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Introduction  
As part of the CIHR-�I�X�Q�G�H�G���S�U�R�M�H�F�W���³A Living Evidence Synthesis on Variants of Concern and 
COVID-19 Vaccine Effectiveness�´�� this report provides initial results on vaccine effectiveness 
against outcomes

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022359790
https://osf.io/qacw4/


These outcome domains were selected from the core outcome set for PASC [2], based on their 
relatively higher prevalence from systematic reviews [1, 3�±9]



1. Overall prevalence of PASC  
 
Table 1.1 . Vaccine effectiveness against the development of PASC among individuals infected 
with SARS -CoV-2 (Alpha, Beta, Gamma, Delta, or Omicron)  

 

Outcome  
(and 

vaccine) 

Number 
of doses  

Time 
since 

infection  

Vaccinated 
pre-or post -

infection  

Effectiveness  
(95% CI) Comparator  

Dominant 
variant 



 

*Estimate is from the analysis that only examined the subset of participants with confirmed vaccination status. Almost 
all double-vaccinated individuals were infected during Delta dominance, while 





 

 

2. Respiratory functioning, symptoms and conditions  
 
Table 2.1. Vaccine effectiveness against respiratory functioning, symptoms and conditions among 
individuals infected with SARS -CoV-2 (Alpha, Beta, Delta, or Omicron)  

Outcome  
(and vaccine) 

Number 
of doses  

Time since 
infection  

Vaccinated 



Runny nose 

mRNA 3 4 months Pre-infection 15% (N/A) 2 doses Omicron  [23] 

Sore throat 



*hypoxemia, interstitial lung disease, pleurisy or pleural effusion, pulmonary disease, shortness of breath 

 

Table 2.4. Vaccine effectiveness against respiratory functioning, symptoms and conditions, 
stratified by care received during acute infection  

 

*hypoxemia, interstitial lung disease, pleurisy or pleural effusion, pulmonary disease, shortness of breath 

Table 2.5. Vaccine effectiveness against respiratory functioning, symptoms and conditions, for 
special populations  

 

*hypoxemia, interstitial lung disease, pleurisy or pleural effusion, pulmonary disease, shortness of breath 

**Immunocompromised was defined as �³a history of organ transplantation, advanced kidney disease (an estimated 
glomerular �I�L�O�W�U�D�W�L�R�Q���U�D�W�H���R�I���O�H�V�V���W�K�D�Q�������×�P�O���P�L�Q�����������×�P�� or end-stage renal disease), cancer, HIV or conditions with 
prescriptions of more than 30-day use of corticosteroids or immunosuppressants, including systemic lupus 
erythematosus and rheumatoid arthritis." [14] 

Table 2.6. Vaccine effectiveness against respiratory functioning, symptoms and conditions, head -
to-head vaccine brand comparison , by outcome   

Outcome  
(and vaccine) 

Number 
of 

doses  

Time since 
infection  

Vaccinated 
pre-or post -

infection  

Effectiveness  
(95% CI)  Comparator  

Dominant 
variant 
during 

infection 
period  

References  

Pulmonary disorders* 

Not hospitalized 

mRNA 2 6 months Pre-infection 33% (26, 40) Unvaccinated  Delta [14] 

Hospitalized 

mRNA 2 6 months Pre-infection 37% (27, 46) Unvaccinated  Delta [14] 

ICU 

mRNA 2 6 months Pre-infection 47% (33, 57) Unvaccinated  Delta [14] 

Outcome  
(and vaccine) 

Number 
of 

doses  

Time since 
infection  

Vaccinated 
pre-or post -

infection  

Effectiveness  
(95% CI) Comparator  

Dominant 
variant 
during 

infection 
period  

References  

Pulmonary disorders* 

Immunocompromised** 

mRNA 2 6 months Pre-infection 42% (28, 53) Unvaccinated  Alpha, Delta [14] 

Vaccine 
brand 1, 

number of 
doses  

Vaccine 
brand 2 

(comparator), 
number of 

doses  

Time since 
infection  

Vaccinated 



 

 

