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16 December 2021 

The data in this review is from before the emergence of the Omicron Variant of Concern, 
which has been associated with a reduction of both post-infection immune protection and 
vaccine immune protection. The findings of this review do not apply in an Omicron 
dominant setting and will be updated once data is available. 

Additionally, in this review, "post infection immunity" refers only to formal laboratory 
documented infection, not clinically suspected COVID-19. 
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Summary for Members of the Public 

Background 

 COVID-19 vaccines are safe and effective for preventing COVID-19 symptoms and 
severe outcomes from the disease.  

 Over 300 000 Albertans have recovered from a documented COVID-19 infection. 
There is evidence that previous infection provides some immunity to COVID-19, but 
it is unclear how long protection lasts after either infection or vaccination. 

 The goal of the COVID-19 immunization program in Alberta is to reduce both 
COVID-19 infections and severe outcomes from the disease. As a substantial 
number of Albertans having recovered from COVID-19, it is important to understand 
how best to vaccinate this population.  

 Some jurisdictions suggest a single dose of COVID-19 vaccine following infection, 
while others recommend the complete two-dose series. There are different 
recommendations for when to give COVID-19 vaccine after COVID-19 infection as 
well, ranging from right after recovery to more than 6 months after infection.  

 This review summarizes evidence on the effectiveness of one rather than two doses 
of COVID-19 vaccine following documented COVID-19 infection, and evidence 
around the timing of COVID-19 vaccination post-infection to provide guidance to 
public health officials. 

Key Findings 

 There are not many real world reports of the effectiveness of one dose after infection 
yet. A preprint study from Israel found that one dose of vaccine following infection 
provided better protection compared to no doses after infection, and compares well 
to two doses in people who hadn’t been infected. Other smaller studies also suggest 
that one dose of vaccine following infection offers similar protection to two doses in 
uninfected people but the studies didn’t include large numbers of people and they 
weren’t followed for long.  

 Many studies of the immune response to infection and vaccination were reviewed 
and all show that single dose of COVID-19 vaccine boosts post infection antibodies 
to a level comparable to two doses of vaccine in uninfected people. However, it is 
not yet fully known how well lab studies of immune response translate into real world 
effectiveness. 

16 December 2021 

The data in this review is from before the emergence of the Omicron Variant of Concern, 
which has been associated with a reduction of both post-infection immune protection and 
vaccine immune protection. The findings of this review do not apply in an Omicron 
dominant setting and will be updated once data is available. 

Additionally, in this review, "post infection immunity" refers only to formal laboratory 
documented infection, not clinically suspected COVID-19. 
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 People with advanced age, compromised immune systems and chronic medical 
conditions may be more likely to have a low antibody response after either infection 
or vaccination, there is not much known about the response to one vaccine dose 
after COVID-19 infection in these high risk groups.  

 Only two small studies looked at how long to wait to vaccinate after infection, 
including gaps from 2-10 months between infection to vaccination. These suggest a 
longer duration may be better in terms of immune response (there was no data 
looking at vaccination earlier, within 2 months after infection). Experience from 
immune responses to first (prime) and second (boost) dose vaccines suggest an 
interval of 8-12 weeks may result in a better immune response, and one of the two 
studies that we reviewed supports this. 

 People who have been infected may have slightly higher rates of non-severe side 
effects after a first dose of vaccine (reactogenicity) but there were no reports of 
increased severe adverse events (including myocarditis) after vaccination of 
previously infected people found. Worldwide there have been many previously 
infected people (who may not have been tested positive) vaccinated without 
noticeable problems. 

 
Recommendations and Guidance for consideration: 

 In people with prior documented COVID-19 infection who do not have risk factors for 
a poor antibody response (such as advanced age, specific medical conditions and 
immunocompromise, etc.), a single dose of COVID-19 vaccine can be considered an 
acceptable equivalent to a two-dose initial series in uninfected individuals.  

 Booster doses may be required after any initial series (post infection single vaccine 
dose, or two vaccine doses in those without prior infection) based on evidence of 
decreasing immune protection in specific groups of people at risk, or on decreased 
vaccine effectiveness across a population, related to changes in circulating virus 
strains or time from initial vaccination. 

 There is not enough evidence to recommend a specific optimal interval between 
infection and vaccination. Practical guidance, based on current antibody studies, 
vaccine effectiveness data and limited reinfection, supports vaccination a minimum 
of 8 weeks after COVID-19 infection for patients that will be able to attend for a later 
vaccination, rather than immediately offering vaccination upon recovery from the 
initial COVID-19 symptoms. Reinfection risk seems to start increasing from 6 months 
after infection, so vaccination from 2-6 months after infection may be preferred. For 
people infected 6-9 months ago, some studies suggest a single dose of vaccine 
would still be expected to boost their response and limited data suggest a good 
response up to 12 months post infection.  

 Knowledge in this area is growing and this review will need to be updated.  



