in

individuals vaccinated after COVID-19 or after PCC, compared to unvaccinated. The illustrative example

Setting: any

Comparison: unvaccinated

Intervention: COVID-19 vaccination after infection

Patient or population: general population who had COVID-19

lllustrative comparative in cases of PCC per
100 COVID-19 cases (95% ClI)

Exposure

Baseline
without
vaccine

Corresponding
risk with
vaccine

Risk difference

Relative
effect
(95% Cl)
(OR/HR/IRR)

Number of
participants
(studies)

Certainty of
the
evidence
(GRADE)

Comments

Q2: the risk

of developing PCC in those

vaccinated with one dose after C

OVID-19 by time from infec

tion to vaccination

PCC-1
dose

25

0-4 weeks:
9.5 (8.8-10.3)

4-8 weeks:
13.5(12.8-14.3)

8-12 weeks:
18.8 (17.8-19.5)

0-4 weeks: 15.5
fewer PCC cases
(14.7 to 16.2
fewer)

4-8 weeks: 11.5
fewer PCC cases
(10.7to 12.2
fewer)

8-12 weeks: 6.2
fewer PCC cases
(5.5t07.2
fewer)

0-4 weeks:
aOR 0.38
(0.35t0 0.41)

4-8 weeks:
aOR 0.54
(0.51t0 0.57)

8-12 weeks:
aOR 0.75
(0.71t0 0.78)

238256
(1 non-
randomised
study)

®O00O

Very low

One vaccine dose after
COVID-19 may resultin a
reduction in the odds of
developing PCC and the
effect may be stronger if
the vaccine is received
within 4 weeks of COVID-
19 compared to later time
points up to 12 weeks;
however, the evidence is
very uncertain (44).

Q3: the risk of persistent PCC among those vaccinated after PCC, and the risk of developing PCC or persistent PCC among
those vaccinated anytime after COVID-19, compared to unvaccinated
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Vaccination among those
with PCC may reduce the
. odds of persistent PCC
Persistence pOR 0.73 1749 (91, 92, 101). Low
of PCC - ) 18.3 (14.3to | 6.7 fewer PCC (057 10 0.92) 3non- | @O0 het ity (170.00%)
Vaccinated 23) cases (2t0 10.7 [ 72710 % randomised Low eterogenerty R
after PCC fewer) studies) hoYvever 95% prediction
interval (0.16-3.42)
suggests results are
imprecise.
There was no association
between receiving a
vaccine anytime after
COVID-19 and odds of
P(_:C } 1331 PCC. Moderate
Vaccinated 8.7 fewer PCC (4 non- @@ | heterogeneity (1=67.8%)
anytime 25 16.3 (8 0 32.8) cases (17 fewer POR 0.65 domised L and 95% prediction
(0.32 to 1.31) | F@ndomise ow '
after to 7.8 more) studies) interval (0.08-5.40)
COVID-19 suggest the results are
imprecise (63, 76, 93,
102).

Footnotes: The illustrative example is based on a PCC prevalence of 25% in the unvaccinated population. For explanations see
the GRADE data in Supplementary Table S2b.

Abbreviations: aHR, adjusted HR; alRR, adjusted incidence rate ratio; aOR, adjusted OR; Cl, confidence interval; GRADE, grade
of evidence; HR, hazard ratio; OR: odds ratio; pHR: pooled HR; pOR: pooled odds ratio.

*The basis for the assumed risk was a base rate of 25.0% (95%Cl 21.5-28.8) reported by unvaccinated Canadians, 13.2% (11.3-
15.3) for those with two doses of COVID-19 vaccine before infection and 12.2% (9.2-15.7) for those with three doses before
infection up to August 31, 2022 in the Canadian COVID-19 Antibody and Health Survey (7). The corresponding risk (and its
95% confidence interval) is based on the assumed risk in the intervention group and the relative effect of the intervention
(and its 95% Cl). GRADE, grade of evidence based on a four-star scale of **** (high confidence that the effect estimate is close
to the true effect) to * (very low confidence in the effect estimate, the true effect is likely to be substantially different).