*hypoxemia, interstitial lung disease, pleurisy or pleural effusion, pulmonary disease, shortness of breath 

3. Fatigue or exhaustion  
 

Table 3.1. Vaccine effectiveness against fatigue or exhaustion among individuals infected with 
SARS-CoV-2 (Alpha, Beta, Delta, or Omicron)  

 

 

Table 3.2. Vaccine effectiveness against fatigue or exhaustion among individuals infected with 
Omicron  

Outcome  
(and vaccine) 

Number 
of doses  

Time since 
infection  

Vaccinated 
pre-or post -

infection  

Effectiveness  
(95% CI)  Comparator  References  

Fatigue 

mRNA 3 4 months Pre-infection 23% (N/A) 2 doses [23] 

Fatigue/exhaustion 

BNT



mRNA 3 4 months Pre-infection 31% (N/A) 2 doses [23] 

Physical exhaustion 

mRNA 3 4 months Pre-infection 6% (N/A) 2 doses [23] 

 

Table 3.3. Vaccine effectiveness against fatigue or exhaustion among individuals infected with 
Delta 

Outcome  
(and vaccine) 

Number 
of doses  

Time since 
infection  

Vaccinated 
pre-or post -

infection  

Effectiveness  
(95% CI)  Comparator  References  

Fatigue 

mRNA 2 6 months Pre-infection 28% (19, 37) Unvaccinated  



 

4. Pain  
 

Table 4.1. Vaccine effectiveness against pain among individuals infected with SARS -CoV-2 (Alpha, 
Beta, Delta, or Omicron)  

Outcome  



mRNA 3 4 months Pre-infection -21% (N/A) 2 doses [23] 

Chest pain 

mRNA 3 4 months Pre-infection 28% (N/A) 2 doses [23] 

 

Table 4.3. 



 
*joint pain, muscle pain 

**Immunocompromised was defined as �³a history of organ transplantation, advanced kidney disease (an estimated 
�J�O�R�P�H�U�X�O�D�U���I�L�O�W�U�D�W�L�R�Q���U�D�W�H���R�I���O�H�V�V���W�K�D�Q�������×�P�O���P�L�Q�����������×�P�� or end-stage renal disease), cancer, HIV or conditions with 
prescriptions of more than 30-day use of corticosteroids or immunosuppressants, including systemic lupus 
erythematosus and rheumatoid arthritis." [14] 

5. Nervous system functioning, symptoms and conditions  
 

Table 5.1. Vaccine effectiveness against nervous system functioning, symptoms and conditions 
among individuals infected with SARS -CoV-2 (Alpha, Beta, Delta, or Omicron)  

Outcome  
(and vaccine) 

Number 
of 

doses  

Time 
since 

infection  

Vaccinated 
pre-or post -

infection  

Effectiveness  
(95% CI)  Comparator  

Dominant 
variant 
during 

infection 
period  

References  

Neurologic disorders* 



mRNA 3 4 months Pre-infection 24% (N/A) 2 doses Omicron  [23] 

Dysgeusia (taste disturbance) 



Acute hemorrhagic cerebrovascular disease 

mRNA 2 6 months Pre-infection -2% (-89, 45) Unvaccinated  [14] 

Neurocognitive decline



**Immunocompromised was defined as �³a history of organ transplantation, advanced kidney disease (an estimated 
glomerular filtration rate of �O�H�V�V���W�K�D�Q�������×�P�O���P�L�Q�����������×�P�� or end-stage renal disease), cancer, HIV or conditions with 
prescriptions of more than 30-day use of corticosteroids or immunosuppressants, including systemic lupus 



Memory issues 

mRNA 3 4 months Pre-infection 15% (N/A) 



Psychotic disorder 

mRNA 2 6 months Pre-
infection 35% (21, 48) Unvaccinated  Alpha, Delta [15] 

Mental exhaustion 

mRNA 3 4 months Pre-
infection 21% (N/A) 2 doses 



 

 
*alcohol related disorders; anxiety; opioid use; other substance use disorders; panic, stress and trauma related 
disorders; adjustment disorder; atypical depressants; benzodiazepines; naloxone/naltrexone; sleep aids; sleep 
disorder 

Table 7.4. Vaccine effectiveness against mental functioning, symptoms and conditions, stratified 
by care received during acute infection . 