5  
 

Last updated November 23, 2021 

 
 

Authorship and Committee Members 
 

Name Contribution 

David Kleinman Writing – original draft preparation 

Lynora Saxinger Primary scientific reviewer, cowriter 

Scott Klarenbach, Braden 
Manns, Rosana Salvaterra 

Secondary scientific reviewers 

Braden Manns & Scott 
Klarenbach 

Scientific Advisory Group chairs (oversight and 
leadership responsibility) 

John Conly, Alexander 
Doroshenko, Shelley Duggan, 
Grant Innes, Elizabeth MacKay, 
Rosana Salvaterra, Lynora 
Saxinger, Jeremy Slobodan, 
Brandie Walker, Nathan Zelyas 

Discussion, revision, and approval of document 

 

 

 

 

 

© 2021, Alberta Health Services, COVID-19 Scientific Advisory Group 

This copyright work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivative 4.0 
International license. You are free to copy and distribute the work including in other media and formats for 
non-commercial purposes, as long as you attribute the work to Alberta Health Services, do not adapt the 
work, and abide by the other licence terms. To view a copy of this licence, see 

https://creativecommons.org/licenses/by-nc-nd/4.0/. The licence does not apply to AHS trademarks, logos or content for which 
Alberta Health Services is not the copyright owner. Disclaimer: This material is intended for general information only and is provided 
on an "as is", "where is" basis. Although reasonable efforts were made to confirm the accuracy of the information, Alberta Health 
Services does not make any representation or warranty, express, implied or statutory, as to the accuracy, reliability, completeness, 
applicability or fitness for a particular purpose of such information. This material is not a substitute for the advice of a qualified health 
professional. Alberta Health Services expressly disclaims all liability for the use of these materials, and for any claims, actions, 
demands or suits arising from such use. 

  

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


6  
 

Last updated November 23, 2021 

This document summarizes the Public Health Agency of Canada report on 
protective immunity (August 13, 2021) and the National Collaborating Centre for 

Methods and Tools report on vaccine effectiveness in previously infected 
individuals (October 15, 2021), and develops key messages and 

recommendations grounded in the Alberta healthcare system context. 

Topic: Immunization after COVID-19 infection  

1. Does post-infective immunity AND one dose of a COVID-19 vaccine provide 
comparable/equivalent protection to two doses of a COVID-19 vaccine? 

2. Is there any evidence to suggest an optimal time interval between recovery 
from active infection and immunization? 

Context 

 Three COVID-19 vaccines (Spikevax/mRNA-1273/Moderna), 
Comirnaty/BNT162b2/Pfizer), and Vaxzevria/ChAdOx1-S/AstraZeneca) have 
been fully approved for use by Health Canada as a two-dose series. Billions of 
doses of COVID-19 vaccine have been given around the world and have proven 
safe and effective at reducing both COVID-19 infections and the severe 
outcomes associated with COVID-19.  

 At the time of this review, over 300 000 Albertans have recovered from 
documented COVID-19 infection, with over 3000 having died. 

 Immunity to COVID-19 following infection appears to be relatively robust, 
reducing reinfection risk by over 80% through at least 6 months, with reinfection 
rates of under 1% in most studies(Sheehan et al., 2021). However, there may be 
a higher risk of reinfection with particular SARS-CoV-2 variants, including Delta, 
based on antibody studies(Cromer et al., 2021). 

 Some countries, such as France, Switzerland, Italy, and Germany consider 
immunocompetent people who have recovered from documented COVID-19 
infections fully immunized if they receive a single dose of COVID-19 vaccine, 
whereas others, such as most of Canada and the United States, currently 
recommend two doses for this population (Quebec currently recommends a 
single dose following infection). 

 The European Union Digital COVID Certificate allows travel for people with a 
single mRNA vaccine dose and a positive test within the previous 6 months. 

 In the UK people with a positive PCR test can obtain an NHS COVID pass up 
until 180 days after infection.  

 Recommendations for the timing of administration of the COVID-19 vaccine 
following infection varies; for example, Italy recommends the vaccine be given 
within 6 months of recovery from COVID-19 infection, Germany recommends 
vaccination after at least 6 months have elapsed since recovery, and the UK 
suggests 1 month minimum. Currently, in Alberta, COVID-19 vaccination is 
recommended at any time after recovery from COVID-19 infection; however, 
vaccination is delayed in recipients of antiviral monoclonal antibodies (REGEN-
COV or sotrovimab). 

https://www.has-sante.fr/jcms/p_3269831/fr/covid-19-des-trod-pour-optimiser-l-utilisation-des-doses-de-vaccins-disponibles
https://www.ge.ch/en/covid-19-certificate/scope-covid-certificate
https://www.aifa.gov.it/en/domande-e-risposte-su-vaccini-covid-19
https://www.rki.de/SharedDocs/FAQ/COVID-Impfen/gesamt.html
https://www.canada.ca/en/public-health/services/immunization/national-advisory-committee-on-immunization-naci/recommendations-use-covid-19-vaccines.html
https://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/covid-19.html
https://ec.europa.eu/info/live-work-travel-eu/coronavirus-response/safe-covid-19-vaccines-europeans/eu-digital-covid-certificate_en
https://ec.europa.eu/commission/presscorner/detail/en/QANDA_21_2781
https://www.gov.uk/guidance/nhs-covid-pass#who-can-get-an-nhs-covid-pass-in-england
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 Given this significant proportion of Albertans with documented past COVID-19 
infection, understanding the risk of reinfection prior to vaccination, whether a 
second vaccine dose is beneficial and required, and the optimal timing of post 
infection vaccination is crucial. 

 The relative incidence of vaccine reactogenicity (side effects) and vaccine related 
adverse events between first and second doses, and in previously infected or 
uninfected people has not been well described.  

 This review is intended to support public health decisions related to Alberta’s 
vaccine schedule. Given the short timeline for this request, this report is 
predominantly a synthesis of the evidence contained in two Canadian rapid 
reviews on closely related topics, along with a pragmatic search of the literature 
for additional evidence that directly informed the specific questions.  