Table 4: Summary of findings table for the main outcome of PCC development in individuals vaccinated
after COVID-19 versus vaccinated before COVID-19. The illustrative examples are based on a PCC
prevalence of 13.2% for those with two doses before infection and 12.2% for those with three doses

before infection.
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Patient or population: general population who had COVID-19
Setting: any
Intervention: COVID-19 vaccination after infection, stratified by number of doses
Comparison: vaccinated before infection
lllustrative comparative in cases of PCC
per 100 COVID-19 cases (95% Cl)
Baseline
E . . .
Xposure with |Corresponding Relative Certainty
vaccine risk with effect Number of | of the
before | vaccine after Risk (95% Cl) |participants| evidence
infection| infection difference | (OR/HR/IRR) | (studies) | (GRADE) Comments
Q3: the risk of developing PCC in those vaccinated after COVID-19 vs. before COVID-19
No difference in the odds of
PCC— s 0.9 fewer PCC . 80 Do deveIoPinf ZCC.T:twee.:n those
: non- vaccinated with a primar
primary 2 12.3 cases (8.3 OR 0.93 0, Ay o ot primary
series, OR . ) (4.9t030.8) | fewerto 17.6 | (0.37 to 2.33) randomise ery low | series after vs. be or'e COVIP-
oses more) study) 19; however, the evidence is
very uncertain (95).
There was no association with
pCC 1.2 fewer PCC 2950 the timi ; inati
- e timing of vaccination,
) 13.2 12 cases (3.3 IRR 0.91 (1non- [®@OQOQ0O| . g
primary 2 . primary series after vs. before
. ( (9.9 to 14.5) fewerto 1.3 | (0.75t0 1.10) |randomised | Very low
series, IRR doses) COVID-19; however, the
more) study) . . .
evidence is very uncertain (51).
3-6 months 3-6 months: Those vaccinated with two or
3-6 months t-infection: ’
, , POSHINTECHON | e 2 7 (1.6 to three doses after COVID-19 had
post-infection: 20.7 PCC AT .
-/ more 4.5) higher odds of PCC at 3-6
32.9 (19.5to (7.3t : 339 . .
PCC—2o0r| 15, cases{/.5 1o months post-infection, but
3 doses . 43 42.7 more) hs: (Lnon- 1 ®O0O0 lower odds at >6 months
OR ’ 3 >6 months: |\ domised | Very low 4 to th ) é §
compared to those vaccinate
doses) | g months: -6 months: OR0.26 (0.14 | &\ 4v) . P
32 (1.71059) : t0 0.48) with three doses before COVID-
R ' 9 fewer PCC 19; however, the evidence is
cases (6.3 to very uncertain (96).
10.5 fewer)
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Footnotes: The illustrative example is based on a PCC prevalence of 13.2% for those with two doses before infection and
12.2% for those with three doses before infection. For explanations see the GRADE data in Supplementary Table S2c.

Abbreviations: aHR, adjusted HR; alRR, adjusted incidence rate ratio; aOR, adjusted OR; Cl, confidence interval; GRADE, grade
of evidence; HR, hazard ratio; OR: odds ratio; pHR: pooled HR; pOR: pooled odds ratio.

*The basis for the assumed risk was a base rate of 25.0% (95%Cl 21.5-28.8) reported by unvaccinated Canadians, 13.2% (11.3-
15.3) for those with two doses of COVID-19 vaccine before infection and 12.2% (9.2-15.7) for those with three doses before
infection up to August 31, 2022 in the Canadian COVID-19 Antibody and Health Survey (7). The corresponding risk (and its
95% confidence interval) is based on the assumed risk in the intervention group and the relative effect of the intervention
(and its 95% Cl). GRADE, grade of evidence based on a four-star scale of **** (high confidence that the effect estimate is close
to the true effect) to * (very low confidence in the effect estimate, the true effect is likely to be substantially different).

Table 5: Summary of findings table for the main outcome of PCC development, in individuals who
received a booster dose versus only primary series. The illustrative example is based on a PCC

prevalence of 13.2% in the primary series population.

Patient or population: general population who had COVID-19

Setting: any

Intervention: COVID-19 booster vaccine dose (additional dose after primary series) before infection
Comparison: COVID-19 vaccine primary series before infection

lllustrative comparative in cases of
PCC per 100 COVID-19 cases (95% Cl)

Baseline
with Relative Certainty
primary |Corresponding . effect Number of | of the
series risk with Risk (95% Cl) |participants | evidence
Exposure only booster dose | difference |(OR/HR/IRR)| (studies) | (GRADE) Comments

Q1: the risk of developing PCC in those vaccinated with a booster dose before COVID-19 compared to only primary series
before COVID-19

A booster dose before COVID-19
may reduce the odds of
developing PCC compared to

PCC 2fewer | orogs | 247 those who received only a pri
- p . ose who received only a primary
PCC cases (3non- |®@O0O i i
Booster vs. 11.2 (0.74 to ] series. Low heterogeneity
, 13.2 (9.8t012.9) |(03t03.4 randomised | Low
primary 610 12 0.98) ) (1’=16.85%), however the 95%
fewer) studies)

prediction interval (0.56-1.3)
suggests results are imprecise (64,
66, 67).
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Footnotes: The illustrative example is based on a PCC prevalence of 13.2% for those with two doses before infection. For
explanations see the GRADE data in Supplementary Table S2d.

