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Efficacy of first dose of covid- 19 vaccine versus no vaccination 
on symptoms of patients with long covid: target trial emulation 
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WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Vaccination against covid- 19 disease reduces the rate of infection, hospital 

admissions, and death
 ⇒ Preliminary reports suggest that vaccination of patients who already have 

long covid might reduce their symptoms

WHAT THIS STUDY ADDS
 ⇒ In a target trial emulation assessing the effect of vaccination in 910 patients 

with long covid, remission of all long covid symptoms occurred in 16.6% of 
patients in the vaccination group compared with 7.5% in the control group

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE, OR POLICY
 ⇒ The results suggest that vaccination should be encouraged in all patients who 

have already been infected with the SARS CoV- 2 virus
 ⇒ Further research is needed to understand the mechanisms behind the effect 

of covid- 19 vaccination on symptoms of patients who already have long covid

ABSTRACT
OBJECTIVE To evaluate the effect of covid- 19 
vaccination on the severity of symptoms in patients 
with long covid.
DESIGN Target trial emulation based on ComPaRe 
e- cohort.
DATA SOURCE ComPaRe long covid cohort, a 
nationwide e- cohort (ie, a cohort where recruitment 
and follow- up are performed online) of patients with 
long covid, in France.
METHODS Adult patients (aged ≥18 years) enrolled 
in the ComPaRe cohort before 1 May 2021 were 
included in the study if they reported a confirmed 
or suspected SARS- CoV- 2 infection, symptoms 
persistent for >3 weeks after onset, and at least one 
symptom attributable to long covid at baseline. 
Patients who received a first covid- 19 vaccine 
injection were matched with an unvaccinated control 
group in a 1:1 ratio according to their propensity 
scores. Number of long covid symptoms, rate of 
complete remission of long covid, and proportion of 
patients reporting an unacceptable symptom state 
at 120 days were recorded.
RESULTS 910 patients were included in the analyses 
(455 in the vaccinated group and 455 in the control 
group). By 120 days, vaccination had reduced 
the number of long covid symptoms (mean 13.0 
(standard deviation 9.4) in the vaccinated group 
v 14.8 (9.8) in the control group; mean difference 
−1.8, 95% confidence interval −3.0 to −0.5) and 
doubled the rate of patients in remission (16.6% 
v 7.5%, hazard ratio 1.93, 95% confidence interval 
1.18 to 3.14). Vaccination reduced the effect of long 
covid on patients' lives (mean score on the impact 

tool 24.3 (standard deviation 16.7) v 27.6 (16.7); 
mean difference −3.3, 95% confidence interval 
−5.7 to −1.0) and the proportion of patients with an 
unacceptable symptom state (38.9% v 46.4%, risk 
difference −7.4%, 95% confidence interval −14.5% 
to −0.3%). In the vaccinated group, two (0.4%) 
patients reported serious adverse events requiring 
admission to hospital.
CONCLUSION In this study, covid- 19 vaccination 
reduced the severity of symptoms and the effect of 
long covid on patients' social, professional, and 
family lives at 120 days in those with persistent 
symptoms of infection.

Introduction
To date (August 2022), about 600 million people 
worldwide have been infected with the SARS- CoV- 2 
virus. Most people who develop covid- 19 have 
an acute disease which resolves within 14 days. 
According to the UK Office for National Statistics, 
however, about 10% of patients will have long 
covid or post covid- 19 condition (ie, the persistence 
of symptoms for several months after their orig-
inal symptoms).1 Long covid has a serious effect 
on patients' lives.2 One year after the onset of the 
disease, 90% of patients with long covid still report 
symptoms, and 67% have not returned to previous 
levels of work.3 4

The effect of vaccination on long covid is three-
fold. Firstly, vaccination prevents infection with 
SARS- CoV- 2 and the risk of subsequent long covid.5 6 
Secondly, vaccination reduces the risk and severity 
of long covid in patients with breakthrough infec-
tions (ie, infections that occur after vaccination).7 
Thirdly, vaccination might benefit people who 
already have long covid by reducing their symptoms. 
A peer reviewed survey of 900 patients with long 
covid in the UK reported that 56.7% of participants 
felt that their symptoms had improved after the first 
injection of the covid- 19 vaccine.8 These results 
were confirmed by two small scale cross sectional 
studies.9 10 More recently, a large study based on 
data from the covid- 19 infection survey in the UK 
found that the likelihood of long covid symptoms 
reduced after covid- 19 vaccination but the study did 
not involve a contemporaneous control group.11 The 
mechanisms behind the changes in long covid symp-
toms after vaccination are still unclear; among the 
hypotheses, an increase in antibody titres or elimina-
tion of viral reservoirs after vaccination, or both, are 
frequently reported.12 13
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Randomised controlled trials to investigate 
vaccines as a treatment for long covid are no 
longer logistically feasible in most western coun-
tries because most people have already been vacci-
nated. Therefore, we used data from a large ongoing 
prospective cohort of patients with long covid to 
emulate a target trial evaluating the effect of vacci-
nationon the symptoms and on the impact of long 
covid.

Methods
We used data from the ComPaRe long covid cohort 
to emulate a target trial evaluating the effect of the 
first injection of the covid- 19 vaccine in patients who 
already have long covid, on the severity of symptoms 
and on the impact of the disease on their lives.14

Data sources
The ComPaRe long covid cohort is an ongoing 
nationwide e- cohort (ie, a cohort where recruitment 
and follow- up are performed online) of patients 
with long covid in France, nested in the ComPaRe 
research programme (www.compare.aphp.fr), an 
umbrella e- cohort of patients with chronic condi-
tions.15 Participation opened in November 2020 
and is ongoing. The cohort includes adult patients 
who have reported a SARS- CoV- 2 infection (whether 
or not confirmed by a positive polymerase chain 
reaction (PCR) test result or serological assay, or 
both) and have symptoms persisting for more than 
three weeks after the original infection. Recruitment 
took place from calls on social and general media, by 
partner patient associations, on the official French 
contact tracing app TousAntiCOVID, and by a snow-
ball sampling method where participants were 
encouraged to invite people who had covid- 19 and 
persisting symptoms to enrol.16

Participants in the ComPaRe long covid cohort are 
contacted for follow- up every 60 days by email with 
links to an online questionnaire. At each observa-
tion (eg, T0=cohort enrolment, T1, T2), patients are 
asked if they still have symptoms related to covid- 19. 
Those who report persisting symptoms complete the 
long covid symptom tool and impact tool, a pair of 
validated patient reported instruments assessing, 
respectively, 53 long covid symptoms and six dimen-
sions of patients' lives that can be affected by the 
disease.17 Those reporting no symptoms are asked to 
specify the date when they first noticed the absence 
of symptoms.