Key Messages for Alberta  

Does post-infective immunity AND one dose of a COVID-19 vaccine provide 
comparable/equivalent protection to two doses of a COVID-19 vaccine? 

 Available evidence comes from two main types of research: observational 
studies in cohorts where prior infection was documented, and laboratory studies 
of immune responses after infection and/or vaccination. Overall, observational 
data suggests that the immunity from documented COVID-19 infection followed 
by a single dose of COVID-19 vaccine appears to provide protection from both 
COVID-19 infection and severe disease which is similar to two doses of vaccine 
in previously uninfected people, and is better than post infection immunity without 
vaccination.  

 The evidence is limited by relatively small numbers of participants, methodologic 
issues, or comparisons that do not directly address our question/our population in 
Alberta, given the extended second dose interval employed here.  

 Immunologic studies report a variety of antibody and cellular immunity outcomes, 
but we do not currently have validated “cut off” values of immunologic 
parameters that correlate with protection from infection, though studies are 
ongoing. However, within-study comparisons consistently show that show post-
infection status (laboratory documented) with one vaccine dose compares very 
favourably to a two dose series in people without documented infection across all 
measured immunologic responses. In real world effectiveness assessment, one 
preprint observational matched cohort study (Gazit et al., 2021) showed that in 
previously infected individuals, a single dose of mRNA vaccine increased 
protection against Delta reinfection compared to remaining unvaccinated post 
infection and to 2 doses in people without previous documented infection.  

 However, some people have risk factors for a less protective antibody response 
after COVID-19 infection or vaccination, based on population based post 
infection antibody studies as well as observed groups at higher risk groups of 
breakthrough infection after vaccination, including advanced age, certain medical 
conditions and significant immunocompromise. These groups would be 
recommended for a two dose initial series.   
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 In total the current evidence suggests that in people who do not have these risk 
factors, post-infection status AND one dose of a COVID-19 vaccine likely 
provides comparable protection to two doses of a COVID-19 vaccine.  

 These data are evolving and will need to be followed. 
 
Is there any evidence to suggest an optimal dose interval from recovery to 
immunization? 

 There is insufficient evidence to recommend an optimal dose interval from 
recovery to immunization. The infection-dose 1 intervals reported in reviewed 
studies span 2 months to 10 months, with no data found on shorter intervals.  

 Theoretic considerations include the observation that more than 7 weeks 
between dose 1 and dose 2 of COVID-19 mRNA vaccines is associated with 
higher vaccine effectiveness (Skowronski et al., 2021) consistent with prime-
boost data from other vaccines as well, with intervals of 11 weeks or longer 
resulting in higher Astra Zeneca vaccine efficacy (Voysey et al., 2021).  

 If one considers documented COVID-19 infection the “priming” exposure, 
delaying vaccination for at least 8 weeks could be preferred for COVID-19 
patients who do not have excess risk for loss to follow up for vaccination. This 
consideration is most relevant in the absence of circulating variants to which post 
infection immunity has been shown to be limited.  

 Currently, Delta reinfection of previously infected individuals appears to be 
unlikely within the first 6 months after infection, so deferring vaccination until 8-12 
weeks post infection, and optimally administering it within 6 months appears a 
reasonable strategy to minimized reinfection risk and maximize effectiveness. It 
is noted that regardless of the interval, previously infected participants appear to 
develop robust immune responses following vaccination in studies that report 
vaccination at 2-10 months after infection. 

 Data on adverse events after vaccination of previously infected persons is 
inconsistently reported but is in general consistent with adverse events in 
uninfected persons. There is some suggestion that people who have been 
infected may have slightly higher rates of side effects after initial immunization 
(reactogenicity) but there are no reports of increased severe adverse events, and 
worldwide there have been many previously infected people (both documented 
and undocumented) vaccinated without noticeable problems. 

 No data on the incidence of myocarditis in previously infected people after one or 
two doses of COVID-19 vaccination was found. Overall, the risk of myocarditis is 
higher in COVID-19 infection than post vaccination, and as with other causes of 
myocarditis, the highest risk in seen younger males. There is a higher risk 
associated with dose 2 of vaccine, and there is no reported data yet in younger 
children although the risk in 5-12 year old is not expected to be elevated as this 
group usually does not have a higher risk of post infection or immune mediated 
myocarditis  
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Research Gaps 

 Only a single preprint study directly addressed the real-world effectiveness of a 
single dose of COVID-19 vaccine following COVID-19 infection.  

 Studies addressing the long-term immunogenicity of a single dose of COVID-19 
19 vaccine following COVID-19 infection were not identified, due to pandemic 
timelines.  

 Few studies examined the effect of the time interval between infection and 
immunization on immunogenicity and vaccine side effects, and those that did had 
small numbers and nonstandard intervals in the assessments.  

 No studies examined the impact of the interval between recovery from COVID-19 
infection and immunization on real world vaccine effectiveness. 

 Studies examining effectiveness of two doses of COVID-19 vaccine (in 
previously uninfected and survivors) predominantly used the dose interval initially 
used in the clinical trials, which does not apply to Canada in which much of the 
population received a vaccine series with an extended dose interval.  

 The strategy of a primary series consisting of one dose of vaccine following 
previous documented COVID-19 infection, though supported in many 
jurisdictions, is based primarily on immunologic data. Further population based 
studies of the effectiveness and durability of one dose of vaccine following past 
infection would be useful. 