Abbreviations: Cl, confidence interval; GRADE, grade of evidence; pOR: pooled odds ratio.

*The basis for the assumed risk was a base rate of 13.2% (95%Cl 11.3-15.3%) for those with two doses of COVID-19 vaccine
up to August 31, 2022 in the Canadian COVID-19 Antibody and Health Survey (7). The corresponding risk (and its 95%
confidence interval) is based on the assumed risk in the intervention group and the relative effect of the intervention (and
its 95% Cl). GRADE, grade of evidence based on a four-star scale of **** high confidence to * very low confidence in the
evidence.

Table 6: Summary of findings table for the main outcome of PCC development in children up to 18 years
old. Separated by number of vaccine doses. The illustrative example is based on a PCC prevalence of

5.8% in the unvaccinated children population.

Patient or population: children up to 18 years old who had COVID-19
Setting: any

Intervention: vaccination before COVID-19 infection

Comparison: unvaccinated

lllustrative comparative in cases of PCC per
100 COVID-19 cases (95% Cl)

Certainty
Baseline Corresponding . Number of of the
without risk with Risk Relative effect | participants | evidence
Exposure vaccine vaccine difference (95% CI) (studies) | (GRADE) Comments

Q1: the risk of developing PCC in children vaccinated before COVID-19 compared to unvaccinated

Among children aged 12-
17, one vaccine dose

1.5 fewer 6886 before COVID-19 may
pPcC-1 5 g 4.3 PCC cases OR 0.74 (1 nor'l- @®OOQ |have little to no ef'fec't on
dose (3.0t0 6.0) (2.8 fewer | (0.52 to 1.04) randomised | Verylow | the odds of developing

t0 0.2 more) study) PCC; however, the

evidence is very
uncertain (68).

https://doi.org/10.1017/50950268825000378 Published online by Cambridge University Press



https://doi.org/10.1017/S0950268825000378

40

Among children up to 18
years old, two or three

vaccine doses may have
little to no effect on the

0.7 fewer 1275 .
odds of developing PCC.
PCC-2or 5.1 PCC cases pOR 0.88 (3 non- o000 i
5.8 . Moderate heterogeneity
3 doses (3.9t06.7) (1.9 fewer | (0.67 to 1.15) | randomised Low
) (’=49.4%) and 95%
to 0.9 more) studies)

prediction interval (0.12-
5.6) suggest the results
are imprecise (42, 69,
70).

Footnotes: The illustrative example is based on a PCC prevalence of 5.8% in the unvaccinated children population. For
explanations see the GRADE data in Supplementary Table S2e.

Abbreviations: Cl, confidence interval; GRADE, grade of evidence; pOR: pooled odds ratio.

*The basis for the assumed risk was a base rate of 5.8% reported by unvaccinated children under 18 years old in eight
countries (Argentina, Canada, Costa Rica, Italy, Paraguay, Singapore, Spain, and the United States) (103). The corresponding
risk (and its 95% confidence interval) is based on the assumed risk in the intervention group and the relative effect of the
intervention (and its 95% Cl). GRADE, grade of evidence based on a four-star scale of **** high confidence to * very low

confidence in the evidence.
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Figure 1. PRISMA flow diagram of articles through the systematic review process, including studies from

779
780  the previous version and new studies in this update.
Previous studies l | New studies
) &
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é June 2023 = 345
E January 2024 = 415
Records identified through
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2
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783 Figure 2. Meta-analysis of the effect of vaccination prior to COVID-19 compared to unvaccinated on the

784  odds of developing PCC, stratified by number of doses.