Since 11 May 2021, every 45 days patients have 
been self- reporting their covid- 19 vaccination status 
in a different online questionnaire. Those who have 
been vaccinated report the vaccine received, the date 
or dates of vaccination, and any adverse effects. In 
September 2021, all patients who had not previously 
reported being vaccinated were contacted by email to 
confirm their vaccination status.

Eligibility criteria
Our analyses used data from patients enrolled in 
the ComPaRe long covid cohort before 1 May 2021. 
We included adult patients (aged ≥18 years) with a 
confirmed or suspected SARS- CoV- 2 infection, diag-
nosed by a health professional, whose symptoms 
persisted for >3 weeks after the original infection, 
and who reported at least one symptom attributable 
to long covid at baseline. We excluded patients whose 
date of first symptoms was <3 months before baseline 
because at the time of the study the recommendation 
in France was to delay vaccination for three months 
for patients who had recently been infected with 
the SARS- CoV- 2 virus.18 We also excluded patients 
reporting a history of severe allergy in ComPaRe 
because of the likelihood of a history of anaphylaxis, 
a contraindication to vaccination at the time of the 
study.

Outcomes
The primary outcome was the score on the long 
covid symptom tool, a validated patient reported 
outcome developed from patients' lived experience 
of long covid, assessing the number of symptoms 
of long covid (online supplemental material 1). The 
symptom tool score ranges from 0 (ie, remission of 
disease) to 53, and has been shown to correlate with 
patients' quality of life and functional limitations. 
Reproducibility of the score was excellent (intraclass 
correlation coefficient 0.83, 95% confidence interval 
0.80 to 0.86).17 Because the long covid symptom tool 
is a symptom count score, any change in the score 
relates to an objective change in patients' percep-
tion of their symptoms (ie, at least one symptom has 
disappeared or appeared between the two measure-
ments). We also investigated the rate of remission 
of the disease (ie, complete disappearance of  symp-
toms). online supplemental material 1

We used the long covid impact tool, a second vali-
dated patient reported outcome, to assess the effect of 
the disease on patients’ social, professional, and family 
lives. The impact tool score ranges from 0 (no impact) to 
60 (maximal impact) and has been shown to be highly 
correlated with patients' quality of life and patients' 
perceived severity of their disease. The impact tool score 
showed excellent reproducibility (intraclass correla-
tion coefficient 0.84, 95% confidence interval 0.80 to 
0.87).17 We also analysed the score on the impact tool 
classified according to its Patient Acceptable Symptom 
State, which represents the level of a continuous 
outcome measure below which patients consider them-
selves well.19 In a previous study, we estimated that the 
Patient Acceptable Symptom State for the impact tool 
was 30/60.17 All outcomes were assessed at 120 days 
after baseline.

Adverse events after vaccination were analysed 
by one investigator (V- TT) from participants’ open 
text answers to the related questions in the online 
questionnaire. Adverse events were categorised as 
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serious based on the definition of the US Food and 
Drug Administration: adverse events resulting 
in death, life threatening, requiring admission 
to hospital or prolonging an existing stay in 
hospital, resulting in persistent or substantial 
disability, or requiring a specific intervention to 
prevent permanent impairment or damage.20

Study groups and follow-up
To define a vaccinated group and a matched 
unvaccinated control group in a population 
where most patients were vaccinated against 
covid- 19, we used the cohort data to emulate 
a sequence of three trials which were then 
pooled.21 In the first trial, we identified all 
patients who met the eligibility criteria when they 
were enrolled in the ComPaRe long covid cohort 
(ie, their first observation point, T0). Patients 
who received their first covid- 19 vaccine injec-
tion with the ChAdOx1 (AstraZeneca), BNT162b2 
mRNA (Pfizer- BioNTech), Ad26.COV2.S (Johnson 
& Johnson), or mRNA- 1273 (Moderna) vaccines 
between baseline and 60 days (ie, their second 
observation point, T1), were classified as the 
vaccinated group and matched in a 1:1 ratio to 
patients who did not receive the vaccine in the 
same period (T0 to T1), classified as the control 
group. Patients were followed up for 120 days (ie, 
their third observation point, T2, and endpoint of 
the first trial). Unvaccinated controls who were 
vaccinated before T2 were censored at the date of 
vaccination.

We repeated this procedure by emulating two 
more trials, by considering baseline at 60 days (ie, 
T1) for the second trial, and T2 for the third; we 
applied a similar follow- up strategy (ie, follow- up 
until T3 and T4, respectively). At the baseline 
of each of the three trials, patients' eligibility 
criteria were reassessed and those who no longer 
met the eligibility criteria (eg, because they no 
longer reported symptoms) were excluded from 
that trial. Control patients who had since received 
a covid- 19 vaccine were eligible for inclusion in 
the vaccinated group even though they were in 
the control group in the first (or second) trial. 
However, a patient could only be selected once 
for the control group and once for the vaccinated 
group. Online supplemental material 2 defines 
the sequence of trials in more detail.

