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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 
based on ComPaRe e- cohort
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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 

https://dx.doi.org/10.1136/bmjmed-2022-000229
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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.

https://www.R-project.org/
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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

https://dx.doi.org/10.1136/bmjmed-2022-000229
https://dx.doi.org/10.1136/bmjmed-2022-000229


Tran V- T, et al. BMJMED 2023;2:e000229. doi:10.1136/bmjmed-2022-0002298

OPEN ACCESSOPEN ACCESS

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…".

Acknowledgements The authors thank Elise Diard and Clara Marre 
from the ComPaRe team and Jo Ann Cahn for editing.

Contributors V- TT generated the idea; V- TT, EP, and PR conceived 
and designed the experiments; V- TT, JS, and IP collected the 
data; V- TT and EP analysed the data; V- TT wrote the first draft of 
the manuscript; EP, JS, IP, and PR contributed to the writing of 
the manuscript. All authors read and meet the ICMJE criteria for 
authorship and agree with the study results and conclusions. V- TT 
and EP are the guarantors. V- TT and EP had full access to the data in 
the study and take responsibility for the integrity of the data and the 
accuracy of the data analysis. The corresponding author attests that 
all listed authors meet authorship criteria and that no others meeting 
the criteria have been omitted. Transparency: The lead authors (the 
guarantors) affirm that the manuscript is an honest, accurate, and 
transparent account of the study being reported; that no important 
aspects of the study have been omitted; and that any discrepancies 
from the study as planned (and, if relevant, registered) have been 
explained.

Funding The authors have not declared a specific grant for this 
research from any funding agency in the public, commercial, or not- 
for- profit sectors.

Competing interests All authors have completed the ICMJE uniform 
disclosure form at www.icmje.org/disclosure-of-interest/ and declare: 
no support from any organisation for the submitted work; no financial 
relationships with any organisations that might have an interest in the 
submitted work in the previous three years; no other relationships or 
activities that could appear to have influenced the submitted work.

Ethics approval The institutional review board of Hôtel- Dieu 
Hospital, Paris, approved the study (IRB 0008367). All patients 
provided online consent before participating in the cohort.

Provenance and peer review Not commissioned; externally peer 
reviewed.

Data availability statement Data are available upon reasonable 
request. All data (including deidentified individual patient data and 
a data dictionary) from the study are available to academic research 
teams under the rules of the ComPaRe e- cohort ( www. compare. aphp. 
fr). Study related documents (study protocol, statistical analysis plan, 
and informed consent form) are available on request according to the 
same rules.

Supplemental material This content has been supplied by the 
author(s). It has not been vetted by BMJ Publishing Group Limited 
(BMJ) and may not have been peer- reviewed. Any opinions or 
recommendations discussed are solely those of the author(s) 
and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. 
Where the content includes any translated material, BMJ does not 
warrant the accuracy and reliability of the translations (including 
but not limited to local regulations, clinical guidelines, terminology, 
drug names and drug dosages), and is not responsible for any 
error and/or omissions arising from translation and adaptation or 
otherwise.

Open access This is an open access article distributed in accordance 
with the Creative Commons Attribution Non Commercial (CC BY- NC 
4.0) license, which permits others to distribute, remix, adapt, build 
upon this work non- commercially, and license their derivative works 
on different terms, provided the original work is properly cited, 
appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/ 
4.0/.

ORCID iD
Viet- Thi Tran http://orcid.org/0000-0003-1863-6739

REFERENCES

 1 Office for National Statistics. Prevalence of ongoing symptoms 
following coronavirus (COVID- 19) infection in the UK. London, UK; 
2021 [Accessed 02 Sep 2021].

 2 Ayoubkhani D, Khunti K, Nafilyan V, et al. Post- covid syndrome in 
individuals admitted to hospital with covid- 19: retrospective cohort 
study. BMJ 2021;372:n693. doi:10.1136/bmj.n693

 3 Davis HE, Assaf GS, McCorkell L, et al. Characterizing long COVID in 
an international cohort: 7 months of symptoms and their impact. 
eClinicalMedicine 2021;38:101019. doi:10.1016/j.eclinm.2021.101019

 4 Tran V- T, Porcher R, Pane I, et al. Course of post COVID- 19 disease 
symptoms over time in the ComPaRe long COVID prospective e- 
cohort. Nat Commun 2022;13:1812. doi:10.1038/s41467-022-29513-z

 5 Notarte KI, Catahay JA, Velasco JV, et al. Impact of COVID- 19 
vaccination on the risk of developing long- COVID and on existing 
long- COVID symptoms: a systematic review. eClinicalMedicine 
2022;53:101624. doi:10.1016/j.eclinm.2022.101624