 A significant number of the publications reviewed, comprising both 
immunogenicity and efficacy studies are preprints lacking peer review. The 
contents of these studies may change after peer review  

Limitations of this review 
- This report is predominantly a synthesis of the evidence contained in two 

relevant Canadian rapid reviews. The specific questions addressed in this topic 
are somewhat distinct from those asked in the reviews so not all references 
pertained to our topic, so a pragmatic search of the literature for additional 
evidence was also conducted. 

- The additional studies were identified through a topic-based search strategies 
including grey literature and forward snowballing approaches rather than a 
systematic librarian search, and the rapid turnaround time of this report 
introduced time constraints. 

- Observational effectiveness studies can be powerful with the ability to include 
large numbers of participants but can have between group differences that bias 
results in unpredictable ways. 

Committee Discussion 
There was general agreement that the available clinical data and the consistency of the 
immunologic data, as well as experience in other jurisdictions, presently support 
accepting a single dose of vaccine after infection as a complete initial series, with 
documented infection as the “prime” and vaccination as a “boost”. It was recognized 
that messaging needs to include the evidence that vaccination after infection confers 
additional protective benefit against reinfection based on both immunologic data and 
clinical data.  
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Uncertainty around the longevity of the immune response after complete vaccination, 
after infection plus 1 or doses, and after infection alone was acknowledged so a 
commitment to following evolving data was highlighted, particularly in high risk 
populations or with emergence of VOCs to which vaccines may be less effective.  

There was discussion of the practice of giving a vaccine dose soon after recovery while 
people are still engaged in care and it was agreed that for individuals who have a higher 
risk of loss to followup, the theoretical immunologic benefits of delating the boost for 2-3 
months could be outweighed by the risk of not being able to vaccinate, so discretionary 
guidance was provided.  

Recommendations for Consideration in Alberta 
Recommendation 1: In the absence of risk factors for a poor antibody response (eg. 
advanced age, medical conditions and immunocompromised) a single dose of COVID-
19 mRNA vaccine in people with prior documented COVID-19 infection may be 
accepted as offering comparable protection against reinfection to a two dose series in 
previously non-infected individuals. 
Rationale: In people with previous lab documented COVID-19 infection, substantial 
immunologic evidence shows a strong first dose response, with more limited but 
consistent clinical data showing a similar (if not higher) benefit of single dose 
vaccination in this group in a Delta dominant setting over the timelines reported, 
compared with a two-dose series in uninfected individuals.  
 
Recommendation 2. Booster dose planning (for additional dose(s) among those who 
received an initial 2 dose series or equivalent) should be based on: 

1) regular assessment of clinical outcomes (including infection, hospitalization, 
and death) in all immunized patients (including those who may have a poor 
antibody response) in Alberta and other jurisdictions 
2) Periodic assessment of primary scientific literature review (updating this 
report)  
3) Review of interim vaccine effectiveness reports from jurisdictions in which one 
dose has been recommended for the previously infected, including Quebec, 
France, and Germany. 

Rationale: the clinical data is evolving and there is a possibility of increasing reinfection 
risk related to changes in circulating Variants of Concern or waning immunity in specific 
patient groups. Booster strategies can be considered if immunologic or epidemiologic 
data suggests possible increasing risk. 
 
Recommendation 3. Analysis of data on reinfection in Alberta (individuals testing SARS-
CoV-2 RT-PCR positive > 3 months apart) including the proportion with 1 or 2 dose 
immunization, with assessment of demographics, and outcomes is suggested as a 
baseline for future follow-up analysis. 

 

Practical Considerations 
Timing of immunization post infection: 

 There is not enough evidence to recommend a specific optimal interval between 
infection and vaccination, but current antibody studies, vaccine effectiveness data 
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and limited reinfection data supports vaccination a minimum of 8 weeks after 
COVID-19 infection for most patients, unless there is substantial risk of loss to 
follow-up, in which case administration after recovery from the acute infection may 
be considered.  

 There is insufficient evidence to inform a maximum acceptable delay in a boost 
vaccination dose. Reinfection risk appears to start increasing from 6 months after 
infection, so vaccination between 2-6 months after infection may be preferred. For 
unvaccinated people infected 6-9 months ago, immunologic studies suggest a single 
dose of vaccine appears to result in an effective measured immune response.with 
more limited data suggesting a potentially good response up to 12 months post 
infection  

 However, immunologic considerations that support a greater than 6 month duration 
between infection and vaccination need to be weighed against the current 
community-based risk of COVID-19, and the risk setting of the individual patient. 
Documentation of prior COVID-19 infection: Laboratory documentation of 
previous COVID-19 infection (ie positive RT-PCR or approved rapid antigen test) is 
required. Although many infections have not been documented with PCR testing, 
previous symptom history is not sufficiently accurate in identification of past 
infection. Validated serologic testing for prior infection may be a future consideration 
upon availability of provincial laboratory validated testing to identify prior infection. 

 Additional Dose eligibility: The group of people currently eligible for an additional 
vaccine dose on the basis of identified greater risks of insufficient immunity (related 
to medical or immunecompromised status) applies to those with post-infection 
immunity (eligible people should receive a third dose if non-infected, and a second 
dose if they have had previous documented infection).  

 

Summary of Evidence 
Approach: 

- This was designed as an umbrella review of two large national rapid reviews 
addressing similar, though distinct, questions from our own. The goal was to 
review the text of these reviews, along with their sources, to generate answers to 
our review questions. Additional resources were also identified by targeted 
searches. 