Statistical analysis
Our causal contrast of interest was the per protocol 
effect. Within each of the three trials, each patient who 
was vaccinated was matched to an unvaccinated control 
according to their probability of getting vaccinated 
against covid- 19 given their baseline covariates (ie, the 
propensity score). The propensity score was calculated 

with a non- parsimonious multivariable logistic regres-
sion model including variables planned and prespeci-
fied before the outcome analyses: sex; age; educational 
level (≥2 years post- secondary education—higher educa-
tion v lower); number of comorbidities (self- reported 
with the International Classification of Primary Care, 
version 2)22; SARS- CoV- 2 infection confirmed by labo-
ratory analysis (yes for patients reporting a positive test 
result for SARS- CoV- 2 infection by PCR test or serolog-
ical assay, or both, and otherwise no); interval from 
the start of covid- 19 symptoms; history of admission to 
hospital for covid- 19 during the acute phase; score on 
long covid symptom tool at baseline; and score on long 
covid impact tool at baseline. Standardised differences 
were examined to assess balance, with a threshold of 
10% indicating a clinically meaningful imbalance.23 
Propensity score matching used a calliper width of 0.2 of 
the pooled standard deviation of the logit of the propen-
sity score.24

For our analysis, we pooled the three trials and 
estimated the effect of treatment with one model, 
including a trial covariate, rather than fitting a sepa-
rate model for each trial. Also, because some people 
participated in more than one trial, we used a robust 
variance estimator to estimate conservative 95% 
confidence intervals.

To correct for the induced time varying selection 
generated by the artificial censoring of patients in the 
unvaccinated group at the date of their first vaccine 
injection, we used inverse probability of censoring 
weighting with weights proportional to the inverse of 
the probability of remaining uncensored until each time 
point, given the baseline covariates. Stabilised weights 
were obtained by multiplying the weights by the overall 
probability of being uncensored at each time point.25 To 
assess the quality of the correction, we compared the 
number of patients at risk, over time, in the two groups, 
and the balance of the baseline covariates between the 
two groups, 120 days after inclusion in the trials (online 
supplemental material 3).

In the survival analyses, to account for immortal 
time bias, baseline was considered as the vaccina-
tion date for patients in the vaccinated group and the 
vaccination date of their matched patient for those in 
the control group. Outcomes were studied in the total 
population and in a subgroup restricted to partici-
pants with a confirmed SARS- CoV- 2 infection. Two 
post hoc subgroup analyses were conducted: onset 
of symptoms ≤12 months versus >12 months, and 
vaccine type.

We used the E value to evaluate how the results 
could be affected by unmeasured confounding. The 
E value measures the minimum strength of associa-
tion an unmeasured confounder would need to have 
with both the intervention and the outcome to fully 
explain away the treatment effect.26

We performed several sensitivity analyses. Firstly, 
we restricted the study population to patients who 
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had been included in only one of the three trials (ie, 
excluding patients included twice in the study, once 
in the unvaccinated group and then in the vaccinated 
group) to examine the potential correlation induced 
by including the same patient in several trials. 
Secondly, we analysed how our design, based on a 
sequence of emulated trials, could affect our results 
by estimating separate treatment effect estimates 
for each trial and then conducting a meta- analysis 
with a fixed effect approach. Finally, we conducted a 
secondary analysis that used standardised mortality 
ratio weighting as an alternative to propensity score 
matching.27

Missing baseline and outcome variables were 
handled by multiple imputation with chained equa-
tions that used the other variables available. All 
statistical analyses were performed with the R statis-
tical package version 4.0.3 (The R Foundation for 
Statistical Computing, www.R-project.org/).

Patient and public Involvement
The study is a reanalysis of existing data. Patients 
were involved in design of the questionnaires and 
measurement tools used in the cohort. In ComPaRe, 
lay summaries of research results are systematically 
shared with participants and partner patient associ-
ations on the project's homepage.

Results
Participants
Among the 1296 patients included in the ComPaRe 
long covid cohort before 1 May 2021 who provided 
their vaccination status, 910 were included in the 
analyses (455 patients in the vaccinated group 
matched to 455 patients in the control group) 
(online supplemental material 4). Online supple-
mental materials 5–7 give details of the definition 
and matching procedures in the sequence of trials. 
In each trial and after pooling all trials, all variables 
included in the propensity score models had stand-
ardised differences of <10% after matching (online 
supplemental material 8).

Median age of the patients was 47 years (inter-
quartile range 40- 54); 733 (80.5%) were women, 
545 (60.1%) had a confirmed SARS- CoV- 2 infection, 
and 81 (8.9%) had been admitted to hospital during 
the acute phase of the covid- 19 disease. The interval 
between the onset of symptoms and baseline was 
10.7 months (interquartile range 6.4- 12.4). Patients 
had been infected before 1 May 2021 and thus were 
not infected with the delta or omicron variants of 
the SARS- CoV- 2 virus. Characteristics of patients 
were similar in the vaccinated and control groups 
(table 1).

In the vaccinated group, 359 patients (78.9%) 
received the BNT162b2 mRNA vaccine, 48 (10.5%) 
the ChAdOx1 vaccine, 47 (10.3%) the mRNA- 1273 
vaccine, and one (0.2%) the Ad26.COV2.S vaccine. 
The median interval between baseline and the first 

covid- 19 vaccine injection in the vaccinated group 
was 38 days (interquartile range 24- 53).

Sixty nine patients were lost to follow- up (32 in 
the vaccinated group and 37 in the control group), 
and 275 (60.4%) patients in the control group were 
censored at their vaccination date. The median 
interval between baseline and censoring was 90 days 
(interquartile range 72.5- 105).

Outcomes
At 120 days after baseline, long covid was less severe 
in the vaccinated group than in the control group. 
The mean score on the long covid symptom tool was 
13.0 (standard deviation 9.4) in the vaccinated group 
and 14.8 (9.8) in the control group (mean difference 
−1.8, 95% confidence interval −3.0 to −0.5). By 120 
days, 16.6% patients in the vaccinated group (n=57) 
reported remission of all symptoms from long covid 
compared with 7.5% (n=27) in the control group 
(risk difference 9.1%, 95% confidence interval 5.0% 
to 13.2%; hazard ratio 1.93, 1.18 to 3.14; E value 
3.26) (figure 1).