 
*alcohol related disorders; anxiety; opioid use; other substance use disorders; panic, stress and trauma related 
disorders; adjustment disorder; atypical depressants; benzodiazepines; naloxone/naltrexone; sleep aids; sleep 
disorder 

Table 7.5. Vaccine effectiveness against mental functioning, symptoms and conditions, for special 
populations . 

 
*alcohol related disorders; anxiety; opioid use; other substance use disorders; panic, stress and trauma related 
disorders; adjustment disorder; atypical depressants; benzodiazepines; naloxone/naltrexone; sleep aids; sleep 
disorder 

**Immunocompromised was defined as �³a history of organ transplantation, advanced kidney disease (an estimated 
�J�O�R�P�H�U�X�O�D�U���I�L�O�W�U�D�W�L�R�Q���U�D�W�H���R�I���O�H�V�V���W�K�D�Q�������×�P�O���P�L�Q�����������×�P�� or end-stage renal disease), cancer, HIV or conditions with 
prescriptions of more than 30-day use of corticosteroids or immunosuppressants, including systemic lupus 
erythematosus and rheumatoid arthritis." [14] 

8. Cardiovascular functioning, symptoms and conditions  
 

Outcome  
(and vaccine) 

Number 
of 

doses  

Time since 
infection  

Vaccinated 
pre-or post -

infection  

Effectiveness  
(95% CI)  Comparator  

Dominant 
variant 
during 

infection 
period  

References  

Mental health disorders* 



Table 8.1 Vaccine effectiveness against cardiovascular functioning, symptoms and conditions, 
among individuals infected with SARS -CoV-2 (Alpha, Beta, Delta, or Omicron) . 

Outcome  
(and vaccine) 

Number 
of 

doses  

Time since 
infection  

Vaccinated 
pre-or post -

infection  

Effectiveness  
(95% CI)  Comparator  

Dominant 
variant 
during 

infection 
period  

References  

Cardiovascular disorders* 

mRNA 2 6 months Pre-infection 13% (4, 22) Unvaccinated  Delta [14] 

Acute coronary disease / Coronary disease 

mRNA 2 6 months Pre-infection 8% (-13, 25) to 
15% (-1, 28) Unvaccinated  Delta; 

Alpha, Delta [14, 15] 

Atrial fibrillation 

mRNA 2 6 months Pre-infection 21% (6, 33) Unvaccinated  Delta [14] 

Heart failure  

mRNA 2 6 months Pre-infection 2% (-19, 20) to 
5% (-7, 16) Unvaccinated  Delta; 

Alpha, Delta [14, 15] 





Hospitalized 

mRNA 2 6 months Pre-infection 10% (-5, 22) Unvaccinated  Delta [14] 



 

 

 

  

mRNA     

3 4 months Pre-
infection 

Among Omicron cases, 3 mRNA 
doses pre-infection was associated 
with 9% fewer post-acute physical 
symptoms, compared to 2 mRNA 
doses pre-infection (IRR 0.91, 
95%CI 0.88-0.94).  

2 doses Omicron  [23] 

3+ 3 months Pre-
infection 

Among Omicron cases, no significant 
difference in the mean number of 
PASC symptoms between those 
vaccinated with 3+ mRNA doses pre-
infection vs. unvaccinated individuals 
(mean 0.49 vs. 0.36, p=0.30).  

Unvaccinated Omicron  [25] 

1 or 2 3 months Pre-
infection 

Among Omicron cases, those 
vaccinated with 1 or 2 mRNA doses 
pre-infection had a significantly 
higher mean number of PASC 
symptoms compared to those 
unvaccinated (mean 0.71 vs. 0.36, 
p=0.028). 

Unvaccinated Omicron  [25] 
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Appendix  
 
Appendix 1: PRISMA Flow Chart  

Figure 1. PRISMA flow chart for PASC published literature and preprints.  