- The first, from the Public Health Agency of Canada (PHAC), focuses on the long-
term immune response following either infection or vaccination. Their two 
questions are: “Do antibodies to SARS-CoV-2 confer immunity against 
reinfection or breakthrough infection with SARS-CoV-2”, and “is there long-term 
protective immunity greater than 6 months post-infection or after full 
vaccination?” (Emerging Evidence on COVID-19 Rapid Review on Protective 
Immunity, Update 2, 2021) 

- The second rapid review, from the National Collaborating Centre for Methods 
and Tools (NCCMT), evaluated the effectiveness, immunogenicity, and safety of 
COVID-19 vaccines in people with a prior COVID-19 infection (Rapid Review 
Update 1: What Is the Ongoing Effectiveness, Immunogenicity, and Safety of 

https://www.nccmt.ca/covid-19/covid-19-rapid-evidence-service/36
https://www.nccmt.ca/covid-19/covid-19-rapid-evidence-service/36
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COVID-19 Vaccines in Persons Who Have Had a Prior, Confirmed COVID-19 
Infection, 2021). 

- Both reviews incorporated multiple relevant real world effectiveness studies 
along with studies of the immune response following infection and/or vaccination. 
These were reviewed individually through the lens of our questions. 

- Additional evidence: Additional studies that were not in the above reviews were 
identified by a pragmatic search of the literature and were reviewed separately. 
This includes effectiveness studies, notably including a preprint comparing post-
infection immunity to both full series vaccination in uninfected people and to post-
infection immunity followed by one dose of vaccine. Many immune response 
studies were found with this pragmatic search and were included to strengthen 
the conclusions of this review. 
  

Does post-infective immunity AND one dose of a COVID-19 vaccine 
provide comparable/equivalent protection to two doses of a COVID-19 
vaccine? 
Background: Immunologic studies, which most commonly use antibody levels, and 
effectiveness studies, which assess the reduction in observed infections, are both 
considered throughout this review. Immunologic studies allow timely comparisons but 
ultimately must be correlated with effectiveness data. For a variety of pathogens, 
neutralizing antibody is typically seen as one of the best correlates of effective 
immunity. A standardized immune correlate of protection against COVID-19 (antibody 
level cut off to be considered immune) is not available but studies showing high 
neutralizing or binding antibody titres are relevant, given evolving literature that show an 
association between antibody levels in vaccine studies to observed efficacy(Earle et al., 
2021). Furthermore, in an Israeli healthcare worker cohort study, breakthrough 
infections were correlated with lower neutralizing antibody levels (Bergwerk et al., 
2021). One such analysis suggested that protection against severe disease is 
maintained even with 6.5X lower antibody levels, suggesting reinfections will generally 
be milder (Khoury et al., 2021). However, immune responses vary by age, medical 
conditions, vaccine type, and responses after infection vary by disease severity with 
considerable individual variation (Milne et al., 2021). A variety of studies have shown 
antibody persistence lasting 8-12 months in patients with severe disease, with more 
variability in those with mild infection (potentially in a range of 5-6 months) and possibly 
more rapid loss of antibody in asymptomatic infection over 2-3 months based on limited 
data. As asymptomatic or mild infection is generally more likely to be undocumented, 
these data further support relying on documentation of infection. In this review few 
studies evaluated cell mediated immune memory; these may outlast antibody 
responses after infection or vaccination. Community based studies in Qatar (Abu-
Raddad, Chemaitelly, Coyle, et al., 2021) and Denmark(Hansen et al., 2021) do not 
show increased risk of reinfection after COVID-19 infection over 7 months. 

Evidence from PHAC Rapid Review on Protective Immunity 
Real World Effectiveness 
No studies identified in this review directly assessed the real-world effectiveness of one 
dose of COVID-19 vaccine in people previously infected with COVID-19, either in 
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comparison to full vaccination in uninfected individuals or on its own as it predated the 
additional references we identified. One study included a group predominantly 
composed of previously infected individuals who received one dose of vaccine, and 
sporadic infections after one dose of vaccination following infection are reported in 
various cohorts, but without appropriate comparator groups.  

One observational study of healthcare workers in the United Kingdom (Lumley et al., 
2021) included the following groups: “Vaccinated twice, previously seronegative,” and 
“Vaccinated, previously seropositive.” The “Vaccinated, previously seropositive” group 
was predominantly single dose vaccinated, although full details were not available. Data 
from this study was reported until February 28th, 2021, during Alpha variant 
predominance. Participants received either Comirnaty or Vaxzevria. During this study, 
no symptomatic infections and two asymptomatic infections were identified among 940 
members of the “Vaccinated twice, previously seronegative” group, and one 
symptomatic infection and no asymptomatic infections were reported among 974 
members of the “Vaccinated, previously seropositive” group. Both seropositive and 1 or 
2 dose vaccinated groups were highly protected compared to the “unvaccinated, 
seronegative group.” With data collection ending on February 28th, 2021, long term 
immunity following vaccination could not be evaluated.  