Long covid affected patients' lives less in the 
vaccinated group than in the control group. The 
mean score on the long covid impact tool was 24.3 
(standard deviation 16.7) in the vaccinated group 
and 27.6 (16.7) in the control group (mean differ-
ence −3.3, 95% confidence interval −5.7 to −1.0). 
The proportion of patients reporting an unaccept-
able symptom state (impact tool score more than the 
Patient Acceptable Symptom State) was 38.9% in the 
vaccinated group and 46.4% in the control group 
(risk difference −7.4%, 95% confidence interval 
−14.5% to −0.3%; E value 1.67) (table 2).

The effect of vaccination on the severity and impact 
of long covid was similar in the subgroup of patients 
with covid- 19 confirmed by laboratory test results. 
The mean difference in scores for the symptom tool 
was −1.8 (95% confidence interval −3.4 to −0.2) 
and for the impact tool −3.8 (−6.7 to −0.8) (online 
supplemental material 9). Similarly, we found no 
evidence that the effect of vaccination on the severity 
of the disease varied by time since the original infec-
tion (online supplemental material 10).

The difference in outcomes for the 359 patients 
who received a first dose of BNT162b2 mRNA (Pfizer- 
BioNTech) and their 359 matched controls was 
−1.9 (95% confidence interval −3.4 to −0.5) for the 
symptom tool score and −3.6 (−6.1 to −1.0) for the 
impact tool score. For the 47 patients who received 
a first dose of mRNA- 1273 (Moderna) and their 47 
matched controls, the difference in outcomes was 1.5 
(−2.0 to 5.1) and 2.6 (−4.8 to 10.1) for the symptom 
tool and impact tool scores, respectively. For the 48 
patients who received a first dose of ChAdOx1 (Astra 
Zeneca) and their 48 matched controls, the differ-
ence in outcomes was −3.9 (−7.7 to −0.1) and −7.8 
(−14.7 to −0.9) for the symptom tool and impact tool 
scores, respectively.
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Our main results were consistent with a sensitivity 
analysis where patients who were vaccinated could 
not be used as controls in observation periods before 
they received their vaccine. The mean difference in 
scores was −1.6 (95% confidence interval −3.2 to 
−0.1) for the symptom tool and −3.1 (−5.9 to −0.2) 
for the impact tool (online supplemental material 
11). We investigated whether the delay between 
baseline and vaccination affected patients' outcomes 
120 days after baseline and found no evident interac-
tion (online supplemental material 12). A sensitivity 
analysis where the treatment effect estimates from 
the three emulated trials were calculated separately 
and in a meta- analysis of the three trials showed 

results consistent with the primary analysis (online 
supplemental material 13). Our analysis with inverse 
probability of treatment weighting gave similar 
results to propensity score matching (online supple-
mental material 14).

Adverse effects reported in the vaccinated group
All patients who were vaccinated were asked to report 
any adverse events after vaccination. In total, 26/455 
(5.7%) patients self- reported an adverse effect after 
vaccination (table  3). Four (0.9%) were considered 
serious adverse events: two (0.4%) requiring admis-
sion to hospital (one for deep vein thrombosis and 
one for meningitis), and two (0.4%) required a visit 

Table 1 | Personal and clinical characteristics of patients at baseline (n=910)
Characteristics All patients (n=910) Vaccinated group (n=455) Control group (n=455)

Personal and clinical data       
Median (IQR) age (years) 47 (40- 54) 47 (39- 55) 47 (40- 53)
Men 177 (19.5) 92 (20.2) 85 (18.7)
Educational level (n=909):       
  Middle school or equivalent 52 (5.7) 28 (6.2) 24 (5.3)
  High school or equivalent 117 (12.9) 51 (11.2) 66 (14.5)
  2 years post- secondary education 205 (22.5) 100 (22) 105 (23.1)
  ≥3 years post- secondary education 515 (56.6) 264 (58) 251 (55.2)
  Other 20 (2.2) 11 (2.4) 9 (2)
Presence of at least one comorbidity 353 (38.8) 177 (38.9) 175 (38.5)
Comorbidities:       
  Asthma or COPD 67 (7.4) 36 (7.9) 31 (6.8)
  Atrial fibrillation 7 (0.8) 5 (1.1) 2 (0.4)
  Other cardiovascular diseases (including 

hypertension)
45 (4.9) 20 (4.4) 25 (5.5)

  Cerebrovascular diseases 5 (0.5) 3 (0.7) 2 (0.4)
  Chronic kidney disease 5 (0.5) 3 (0.7) 2 (0.4)
  Chronic liver diseases 3 (0.3) 2 (0.4) 1 (0.2)
  Diabetes 17 (1.9) 11 (2.4) 6 (1.3)
  Cancer 12 (1.3) 5 (1.1) 7 (1.5)
  Anxiety or depression 30 (3.3) 15 (3.3) 15 (3.3)
Median (IQR) body mass index (n=906) 23.7 (21.0- 27.0) 23.9 (21.0- 27.2) 23.5 (21.1- 27.0)
Covid- 19 data       
Laboratory confirmed covid- 19 infection 
(n=907)

545 (60.1) 271 (59.8) 274 (60.4)

Median (IQR) time from onset of symptoms 
to baseline (months)

10.7 (6.4- 12.4) 11.2 (6.0- 12.5) 10.6 (8.3- 12.2)

Admitted to hospital for covid- 19 81 (8.9) 38 (8.4) 43 (9.5)
Admitted to ICU for covid- 19 16 (1.8) 7 (1.5) 9 (2.0)
Median (IQR) severity of long covid at 
baseline (symptom tool score)

14 (9- 21) 15 (9.5- 21) 14 (9- 21)

Median (IQR) impact of long covid at base-
line (impact tool score) (n=907)