OR Weight
Study with 0% CI %)
1dose
Carazo (2022) ] 0E5[080, 121 200
Hastie {2022} [ ] CED[O7E. 1.04] 354
Simon {2021) [ ] 0z2[020, 035 260
loannoy (2022) | ] 103[086, 11] 382
Marra (2023} ] 0OI[080, 129 282
Wong (2023} eronalfsc cohort L 035[0.12, 109] 132
Wong (2023} Pfzer-BioTech cohort - 0IT[002, 180] 0.45
Angarita-Fonseca (2023) B 0E2[081, 111] 323
Fatima (2023) F 0441024, D20 241
Heterogensity: 1° = 0.31, 1" = 08.93%, H' = 3250 ’ 082[041, 087
Testof 8, =8, Q(F) =540.17, p = 0.00
Testof=0:2=-234 p=0.02
2 doses
Nastimento (2023} s 3 055[036, 0.8¢] 202
Eyoubknani (20223) [ ] 058[050. 088 352
Emecen (2022) | ] 052[040, 071] 325
Brannock (2023) madel cohort | 0T0[085. 075 362
Brannock (2023) clinic cohort [ ] 0T0[080, 0.81] 254
loannoy (Z022) = OTB[068. 0801 355
Marra (2023) E 117[078, 175 207
Richard (2023) iz 065[047. 0.88] 318
Eimazny (2023) ] 060[0.45, 0.80] 327
Angariia-Fonseca (2023) ] 075[061, 082 345
Kuodi (2023) = 0TE[ 084, 103 218
Thawesthai (2023} pre-Omicron cohort [ ] 0TD[084, 097] 344
Thawesthai (2023 Ormicran post-acute cohont = QT0[050, 088 215
Thawesthai (2023) Omicron scuts cohort 051[028, 080] 248
Babicki {2023) E B 0E3[0.46, 150] 244
Fatima (2023) - 038[020, 071 234
Hetarogensity: 1° = 0.01, I = 35.16%, H 1 058[084 074
Testof8 =8i: Q15 = 26,03, p=0.04
Testof8=0:z=-10.03, p=0.00
10r2 doses
Bailouz {2023) Deha cahort L o 0E0[0.23, 1.08] 147
Bailouz (2023) Omicron cohort ] 040[027, 089 242
Abu Hamdh {2023} . | 014[000, D24 271
Haterogensity: 1 =044 1" = B18T% H' =551 ’ 032[014, 0T
232, p=D.00
270, p=001
2+ doses
Wong (2023} Coronalfac cohart - 035[0.14, 0.87] 183
Wong (2023} Pfizer-BioNTech cohort - 022[008, 087 145
Haterogensity: T =0.00, 1" = 0.00%, H = 1.00 ‘ 0Z2[0.14, 0.57]
Testol 8
Testofg=
I+ doses
Eallouz {2023} Delta cohort - ~170[012, 27.80] 031
Ballouz {2023) Ormicron cohart . 030[ 0.1 D78 155
Marra (2023) . 063[039, 107 275

=
Angariia-Fonseca (2023) L] 0BI[063. 1.05] 334
Hundi (2023) " 0B4[0682, 118 220
Diexer (2023) Cmicron cohort o
Heterogeneity: T = 0.08,1° = B0.64%, H =2.53 ’

148[081, 155 331
0E2[062 109]

4 doses
Marms (2023} B 005001, 022] 080
Heterogensity: 7 = ’ 005[001, 022
Testof® =9;: Q{0) =-0.00.p =,

Testof8=0:2=-3.00, p=0.00

Test of group differences. Q:(3) = 22.43. 0 = 0.00
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787 Figure 3. Meta-analysis of the hazard ratios for developing PCC in those vaccinated prior to COVID-19

788 compared to unvaccinated, stratified by number of doses.

HR Weight
Study with 95% CI (%)
1 dose
Taquet (2022) - 0.96[0.89, 1.03] 14.99
Catala (2024) —— 0.54[0.44, 0.65] 13.20

Heterogeneity: T = 0.16, I’ = 96.80%, H” = 31.22 ———— () 72 [ 0.41, 1.28]
Test of 6, = 8;: Q(1) = 31.22, p = 0.00
Testof 6=0:z=-112,p=0.26

2 doses

Brannock (2023) model cohort —- 0.63[0.57, 0.69] 14.74
Brannock (2023) clinic cohort —— 0.67 [ 0.56, 0.80] 13.56
Al-Aly (2022) - 0.85[0.82, 0.89] 15.23
Taquet (2022) . 1.00[0.95, 1.06] 15.14
Jassat (2023) —h—1.03 [0.85, 1.25] 13.14
Heterogeneity: T = 0.05, I* = 96.66%, H” = 29.96 R 0.82[0.67, 1.00]

Test of 6, = 6;: Q(4) = 81.53, p = 0.00
Testof 8=0:z=-2.00, p=0.05

Test of group differences: Q,(1) = 0.17, p = 0.68

1/2 1
789 Random-effects REML model
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791 Figure 4. Meta-analysis of the effect of vaccination prior to COVID-19 compared to unvaccinated on the

792 odds of developing PCC in children up to 18 years old, stratified by number of doses.