 

 

 

 



https://www.bmj.com/content/377/bmj-2021-069676
https://www.ijidonline.com/article/S1201-9712(22)00676-2/fulltext


Spiliopoulos 
[23] 

Among Omicron cases, 3 
mRNA doses pre-infection was 
associated with a 18% lower 
score on the depression scale 
HADS-D (IRR 0.82, 95%CI 
0.77-0.88); 16% lower score on 
the anxiety scale HADS-A (IRR 
0.84, 95%CI 0.80-0.89); 5% 
lower score on the fatigue scale 
FAS (IRR 0.95, 95%CI 0.93-

https://www.medrxiv.org/content/10.1101/2022.10.12.22280990v2
https://www.ijidonline.com/article/S1201-9712(22)00596-3/fulltext


Appendix 3: Eligible PASC Outcome Domains  

The following outcomes in each domain were taken directly from Table S4 in Supplementary Appendix 1 
of the core outcome set for PASC [2].  

Outcome Domain  Outcomes  
Respiratory functioning, symptoms and 
conditions  
 

Sore throat 
Sneezing 
New-onset Chronic obstructive pulmonary disease (COPD) 
Excessive sputum expectoration 
Nasal congestion 
Catarrh 
Wheezing 
Cough 
Lung fibrosis 
Pleurisy 
Pleural effusion 
Pain on breathing 
Pulmonary function abnormalities 
Hypoxaemia 
Respiratory failure 
Respiratory disease 
Bronchiectasis 
Asthma 

Fatigue or exhaustion  
Pain  

Nervous system functioning, symptoms 
and conditions 

Dizziness 
Headache 
Stroke 
Autonomic dysfunction 
Tremors 
Seizures 



Mood change 
Obsessive-Compulsive Disorder (OCD) 
Behaviour change 
Thoughts of self-harm/suicide 
Risk to self and/or others 
Psychosis 
Traumatic bereavement 
Substance abuse 
Smoking habit 
Hallucinations 

Cardiovascular functioning, symptoms 
and conditions 

Angina pectoris 
Acute coronary disease 
Heart rhythm issues 
Heart failure 
Palpitations 
Chest tightness 
Newly diagnosed hypertension 
Myocardial fibrosis 
Myo- or pericarditis 
Changes in cardiovascular fitness 
Signal variations in the Electrocardiogram (ECG) 
High blood pressure 

  



Appendix 4: Study Characteristics   

First 
Author  

Peer 
Review 
Status  

Country  Funding  
(public, 
private , 
combined)  

Study 
Design  

https://www.medrxiv.org/content/10.1101/2023.01.03.22284043v1.full
https://www.medrxiv.org/content/10.1101/2022.10.12.22280990v2
https://www.medrxiv.org/content/10.1101/2022.10.12.22280990v2
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0271385
https://www.ijidonline.com/article/S1201-9712(22)00596-3/fulltext
https://www.ijidonline.com/article/S1201-9712(22)00676-2/fulltext
https://www.medrxiv.org/content/10.1101/2022.09.25.22280333v1.full
https://www.medrxiv.org/content/10.1101/2022.10.21.22281349v1
https://academic.oup.com/ofid/article/9/9/ofac464/6696170?login=false
https://academic.oup.com/ofid/article/9/9/ofac464/6696170?login=false


 

  

unvaccinat
ed 

Ayoubkh
ani [13] 

Publish
ed 

UK Combined Prospe
ctive 
cohort 
(interru
pted 
time 
series 
analysi
s)  

General 
population 

Feb 
2021- 
Sep 
2021 

Median 67 
days (IQR 
20-99) 
after 
second 
dose, 
median 
267 days 
(IQR 219-
431) after 
COVID 
infection 

mRNA, 
ChAd 

28,356 NR Mean(SD)= 
45.9 (13.6) 

Odds Ratio 
(OR) 

Serious 
risk 

Taquet 
[15] 

Publish
ed 

USA Combined Retrosp
ective 
cohort 

General 
population 

Jan 
2021 - 
Aug 
2021 

6 months BNT, 
Moderna, 
Ad26 

18958 9479 Mean(SD)= 
57.0 (17.9)  

Hazard 
Ratio (HR) 

Serious 
risk 

Brannoc
k [19] 

Preprint USA NR Retrosp
ective 
cohort 

General 
population 

Aug 
2021 - 
Jan 
2022 

120-300 
days after 
infection 

mRNA, 
viral 
vector 
vaccine 

47752 26567 Mean= 
48.17 

Odds Ratio 
(OR) and 
Hazard 
Ratio (HR). 
The OR was 
used to 
calculate 
VE. 