32 (20- 43) 32.5 (20- 42) 32 (21- 43)

Vaccination data       
Vaccine received:     –
  BNT162b2 mRNA (Pfizer- BioNTech) 359 (39.4) 359 (78.9)
  ChAdOx1 (Astra Zeneca) 48 (5.3) 48 (10.5)
  mRNA- 1273 (Moderna) 47 (5.2) 47 (10.3)
  Ad26.COV2.S (Johnson & Johnson) 1 (0.1) 1 (0.2)
No of patients eligible for vaccination ≥30 
days before baseline

116 (12.7) 74 (16.3) 42 (9.2)

Median (IQR) time from baseline to vacci-
nation (days)

38 (24- 53) 38 (24- 53) –

Data are number (%) unless indicated otherwise.
IQR=interquartile range; COPD=chronic obstructive pulmonary disease; ICU=intensive care unit.
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to the emergency department. Other adverse events 
included relapse of long covid symptoms (n=13, 
2.8%) and known local and systemic reactions to 
vaccination (eg, shoulder pain, mild fever) (n=5, 
1%).

Discussion
Principal findings
In patients with long covid, we found that the first 
covid- 19 vaccine injection was associated with a 
reduction in the severity of the disease and on the 
effect on patients' social, professional, and family 
lives at 120 days after baseline. In particular, our 
results showed that the remission rate of long covid 
symptoms was 16.6% in the vaccinated group (n=57) 
compared with 7.5% (n=27) in the control group 
(hazard ratio 1.93, 95% confidence interval 1.18 to 
3.14). Receiving a vaccine was also associated with 
a significant increase in the proportion of patients 
reporting an acceptable symptom state; for every 

13 patients with long covid who are vaccinated, one 
will have a notable decrease in the disease’s effect on 
their life. Side effects related to the vaccine seemed 
to be generally rare, with only two (0.4%) patients 
reporting an adverse effect that required admission to 
hospital. But for some patients, vaccination seemed 
to worsen the disease or cause a relapse. These 
results are in line with other reports investigating the 
efficacy of vaccination on symptoms of patients who 
already have long covid which showed that 20- 40% 
of patients reported worsening of their symptoms or 
relapses after vaccination.8 28

Millions of patients have persistent symptoms 
after infection with the SARS CoV- 2 virus and many 
more might be at risk in the future. To our knowl-
edge, this is the first study of a potential interven-
tion that could reduce the burden of long COVID on 
care systems. Showing the effectiveness of vaccina-
tion on symptoms of long covid might also help our 
understanding of the causes of the persistence of 
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Figure 1 | Cumulative event curve for complete remission of long covid symptoms in the vaccinated and control groups. 
For 275 patients in the control group, data were censored at the date they received their vaccine before 120 days. 
Artificial censoring was taken into account in survival analyses by inverse probability of censoring weighting methods. 
In this analysis, time dependent bias was handled by considering the date of vaccination as baseline for patients 
who were vaccinated, and the vaccination date of the matched patient as baseline for unvaccinated controls. Thus, 
patients in the vaccinated group who achieved symptom remission before vaccination were excluded

Table 2 | Primary and secondary outcomes at 120 days after baseline (n=910)

Outcome at 120 days
Vaccinated group
(n=455)

Control group
(n=455)*

Difference
(95% CI)†

Mean (SD) symptom tool score 13 (9.4) 14.8 (9.8) MD −1.8 (−3.0 to 
−0.5)

Remission (%)‡ 16.6 7.5 RD 9.1 (5.0 to 13.2)
Mean (SD) impact tool score 24.3 (16.7) 27.6 (16.7) MD −3.3 (−5.7 to 

−1.0)
Proportion of patients with impact tool score >PASS (%) 38.9 46.4 RD −7.4 (−14.5 to 

−0.3)

PASS=Patient Acceptable Symptom State; MD=mean difference; RD=risk difference; CI=confidence interval;SD=standard deviation.
*For 275 patients in the control group, data were censored on the date of their vaccination before 120 days (median delay before censoring 90 days, 
interquartile range 72.5- 105).
†Outcome data were missing for 37 (8.1%) and 32 (7.0%) patients in the vaccinated and control groups, respectively. Missing outcome data were handled by 
multiple imputations with chained equations.
‡Estimated by the Kaplan- Meier method.
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symptoms after SARS- CoV- 2 infection. The finding 
that vaccines might reduce symptoms for patients 
who already have long covid implies that, for at 
least some patients, the disease could be related 
to the presence of a persistent viral reservoir, or of 
virus fragments capable of stimulating the immune 
system.11 This hypothesis is supported by a recent 
study which detected circulating SARS- CoV- 2 spike 
in most patients with long covid up to 12 months 
after infection. Another potential mechanism is the 
development of an autoimmune response induced 
by the infection and the reset of these autoimmune 
processes by vaccination. Another recent study 
found that covid- 19 survivors had increased levels 
of circulating antinuclear or extractable nuclear anti-
bodies that correlated with the presence of long covid 
symptoms one year after onset.29 30 Future research 
should examine the symptoms and characteristics of 
patients who improved after vaccination to identify 
targets for specific treatments for long covid.

Strengths and limitations of this study
Our study showed how cohort data can be used 
to answer comparative effectiveness questions 
when randomised trials are no longer feasible.14 
Recruitment for a randomised trial to evaluate vacci-
nation in patients with long covid would be difficult, 
if not impossible, in western countries where most of 
the population has already been vaccinated.

Our study had some limitations. Firstly, despite the 
use of robust methods and statistical techniques to 
make causal inferences from observational data, the 
intervention was not randomly assigned, and potential 
unmeasured confounders could have biased our results. 
For example, patients' motivation to receive a covid- 19 
vaccine was not taken into account, although it might be 
related to their perception of their long covid symptoms.