OR Weight
Study with 95% CI (%)
1 dose
Atchison (2023) age 12-17 - 0.74[0.52, 1.05] 35.83
Heterogeneity: T = 0.00, I’ = .%, H’ = . alipn 0.74[0.52, 1.05]

Test of 8 = 6;: Q(0) =0.00, p=.
Testof 8=0:z=-1.70, p = 0.09

2 or 3 doses

Morello (2023) age 5-11 " 0.60[0.33, 1.10] 20.42
Morello (2023) age 12-18 —— 140[0.81, 2.42] 23.06
Li (2023) age 0-18 —u— 0.65[0.34, 1.25] 18.61
Getsuwan (2023) age 1-18 0.36[0.04, 3.71] 2.09
Heterogeneity: 7° = 0.13, I’ = 49.40%, H’ = 1.98 B 0.80[0.47, 1.36]

Test of 6, = 6;: Q(3) = 5.60, p=0.13
Testof 8=0:z=-0.83, p=0.41

Overall <> 0.79[0.56, 1.11]
Heterogeneity: T° = 0.05, I’ = 37.20%, H’ = 1.59
Test of 8, = 6;: Q(4) = 5.87, p=0.21

Testof 6=0:z=-1.35,p=0.18

Test of group differences: Qu(1) = 0.06, p = 0.80

T T T T

116 1/8 14 1/2 1 2

793 Random-effects REML model
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795 Figure 5. Meta-analysis of the effect of booster vaccination prior to COVID-19 compared to only a

796 primary series on the odds of developing PCC.

OR Weight

Study with 95% Cl (%)
de Bruijn (2024) Omicron cohort —— 0.93[0.79, 1.10] 47.67
Diexer (2023) Omicron cohort —l— 0.78[0.64, 0.94] 40.08
Antonelli (2023) Omicron cohort 0.77[0.39, 1.52] 4.38
Antonelli (2023) Delta cohort = 0.83[0.50, 1.37] 7.87
Overall . 0.85[0.74, 0.98]
Heterogeneity: 1° = 0.00, I* = 16.85%, H* = 1.20
Test of 8= 6;: Q(3) = 2.10, p=0.55
Testof 0=0:z=-2.19, p=0.03

1;'2 1

797 Random-effects REML model
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799 Figure 6. Meta-analysis of the effect of vaccination after COVID-19 compared to unvaccinated on the
800  odds of developing PCC or persistent PCC, stratified by vaccination after established PCC and vaccination

801 anytime after COVID-19 infection.

OR Weight
Study with 95% ClI (%)

Vaccinated after PCC

Augustin (2023), 1-2 doses ————®—— 1.03[032, 3.30] 8.03
Nehme (2022), 1-2 doses : 3 0.72[ 0.56, 0.92] 24.30
Wynberg (2022), 1 dose o 0.64[0.18, 2.27] 7.13
Heterogeneity: T = 0.00, I = 0.00%, H’ = 1.00 E . 0.73[ 0.57, 0.92]
Test of 8, =6, Q(2) = 0.38, p=0.83
Testof8=0:z=-2.61,p=0.01
Vaccinated anytime after infection
Hernandez-Aceituno (2023), 1-3 doses —— 1.50[0.71, 3.18] 13.65
Babicki (2023), 2 doses —gi- 0.95[ 064, 1.41] 21.18
Yin (2024), 1 dose u 1.02[0.23, 452] 5.60
Yin (2024), 2 doses —a— 0.34[0.11, 1.09] 8.11
Yin (2024), 3 doses — 0.18[0.06, 0.52] 9.18
Kim (2023), 1-4 doses = 0.61[0.07, 562] 283
Heterogeneity: 1° = 0.45, |° = 67.83%, H = 3.1 =i 0.65[0.32, 1.31]
Test of 8 = 8: Q(5) = 13.23, p = 0.02
Testof6=0:z=-1.19,p=0.23
Test of group differences: Qy(1) = 0.08, p = 0.77
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