Serious 
risk 

Ioannou 
[16] 

Publish
ed 

USA Public Retrosp
ective 
cohort 

Veterans Feb 
2020 - 
Dec 
2021 

8 to 12 
months 
after 
COVID 
infection 

BNT, 
Moderna 

198,60
1 

2447 (3.6%) Mean(SD) = 
60.4 (17.7) 

Odds Ratio 
(OR) 

Serious 
risk 

Al-Aly 
[14] 

Publish
ed 

USA Combined Retrosp
ective 
cohort 

Veterans Jan 
2021- 
Oct 
2021 

6 months BNT, 
Moderna, 
Ad26 

13,369,
073 

33940 Mean = 
66.63 

Hazard 
Ratio (HR) 

Serious 
risk 

Patel 
[22] 

Publish
ed 

USA 

  

https://www.bmj.com/content/377/bmj-2021-069676
https://www.bmj.com/content/377/bmj-2021-069676
https://www.sciencedirect.com/science/article/pii/S0889159122001118?via%3Dihub
https://www.medrxiv.org/content/10.1101/2022.10.06.22280795v1
https://www.medrxiv.org/content/10.1101/2022.10.06.22280795v1
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2794788
https://www.nature.com/articles/s41591-022-01840-0#Abs1
https://ard.bmj.com/content/early/2022/11/27/ard-2022-223439


Appendix 5. Critical Appraisal Process for Studies on Vaccination and PASC Outcomes  
   

 ROBINS-I Domain    



Not reported/estimated vaccine coverage = critical  

ROBINS-I: Bias due to confounding  
 
Accounting for non -immune period following vaccination (first 14 days after 2 nd dose and first 7 
days after  any booster dose) *only applicable to those infected after vaccination  
Clearly stated that infection occurred beyond non-immune period for last dose of vaccine = low   

No clear statement about timing of infection post vaccination but at least 2 doses of vaccine administered 
= moderate  

No statement about timing of infection post vaccination and only 1 dose of vaccine administered = 
serious  

Accounting for calendar time    
Use of time-varying statistics without explicit mention of adjustment for calendar time (e.g. results 
stratified by dominant variant wave) = moderate



Vaccinated and unvaccinated not tested at time of PASC assessment = serious  

One group systematically tested for COVID and the other is not, or participants found to be positive with 
COVID at time of PASC assessment = critical  

ROBINS-I: Bias due to missing data  
 
Missing data in vaccinated vs. unvaccinated   
Outcome data is available for all/nearly all participants (e.g. 90-95%); or the proportion of missing 
participants in vaccinated vs. unvaccinated groups is similar, and reasons for missing participants are 
similar = low  

Proportion of missing participants in vaccinated vs. unvaccinated groups differs substantially, or reasons 
for missing differ substantially; and missing data was not sufficiently addressed through analysis = 
serious  

Missing data was not/could not be addressed through analysis = critical  

ROBINS-I: Bias in selection of the reported result  
 
Discrepancies in methods vs. results sections   
All measurements for a PASC outcome described in the methods are reported in results; all analyses of 
the vaccination-PASC relationship (e.g. unadjusted and adjusted models) described in the methods are 
reported in results; and all subgroups described in the methods are reported in results = low   

PASC outcomes are defined in different ways in the methods and results sections; or not all analyses of 
the vaccination-PASC relationship described in methods are reported in results; or not all subgroups 
described in methods are reported in results = serious   

Analyses of the vaccination-PASC relationship described in methods but not reported in results are likely 
to produce substantially different estimates from the reported estimates = critical  
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