Secondly, participants in ComPaRe were asked to 
complete the online questionnaires every 60 days and 
so we could not define follow- ups relative to the time 
of vaccination. In the time- to- event analysis, the study 
baseline was defined as the vaccination date for patients 

in the vaccinated group, and the vaccination date of 
their matched patient for those in the control group; the 
treatment effect was thus directly related to the efficacy 
of vaccination at 120 days after vaccination. For the 
analysis of the two patient scores (symptom and impact 
tools), however, baseline was defined as the patient's 
state 120 days before the outcome measurement and 
up to 60 days before vaccination; the treatment effect 
was thus related to the efficacy of vaccination from 60 
to 120 days after vaccination. To account for variation 
in outcome measurement times, we assessed how time 
since vaccination affected the study outcome and found 
no evidence of an interaction between the delay from 
baseline to the time of vaccination and the severity of 
patients' symptoms or the effect on their lives (online 
supplemental material 10).

Thirdly, all patients in our study were infected before 
1 May 2021, and so were not infected with the recent 
delta and omicron variants of the SARS- CoV- 2 virus. 
The effectiveness of vaccination on persistent symptoms 
occurring after infection with these variants is unknown. 
Also, patients in this study had not been vaccinated 
before their infection and long covid, and whether our 
results are applicable to breakthrough infections in 
vaccinated individuals is unclear.

Fourthly, because the outcome was self- reported 
and the intervention was not blinded, the difference 
in outcomes between the two groups might be a 
result of specific and placebo (non- specific) effects. 
The direction and magnitude of these non- specific 
effects are difficult to estimate, however, because at 
the time of our study, reports of both improved and 
worsening of symptoms of long covid after vaccina-
tion had been reported.

Fifthly, adverse events after vaccination were 
collected with an online questionnaire that did not 
ask patients about the precise time of these events.

Sixthly, patients might not have remembered the 
date of remission of symptoms accurately, although 
this error should be limited because two months 
is a relatively short time frame and remission is an 
important date for patients with debilitating symp-
toms. Also, recall bias is unlikely because recalling 
the date of their remission should have been the 
same in the two arms of the study.

Finally, compared with patients described by the 
Office for National Statistics in their report on the 
prevalence of ongoing symptoms after covid- 19 
infection in the UK, our study had fewer young (<25 
years old) and elderly (>70 years old) patients, more 
women, and more patients who had been admitted 
to hospital during their acute infection.1 These differ-
ences might affect the generalisability of our findings 
but do not affect the internal validity of our results.

Conclusions
In this study, we found that covid- 19 vaccination 
reduced the severity of symptoms and the effect of 
long covid on patients' social, professional, and 

Table 3 | Adverse effects self- reported by patients after 
covid- 19 vaccination in the vaccinated group (n=455)

Adverse effect
No of 
events

Deep vein thrombosis requiring admission to hospital 1
Meningitis requiring admission to hospital 1
Suspicion of pulmonary embolism, urgent referral to 
emergency department

1

Suspicion of myocarditis, urgent referral to cardiol-
ogist

1

Known local and systemic mild and moderate reac-
tions to vaccine (eg, shoulder pain, mild or moderate 
fever)

5

Relapse of long covid symptoms 13
Heavy legs 1
Digestive symptoms (eg, diarrhoea) 2
Fatigue 1
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family lives in those who already have persistent 
symptoms of infection. These findings might be 
helpful in encouraging patients to be vaccinated after 
SARS- CoV- 2 infection and could further our knowl-
edge of the mechanisms underlying long covid.
Correction notice This article has been corrected since 
it first published. In the Introduction, para 2, "A non- 
peer reviewed survey…" has been changed to "A peer 
reviewed survey…".
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Supplementary material 1: Long covid Symptom tool (ST) and Impact tool (IT) 

Check the symptoms you experienced in the last 30 days: 

General symptoms 

• Weight loss 

• Loss of appetite 

• Sweats 

• Fever and chills 

• Hot flushes 

• Fatigue 

• Sleeping more 

• Difficulty sleeping 

• Heat/Cold intolerance 

• Changing mood/impact on morale 

• Body aches 

Thorax 

• Rib cage pain 

• Chest pressure 

• Sharp sudden pain, chest burns 

• Tachycardia/Bradycardia/ 

palpitations/Arrhythmia 

• Cough 

• Dyspnea 

Neurological 

• Headache 

• Tremor 

• Dizziness/Malaise 

• Balance disorder 

• Word finding problems 

• Brain fog/Difficulty concentrating 

• Memory problems 

• Paraesthesia (pricking, tingling, or 

creeping on the skin) 

• Impaired/decreased tactile sensibility 

• Change/loss of taste 

• Change/loss of smell 

Digestive 

• Abdominal pain 

• Nausea/Vomiting 

• Diarrhea  

Ear/Nose/Throat 

• Sore throat/tongue/mouth/dysphagia 

• Ear pain 

• Clogged ears 

• Tinnitus 

• Congested/Runny nose 

Eyes 

• Dry eyes 

• Blurry vision 

• Photophobia/Phonophobia 

Musculoskeletal 

• Bone and joint pain 

• Heavy legs/swelling of the legs 

• Muscle aches 

• Neck, back, and low back pain 

Blood and lymph circulation 

• Circulatory problems (including bulging veins) 

• Spontaneous bruises 

• Swollen lymph nodes 

• High or low blood pressure 

Skin and hair 

• Dry/peeling skin 

• Hair loss 

• Skin rash 

• Discoloration/swelling of hands and feet 

Urinary and gynecological 

• Gynecological problems 

• Urinary symptoms 

 

Assess the impact of your illness during the last 30 days… 

• On your personal activities (not being able to do personal activities, driving a vehicle) * 

• On your family life (feeling isolated or as a burden to others, having to ask for help, not being able to do 

household chores or take care of your family) 

• On your professional life (having to stop working, being unable to work as well as before) 

• On your social life (avoiding relationships because of the way people look at you, coping with others not 

taking your disease seriously, being afraid of infecting others) 

• On your morale/mood (low morale, feeling that life is passing you by, fearing of the future or not 

recovering) 

• On your relationship with caregivers (guilt, taking the illness seriously, lack of response, complexity of 

the care pathway) 
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Supplementary material 2: Definition of treatment groups based on the 

observational data in the sequential emulated trials 

We used data from the ComPaRe e-cohort to emulate a sequence of three trials that we subsequently pooled. 