The SIREN cohort, which prospectively follows 44546 HCW in the United Kingdom with 
PCR testing every two weeks for members of this cohort, identified 51 reinfections out 
of 9813 (~0.1%) previous infections between April and July 2021 (Public Health 
England, 2021). 44 infections occurred while the Delta VOC was prominent in the UK. 
95% of members of this cohort had been vaccinated, and 45(88%) of the infections 
occurred at least 21 days following the first vaccine dose. This report did not provide 
information on post-vaccine breakthrough infections, making any comparison between 
post-infection and post-vaccine immunity impossible, but supports a high level of overall 
immunity to the delta VOC following infection with a possible trend to increased 
effectiveness following additional vaccination. Another study, done in India when the 
Delta variant was predominant, identified only 2 infections in healthcare workers with 
both a previous infection and a single dose of the Vaxzevria vaccine (Kale et al., 2021); 
though comparisons with other groups is difficult. Another study examined reinfection 
and breakthrough infections in a cohort of 3395 COVID-19 recovered individuals in Italy. 
Two reinfections were identified in 2723 (0.1%) of previously infected individuals (7 and 
12 months after infection), at an estimated risk of 1.1 per 1000 person-years (Massimo 
et al., 2021). 

Immune Response Studies 
This review identified many studies measuring the humoral immune response following 
administration of a single dose of COVID-19 vaccine to previously infected individuals, 
most of which resulted in a robust immune response.  

One French cohort examined antibody response and infection risk in health care 
workers(Gallais et al., 2021). Though there were not enough participants to calculate 
efficacy of the one dose post-infection, anti S IgG measurements of one dose following 
infection (including Comirnaty, Spikevax, and Vaxzevria) had a similar humoral 
response as two dose vaccination with high post vaccination titres persisting for at least 
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100 days post-vaccine at the time of report. In an Italian cohort, 54 healthcare workers 
received one or two doses of Comirnaty, Spikevax, or Vaxzevria following infection; all 
had increased neutralizing antibody levels with vaccination, and there was no 
association between neutralizing antibody levels and number of doses of vaccine in this 
population(Massimo et al., 2021).  

Three additional studies examined the humoral immune response to vaccination and 
included measurements after a single dose following infection(Cagigi et al., 2021; 
Sarkar et al., 2021; Shields et al., 2021). These studies measured quantitative IgG to 
either spike protein or to the receptor binding domain and showed rapid, effective 
boosting of the IgG response after previously infected individuals received a single 
dose. One of these studies included a second dose (Cagigi et al., 2021) and showed 
that the second dose did not increase IgG and IgA to spike protein and that vaccination 
resulted in a durable antibody response up until 6 months post vaccination. 

A cohort study of 300 healthcare workers in Spain assessed antibody concentrations 
following remote moderate-severe infection, and showed high seropositivity in 
vaccinated and unvaccinated HCW, with sustained seropositivity in 76.8% overall along 
with persistent neutralizing antibody titers throughout the cohort(Varona et al., 2021).  

Evidence from NCCMT Rapid Review on COVID-19 Vaccination in previously infected 
individuals 
Real World Effectiveness 
In this synthesis, three studies were identified that compared either a 2 dose series with 
or without previous infection, or compared full vaccination to previous infection without 
vaccination. A comparison of nursing home residents fully vaccinated with Comirnaty 
showed additional protection of previous infection to 2 dose vaccination alone in Delta 
variant outbreaks which both occurred in July-August 2021. In this cohort, 1/44 (0.1%) 
previously infected/vaccinated residents and 55/96 (57%) previously 
uninfected/vaccinated tested positive. The severity of these infections was not 
reported(Blain et al., 2021).  

A large national retrospective matched cohort study in Qatar, in which either the 
Comirnaty or Spikevax vaccines were administered at a 3-4 week interval, revealed that 
previous infection was associated with numerically greater effectiveness of Comirnaty 
vaccine and no significant difference in Spikevax effectiveness Abu-Raddadet al., 
2021). The incidence of infection overall low, at 0.06% in vaccinated/infected and 0.08% 
in vaccinated/uninfected. At the time, the alpha and beta variants were predominant. 
Though this study is relatively robust given that it included a national cohort, its 
weakness is that the outcome was defined only by SARS-COV2 test positivity, and did 
not allow for an examination of either symptomatic or severe disease.  

One preprint study from the Cleveland Clinic examined a cohort of approximately 
50,000 healthcare workers, comparing immunized/infected, non-immunized/infected, 
immunized/uninfected, and unimmunized/uninfected groups(Shrestha et al., 2021). All 
immunized individuals received two doses of mRNA vaccine, and comparisons were 
pre-delta when a variety of variants were circulating. Over 5 months, they found no 
infections in any previously infected individuals regardless of vaccination status, with 15 
breakthrough infections (0.5%) in the 28,555 person immunized uninfected cohort 
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(Shrestha et al., 2021). Another study, a preprint prospective cohort analysis in 
employees enrolled in the Kaiser Permanente Health System, included a comparison 
between previously infected, unvaccinated and previously infected, Moderna vaccinated 
individuals, at a time when a variety of variants were present in California (Bruxvoort et 
al., 2021). Previously infected individuals had low infection rates overall, with 
vaccination possibly providing an additional 33.6% efficacy in patients with past lab 
diagnosed infection and 8.2% efficacy in patients with past asymptomatic COVID-19 
infection. These differences were not statistically significant, due to a similar number of 
infections in both comparison groups.  

Unfortunately, as these studies looked at previously infected individuals with two doses 
of vaccine or with no vaccine, it is difficult to draw conclusions about the effectiveness of 
a single dose of vaccine after infection, although benefit from vaccination was shown. 