 6 Antonelli M, Pujol JC, Spector TD, et al. Risk of long COVID 
associated with delta versus omicron variants of SARS- CoV- 2. Lancet 
2022;399:2263–4. doi:10.1016/S0140-6736(22)00941-2

 7 Al- Aly Z, Bowe B, Xie Y. Long COVID after breakthrough SARS- CoV- 2 
infection. Nat Med 2022;28:1461–7. doi:10.1038/s41591-022-01840-
0

 8 LongCovidSOS. The impact of COVID vaccination on symptoms 
of long Covid. An international survey of 900 people with lived 
experience, 2021. Available: https://3ca26cd7-266e-4609-b25f- 
6f3d1497c4cf.filesusr.com/ugd/8bd4fe_a338597f76bf4279a851a7a4 
cb0e0a74.pdf [Accessed 03 Sep 2021].

 9 Arnold D, Milne A, Samms E, et al. Are vaccines safe in patients 
with long COVID? A prospective observational study. medRxiv 2021. 
doi:10.1101/2021.03.11.21253225

 10 Kuodi P, Gorelik Y, Zayyad H, et al. Association between 
vaccination status and reported incidence of post- acute COVID- 19 
symptoms in Israel: a cross- sectional study of patients tested 
between March 2020 and November 2021. medRxiv 2022. 
doi:10.1101/2022.01.05.22268800

 11 Ayoubkhani D, Bermingham C, Pouwels K, et al. Changes in the 
trajectory of long Covid symptoms following COVID- 19 vaccination: 
community- based cohort study. medRxiv 2022. doi:10.1101/2021.12.
09.21267516v1

 12 Massey D, Berrent D, Akrami A, et al. Change in symptoms and 
immune response in people with post- acute sequelae of SARS- 
Cov- 2 infection (PASC) after SARS- Cov- 2 vaccination. medRxiv 2021. 
doi:10.1101/2021.07.21.21260391

 13 Mehandru S, Merad M. Pathological sequelae of long- haul COVID. 
Nat Immunol 2022;23:194–202. doi:10.1038/s41590-021-01104-y

 14 Hernán MA, Robins JM. Using big data to emulate a target trial when 
a randomized trial is not available. Am J Epidemiol 2016;183:758–64. 
doi:10.1093/aje/kwv254

 15 Tran V- T, Ravaud P. Collaborative open platform E- cohorts for 
research acceleration in trials and epidemiology. J Clin Epidemiol 
2020;124:139–48. doi:10.1016/j.jclinepi.2020.04.021

 16 Denscombe M. The Good Research Guide. Buckingham: Open 
University Press, 1997.

 17 Tran V- T, Riveros C, Clepier B, et al. Development and validation of 
the long covid symptom and impact tools, a set of patient- reported 
instruments constructed from patients' lived experience. Clin Infect 
Dis 2022;74:278–87. doi:10.1093/cid/ciab352

 18 Haute Autorité de Santé. Stratégie de vaccination contre le SARS- 
CoV- 2 : Vaccination des personnes ayant un antécédent de Covid- 19; 
2021.

 19 Tubach F, Dougados M, Falissard B, et al. Feeling good rather 
than feeling better matters more to patients. Arthritis Rheum 
2006;55:526–30. doi:10.1002/art.22110

 20 Food and Drug Administration. What is a serious adverse event? 
2022. Available: https://www.fda.gov/safety/reporting-serious- 
problems-fda/what-serious-adverse-event [Accessed 04 Nov 2022].

 21 García- Albéniz X, Hsu J, Bretthauer M, et al. Effectiveness of 
screening colonoscopy to prevent colorectal cancer among 
Medicare beneficiaries aged 70 to 79 years. Ann Intern Med 
2017;166:18–26. doi:10.7326/M16-0758

 22 World Health Organization. International classification of primary 
care, second edition (ICPC- 2), 2003. Available: https://www.who.int/ 
classifications/icd/adaptations/icpc2/en/ [Accessed 04 Apr 2020].

 23 Austin PC. Balance diagnostics for comparing the distribution of 
baseline covariates between treatment groups in propensity- score 
matched samples. Stat Med 2009;28:3083–107. doi:10.1002/
sim.3697

 24 Austin PC. A critical appraisal of propensity- score matching 
in the medical literature between 1996 and 2003. Stat Med 
2008;27:2037–49. doi:10.1002/sim.3150