The target trial and its emulated are specified below: 

 Target trial Emulation 

Eligibility criteria - Adult patients (age > 

18 years old) 

 

- Self-reported long 

covid, defined as 

having at least one 

symptom among a 

list of 53 persisting 

more than three 

weeks past the initial 

infection and with at 

least one symptom at 

the time of inclusion 

[5] 

 

- Confirmed or 

suspected infection 

 

- Exclusion of patients 

whose date of first 

symptoms is <3 

months before the 

inclusion date  

  

- Exclusion of patients 

with contraindication 

to vaccination 

(history of 

anaphylactic shock) 

- Adult patients (age > 

18 years old) 

 

- Self-reported long 

covid, defined as 

having at least one 

symptom among a 

list of 53 persisting 

more than three 

weeks past the initial 

infection and with at 

least one symptom at 

baseline [5] 

 

- Confirmed or 

suspected infection 

 

- Exclusion of patients 

whose date of first 

symptoms is <3 

months before 

baseline  

 

- Exclusion of patients 

with a history of 

allergy (as a safe 

proxy to patients 

who may have had 

an anaphylactic 

reaction) 

Treatment strategies Vaccination at baseline 

No vaccination 

Same 

Treatment assignment Random allocation to a 

strategy at baseline. Patients 

are aware of the strategy to 

which they have been 

assigned 

We will classify individuals 

according to the strategy that 

their data were compatible 

With, at baseline. We will 

emulate randomization by 

adjusting for baseline 

confounders 

Outcomes Long covid ST and IT (self-

reported) at 120 days 

Same 

Follow-up Starts at baseline and ends 

120 days after baseline 

 

Same 

Causal contrast intention-to-treat and 

per-protocol effect 

Observational analog  

per-protocol effect 
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For each patient, we divided his/her follow-up in the ComPaRe cohort into consecutive shorter periods defined 

by his/her “observation time points” (T0, T1, T2 …) during follow-up in the cohort. Therefore, for each 

patient, his follow-up in the cohort was divided in periods T0-T1, T1-T2, T2-T3, etc. 

For each patient and for each period, we ascertained if he/she was eligible in for analyses (e.g., if the patient 

still had COVID-19 symptoms at the beginning of the period) and, if so, identified whether he/she received 

the first dose of COVID-19 vaccine during the period. For each vaccinated patient, we matched one patient 

who had not been vaccinated in the same period (e.g., vaccinated patients in the T1-T2 period were matched 

to unvaccinated patients in the T1-T2 period). Matching was based on the propensity score (probability of 

getting vaccinated against COVID-19 given the patient’s baseline covariates. Newly vaccinated persons 

remained eligible for inclusion in a sequential trial, even if they had previously been selected as a control.  

For vaccinated patients and their matched control, the time point defining the start of the period was considered 

as the patient’s baseline in the emulated trial. 

Each patient was followed for 120 days after his/her baseline (for example, patients whose baseline was their 

1st observation point in the ComPaRe cohort were followed-up to their 3rd observation point; and patients 

whose baseline was the second observation point in the cohort were followed-up to their fourth observation 

point). Follow-up was artificially censored at the time of vaccination for unvaccinated controls.  

 

 

The following figure details how baseline was defined for patients and how data were handled when 

observation times were missing. 

Among vaccinated patients, we could not define a bassline for patients who were vaccinated before T0 (their 

first observation point) OR whose last observation time before receiving the vaccination was missing. These 

patients were excluded from the trial which baseline was the missing observation time. However, in the second 

case, if earlier observation periods were available before the missing time point, they were still eligible for the 

control group. 

In the vaccination group, if the earliest observation time after receiving COVID-19 vaccination was missing, 

as long as they received a vaccine injection in the 60 days after baseline, we considered that they were eligible 

in the specific trial, and data from D60 was treated as missing. 
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Supplementary material 3: Assessment of the correction of the induced time-

varying selection generated by the artificial censoring of control patients who 

receive vaccination during their follow-up. 

Patients in the control group were artificially censored when they received vaccination because they then deviated from 

the treatment strategy. To correct for the induced time-varying selection generated by the artificial censoring of patients 

in the unvaccinated group at the date of their first vaccine injection, we used inverse probability of censoring weighting 

with weights proportional to the inverse of the probability of remaining uncensored until each timepoint, given the 

baseline covariates. Stabilized weights were obtained by multiplying the weights by the overall probability of being 

uncensored at each timepoint. 

 

To assess the correction, we 1) compared the number of patients in the two groups, over time and showed observed that 

it remained similar in the two groups (Figure 1); and 2) checked the balance between the baseline characteristics 

between remaining patients at risk, in the two groups at 120 days after inclusion. 

 

Our results show that baseline characteristics were generally balanced between the two groups.  

Of note, the observed differences could be associated with 1) difference in the characteristics of patients who were in 

remission (events); 2) bias due to loss of follow-up; or 3) bias due to the artificial censoring not corrected by the IPCW 

model. 