Immune Response Studies 
In the NCCMT review 13 studies, examining the immune response in 12 cohorts, were 
reported(Rapid Review Update 1: What Is the Ongoing Effectiveness, Immunogenicity, 
and Safety of COVID-19 Vaccines in Persons Who Have Had a Prior, Confirmed 
COVID-19 Infection, 2021). These studies compared the humoral immune responses 
following vaccination with and without prior infection, with 9 studies reporting humoral 
responses after dose 1. In all these studies, the antibody response (variably examined 
as the anti-spike, anti-receptor binding domain or the neutralizing antibody response) 
was higher following the first dose of vaccine in previously infected individuals than it 
was following two doses of vaccine in unimmunized individuals. Furthermore, in these 
studies, administration of the second dose of vaccine had little effect on the humoral 
immune response in previously infected individuals. 

Given that all the immune response studies included in this review administered the 
two-dose series to all participants, the long-term immune response from one dose of 
vaccine following previous infection could not be evaluated. However the one dose titres 
exceeded post infection titers, suggesting that the durability of the one dose response 
may be similar or better to that seen after infection.  

This NCCMT review sought to compare the immune response to full dose vaccination in 
previously infected individuals to previously uninfected individuals. These 13 
immunologic studies compared fully vaccinated, previously infected individuals to fully 
vaccinated, previously uninfected individuals. All 13 studies, with a duration of follow up 
lasting up to six months, demonstrated a higher peak humoral immune response with a 
slower decline following full vaccination in previously infected individuals. 

Additional Evidence from Targeted Searches 
Effectiveness Studies 

One study not included in these reviews is a preprint Israeli analysis of organizational 
electronic health records for 2.5 million individuals, where vaccinated individuals 
received Pfizer vaccines at a 3 week interval (Gazit et al., 2021). It involved a series of 
matched cohort analyses, with matching of age, gender, and comorbidities, with the 
following comparisons: 1) immunized/uninfected versus unimmunized/infected matched 
by date of previous infection of vaccination, 2) Same comparison not matched by date 
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of previous infection or vaccination, 3) Comparison of unimmunized/infected and single 
dose administered 3+ months after infection. This study compared PCR positive test 
results, symptomatic infections, and hospitalizations taking place between June 1, 2021, 
and August 14, 2021, when the delta variant predominated in Israel. In the first 
comparison, 238/16215 (1.5%) of vaccinated versus 19/16215 (0.1%) of previously 
infected had a subsequent positive PCR test, with a 13-fold higher risk of positive PCR 
test, a 27-fold higher risk of a symptomatic infection, and 8 admissions in the vaccinated 
group compared with one in the previously infected group. The most relevant cohort to 
our question compared previously infected individuals with and without a single vaccine 
dose, showing 20/14029 (0.15%) vaccinated versus 37/14029 (0.26%) unvaccinated 
with positive RT-PCR tests, along with a trend towards decreased symptomatic infection 
in single dose vaccinated group.  

This study has several strengths, in that it is a large-scale study whose groups are well 
matched with respect to age comorbidities. Several limitations make the results of this 
study difficult to generalize, particularly between the vaccinated uninfected group and 
the previously infected group. The matching process generated a younger than average 
adult cohort at 36, and in addition cohort enrollees had to be fully vaccinated by 
February 28th so these young, vaccinated people may have been prioritized due to 
higher risk of developing infection, for reasons not necessarily captured by comorbidity 
matching (such as working in health care). Test seeking may have differed between 
vaccinated and unvaccinated groups. Finally, the initial schedule was a 3-week interval, 
which was seldom used in Canada. Overall, although the infection rate in previously 
infected individuals was very low, one dose of vaccine seems to provide additional 
protection (0.11% absolute difference, 42% reduction) to post infection immunity. 

Data from the SIREN cohort in the UK (Hall et al., 2021) also looked at the real-world 
efficacy of one or two doses of the Pfizer vaccine in 23,324 health care workers, 
including both previously infected and uninfected individuals. The study reports 
infections between December 7, 2020, and February 8, 2021, during an alpha variant 
wave and a vaccination rollout. PCR testing was performed every two weeks; the 
overall number of documented infections was very small across all fully vaccinated and 
previously infected groups (977 infections in unvaccinated cohort and 71 in the partially 
or fully vaccinated cohort with infection incidence rates per 10,000 person days lowest 
in seropositive with previous infection group with no vaccine, one dose, two doses 
respectively at 3, 2, 2, and significantly higher in the previously uninfected groups with 
incidence rates per 10,000 with no vaccine, one dose, two doses respectively at 
20,11,5. This is a large surveillance cohort with 1057 confirmed positive PCR tests 
during the follow up period. Limitations include a lack of long-term data, with a cut of 
date of analysis during the vaccination rollout, and an outcome measure of PCR 
positivity, which is less clinically meaningful than symptomatic infection. However, 
despite the limitations of this study, one dose of Pfizer vaccine post infection appeared 
to confer similar protection to 2 doses in an uninfected group.  

Other studies did not directly review the single vaccine dose post infection strategy but 
evaluated both vaccine induced and post-infection immunity in a variety of ways. One 
case control study included all Kentucky residents infected with laboratory confirmed 
COVID-19 between March and December 2020, comparing the rate of infection 
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between vaccinated and unvaccinated individuals(Cavanaugh et al., 2021), and found 
that unvaccinated individuals were 2.34 times more likely to develop reinfection (defined 
by PCR or antigen positivity between May 1 – June 30, 2021) than vaccinated 
individuals. Another study, comparing patients hospitalized with COVID-19 like illness in 
nine US states, found that the adjusted odds ratio that unvaccinated previously infected 
people had a positive PCR for COVID-19 compared to vaccinated uninfected people 
was 5.49, indicating vaccines provide superior protection against severe outcomes 
compared to previous infection(Cavanaugh et al., 2021). Limitations to this study 
include the study population, which does not directly compare the general previously 
infected vs vaccinated populations, possibly bias by only including hospitalized patients 
with a COVID-19 test within the 14 days prior to hospitalization, and the magnitude of 
the effect that the multivariate adjustment had on the outcome measure (adjusting the 
odds ratio from 1.7 to 5.49). 