 25 Rotnitzky A, Robins J. Analysis of semi- parametric regression 
models with non- ignorable non- response. Stat Med 
1997;16:81–102. doi:10.1002/(SICI)1097-0258(19970115)16:1<81::AID-
SIM473>3.0.CO;2-0

https://www.google.com/url?q=http://www.icmje.org/disclosure-of-interest/&sa=D&source=editors&ust=1670349062150970&usg=AOvVaw31kkvXxXuA7eeCDZk7yRKx
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-1863-6739
http://dx.doi.org/10.1136/bmj.n693
http://dx.doi.org/10.1016/j.eclinm.2021.101019
http://dx.doi.org/10.1038/s41467-022-29513-z
http://dx.doi.org/10.1016/j.eclinm.2022.101624
http://dx.doi.org/10.1016/S0140-6736(22)00941-2
http://dx.doi.org/10.1038/s41591-022-01840-0
https://3ca26cd7-266e-4609-b25f-6f3d1497c4cf.filesusr.com/ugd/8bd4fe_a338597f76bf4279a851a7a4cb0e0a74.pdf
https://3ca26cd7-266e-4609-b25f-6f3d1497c4cf.filesusr.com/ugd/8bd4fe_a338597f76bf4279a851a7a4cb0e0a74.pdf
https://3ca26cd7-266e-4609-b25f-6f3d1497c4cf.filesusr.com/ugd/8bd4fe_a338597f76bf4279a851a7a4cb0e0a74.pdf
http://dx.doi.org/10.1101/2021.03.11.21253225
http://dx.doi.org/10.1101/2022.01.05.22268800
http://dx.doi.org/10.1101/2021.12.09.21267516v1
http://dx.doi.org/10.1101/2021.07.21.21260391
http://dx.doi.org/10.1038/s41590-021-01104-y
http://dx.doi.org/10.1093/aje/kwv254
http://dx.doi.org/10.1016/j.jclinepi.2020.04.021
http://dx.doi.org/10.1093/cid/ciab352
http://dx.doi.org/10.1093/cid/ciab352
http://dx.doi.org/10.1002/art.22110
https://www.fda.gov/safety/reporting-serious-problems-fda/what-serious-adverse-event
https://www.fda.gov/safety/reporting-serious-problems-fda/what-serious-adverse-event
http://dx.doi.org/10.7326/M16-0758
https://www.who.int/classifications/icd/adaptations/icpc2/en/
https://www.who.int/classifications/icd/adaptations/icpc2/en/
http://dx.doi.org/10.1002/sim.3697
http://dx.doi.org/10.1002/sim.3150
http://dx.doi.org/10.1002/(SICI)1097-0258(19970115)16:1<81::AID-SIM473>3.0.CO;2-0


Tran V- T, et al. BMJMED 2023;2:e000229. doi:10.1136/bmjmed-2022-000229 9

OPEN ACCESSOPEN ACCESS

 26 VanderWeele TJ, Ding P. Sensitivity analysis in observational 
research: introducing the E- Value. Ann Intern Med 2017;167:268–74. 
doi:10.7326/M16-2607

 27 Desai RJ, Franklin JM. Alternative approaches for confounding 
adjustment in observational studies using weighting based on the 
propensity score: a primer for practitioners. BMJ 2019;188:l5657. 
doi:10.1136/bmj.l5657

 28 Tsuchida T, Hirose M, Inoue Y, et al. Relationship between changes in 
symptoms and antibody titers after a single vaccination in patients 
with long COVID. J Med Virol 2022;94:3416–20. doi:10.1002/
jmv.27689

 29 Swank Z, Senussi Y, Manickas- Hill Z, et al. Persistent circulating 
SARS- CoV- 2 spike is associated with post- acute COVID- 19 sequelae. 
Clin Infect Dis 2022. doi:10.1093/cid/ciac722. [Epub ahead of print: 
02 Sep 2022].

 30 Son K, Jamil R, Chowdhury A, et al. Circulating anti- nuclear 
autoantibodies in COVID- 19 survivors predict long- COVID symptoms. 
Eur Respir J 2022:2200970. doi:10.1183/13993003.00970-2022

 ► Additional supplemental material is published online only. To 
view, please visit the journal online (http:// dx. doi. org/ 10. 1136/ 
bmjmed- 2022- 000229).

http://dx.doi.org/10.7326/M16-2607
http://dx.doi.org/10.1136/bmj.l5657
http://dx.doi.org/10.1002/jmv.27689
http://dx.doi.org/10.1093/cid/ciac722
http://dx.doi.org/10.1183/13993003.00970-2022
http://dx.doi.org/10.1136/bmjmed-2022-000229
http://dx.doi.org/10.1136/bmjmed-2022-000229

	Efficacy of first dose of covid-19 vaccine versus no vaccination on symptoms of patients with long covid: target trial emulation based on ComPaRe e-cohort
	Abstract
	Introduction
	Methods
	Data sources
	Eligibility criteria
	Outcomes
	Study groups and follow-up
	Statistical analysis
	Patient and public Involvement

	Results
	Participants
	Outcomes
	Adverse effects reported in the vaccinated group

	Discussion
	Principal findings
	Strengths and limitations of this study
	Conclusions

	References