 

 Total (n=190) 
Treatment 

group (n=99) 

Control group 

(n=91) 

Age – median [IQR] 
46.8 

[39.5 – 54.4] 

48.6 

[41.1 – 56.8] 

45.4 

[39.0 – 52.1] 

Sex – number (%) 154 (80.8) 80 (80.8) 74 (80.8) 

Confirmed COVID-19 infection – 

number (%) 
122 (64.2) 69 (69.7) 53 (58.2) 

Hospitalization for COVID-19 – 

number (%) 
22 (11.7) 12 (12.1) 10 (11.3) 

Number of comorbidites  1.0 [1.0 – 3.0] 1.0 [1.0 – 2.5] 1.0 [1.0 – 3.0] 

Baseline ST score 
13.0 

[9.0 – 20.0] 

14.0 

[9.0 – 21.0] 

12.0 

[8.0 – 17.0] 

Baseline IT score 
28.0 

[17.0 – 42.0] 

29.0 

[18.0 –  41.0] 

26.0 

[17.0 – 42.0] 
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Supplementary material 5a: Propensity score development for the first trial 

(n=266) 

Before matching 

 

After matching 
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Supplementary material 5b: Standardised differences of variables used to generate 

the propensity score for the first trial (n=266) 
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Supplementary material 6a: Propensity score development for the second trial 

(n=398) 

 

Before matching 

 

 

After matching 
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Supplementary material 6b: Standardised differences of variables used to generate 

the propensity score for the second trial (n=398) 
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Supplementary material 7a: Propensity score development for the third trial 

(n=246) 

 

Before matching 

 

After matching 
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Supplementary material 7b: Standardised differences of variables used to generate 

the propensity score for the third trial (n=246) 
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Supplementary material 8: Standardised differences of variables used to generate 

the propensity score in the pooled analysis (n=910) 
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Supplementary material 9: Primary and secondary outcomes at 120 days after 

baseline in the subgroup of patients with confirmed COVID-19 (n=510). 

1For 158 patients in the control group, data were censored at the date of their vaccination before 120 days; 
2Outcome data were missing for 26 (10.2 %) and 14 (5.5 %) patients in the vaccination and control group 

respectively. Missing outcome data were handled by multiple imputations using chained equations. 

 
Vaccinated 

patients 

(n=255) 

Unvaccinated 

controls 

(n=255)1 

Mean difference 

or difference of 

proportion 

(95% CI)2 

Long COVID ST score 

at 120 days - Mean (SD) 
12.0 (8.5) 13.8 (8.7) -1.8 (-3.4 to -0.2) 

Long COVID IT score 

at 120 days - Mean (SD) 
22.7 (16.1) 26.4 (16.3) -3.8 (-6.7 to -0.8) 

 

 

Supplementary material 10a: Primary and secondary outcomes at 120 days after 

baseline in the subgroup of patients whose time since symptom onset was ≤ 12 
months (n=582). 

1For 176 patients in the control group, data were censored at the date of their vaccination before 120 days; 
2Outcome data were missing for 22 (7.6 %) and 22 (7.6 %) patients in the vaccination and control group 

respectively. Missing outcome data were handled by multiple imputations using chained equations. 

 
Vaccinated 

patients 

(n=291) 

Unvaccinated 

controls 

(n=291)1 

Mean difference 

or difference of 

proportion 

(95% CI)2 

Long COVID ST score 

at 120 days - Mean (SD) 
12.0 (9.1) 13.9 (9.2) -1.9 (-3.5 to -0.3) 

Long COVID IT score 

at 120 days - Mean (SD) 
23.5 (16.3) 26.4 (16.3) -2.9 (-5.7 to -0.1) 

 

Supplementary material 10b: Primary and secondary outcomes at 120 days after 

baseline in the subgroup of patients whose time since symptom onset was > 12 

months (n=294). 

1For 58 patients in the control group, data were censored at the date of their vaccination before 120 days; 
2Outcome data were missing for 7 (4.8 %) and 11 (7.5 %) patients in the vaccination and control group 

respectively. Missing outcome data were handled by multiple imputations using chained equations. 

 
Vaccinated 

patients 

(n=255) 

Unvaccinated 

controls 

(n=255)1 

Mean difference 

or difference of 

proportion 

(95% CI)2 

Long COVID ST score 

at 120 days - Mean (SD) 
15.3 (9.9) 17.0 (9.4) -1.7 (-4.0 to 0.6) 

Long COVID IT score 

at 120 days - Mean (SD) 
27.8 (17.1) 30.6 (15.1) -2.8 (-6.7 to 1.1) 
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Supplementary material 11: Primary and secondary outcomes at 120 days in a 

sensitivity analysis with the study population is limited to patients who had been 

included in only one of the three sequential trial (n=652).  

1For 156 patients in the control group, data were censored at the date of their vaccination before 120 days; 2 

Outcome data was missing for 29 (8.9 %) and 22 (6.7 %) patients in the vaccination and control group 

respectively. Missing outcome data were handled by multiple imputations using chained equations. 

 
Vaccinated 

patients 

(n=255) 

Unvaccinated 

controls 

(n=255)1 

Mean difference 

or difference of 

proportion 

(95% CI)2 

Long COVID ST score 

at 120 days - Mean (SD) 
13.2 (9.6) 14.9 (10.2) -1.6 (-3.2 to -0.1) 

Long COVID IT score 

at 120 days - Mean (SD) 
24.1 (16.9) 27.2 (17.0) -3.1 (-5.9 to -0.2) 
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Supplementary material 12:  Value of the long COVID ST and IT score at 120 

days after baseline, as a function of the time to vaccination, among patients who 

were vaccinated (n=618).  
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Supplementary material 13:  Estimation of the treatment effect in the three trials 

separately and meta-analysis of these three trials.  
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Supplementary material 14: Primary and secondary outcomes at 120 days in a 

sensitivity analysis using inverse probability of treatment weighting using 

standardised mortality ratio weights (SMRW).  

 

This analysis compared 523 patients who received vaccination to 1338 patients who did not receive vaccination during 

the same period. 

 

 

 

 
Vaccinated 

patients 

(n=523) 

Unvaccinated 

controls 

(n=1338) 

Mean difference 

or difference of 

proportion 

(95% CI) 

Long COVID ST score 

at 120 days - Mean (SD) 
12.6 (9.3) 14.1 (9.2) -1.4 (-2.6 to -0.3) 

Long COVID IT score 

at 120 days - Mean (SD) 
23.9 (16.7) 26.6 (16.8) -2.4 (-4.5 to -0.4) 
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