Furthermore, a large, national, cohort study compared infection rates in previously 
infected and uninfected two dose mRNA vaccinated individuals in Qatar from December 
21, 2020 to September 19, 2021 (Abu-Raddad, Chemaitelly, Ayoub, Yassine, 
Benslimane, al Khatib, et al., 2021); this study is an updated version of the preprint 
reviewed by the NCCMT by the same first author. This study found statistically 
significant increased protection from previous infection in individuals who received 
either Comirnaty or Spikevax, though low infection rates were reported in all groups 
(Abu-Raddad., 2021). For Comirnaty recipients, infection incidence rate was 1.00 per 
10000 person weeks in previously infected individuals compared with 5.40 in previously 
individuals For Spikevax recipients, infection incidence rates were 0.83 per 10000 
person weeks in previously infected individuals, compared with 1.83 in previously 
uninfected individuals (Abu-Raddadet al., 2021).  

Limited data exists on post-infection immunity and vaccine immunity in children under 
12. The phase 3 trial for the Pfizer/biontech vaccine in children 5-11 (Non-FDA, 2021), 
had 3 infections in the vaccinated group (1517 members), and 16 in the unvaccinated 
group (751 members), showing vaccine efficacy of 90.7%. No previously infected 
patient in either group developed COVID-19 infection (198 members across both 
groups); however, the small number of infections in vaccinated children and the small 
numbers of previously infected children make it difficult to effectively compare immunity 
between the two groups. 

Immune Response Studies  

An additional 35 studies were found that, in part, examined the immune response 
following one dose of vaccination in previously infected individuals. Of these, 33 
examined humoral immunity to the SARS-CoV2 spike protein or to the receptor binding 
domain (Angyal et al., 2021; Anichini et al., 2021; Appelman et al., 2021; Buonfrate et 
al., 2021; Casado et al., 2021; Chan et al., 2021; Ciccone et al., 2021; Demonbreun et 
al., 2021; Ebinger et al., 2021; Eyre et al., 2021; Forgacs et al., 2021; Fraley et al., 
2021; Glück et al., 2021; Hirotsu et al., 2021; Jahrsdörfer et al., 2021; Kontopoulou et 
al., 2021; Krammer et al., 2021; Lozano-Ojalvo et al., 2021; Mazzoni et al., 2021; 
Michos et al., 2021; Racine-Brzostek et al., 2021; Ramos et al., 2021; Reynolds et al., 
2021; Salvaggio et al., 2021; Samanovic et al., 2021; Sasikala et al., 2021; Stamatatos 
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et al., 2021; Tejedor Vaquero et al., 2021; Tré-Hardy et al., 2021; Trougakos et al., 
2021; Tut et al., 2021; Velasco et al., 2021), 9 examined neutralization titres(Appelman 
et al., 2021; Demonbreun et al., 2021; Favresse et al., 2021; Forgacs et al., 2021; 
Jahrsdörfer et al., 2021; Racine-Brzostek et al., 2021; Reynolds et al., 2021; Saadat et 
al., 2021; Samanovic et al., 2021), and 8 examined anti SARS CoV 2 T cell mediated 
immunity. 31 studies used the Pfizer vaccine(Angyal et al., 2021; Anichini et al., 2021; 
Appelman et al., 2021; Blazhevska et al., 2021; Buonfrate et al., 2021; Casado et al., 
2021; Ciccone et al., 2021; Demonbreun et al., 2021; Ebinger et al., 2021; Eyre et al., 
2021; Favresse et al., 2021; Forgacs et al., 2021; Fraley et al., 2021; Glück et al., 2021; 
Hirotsu et al., 2021; Jahrsdörfer et al., 2021; Kontopoulou et al., 2021; Krammer et al., 
2021; Lozano-Ojalvo et al., 2021; Mazzoni et al., 2021; Michos et al., 2021; Racine-
Brzostek et al., 2021; Ramos et al., 2021; Reynolds et al., 2021; Saadat et al., 2021; 
Salvaggio et al., 2021; Samanovic et al., 2021; Stamatatos et al., 2021; Trougakos et 
al., 2021; Tut et al., 2021; Velasco et al., 2021), 10 studies used the Moderna vaccine 
(Chan et al., 2021; Ciccone et al., 2021; Demonbreun et al., 2021; Forgacs et al., 2021; 
Glück et al., 2021; Krammer et al., 2021; Saadat et al., 2021; Stamatatos et al., 2021; 
Tejedor Vaquero et al., 2021; Tré-Hardy et al., 2021), 4 studies used the 
Oxford/AstraZeneca vaccine(Eyre et al., 2021; Glück et al., 2021; Sasikala et al., 2021; 
Tut et al., 2021) (some studies used multiple vaccines). 

All of these studies showed a rapid, robust anti-spike antibody response following one 
dose of COVID-19 vaccine in previously infected individuals, which was statistically 
equivalent to the response to two doses of COVID-19 vaccine. In previously uninfected 
patients, two doses of vaccine were required for a similar immune response. In studies 
in which a second dose of vaccine was administered to previously infected individuals, 
antibody levels were high and not further boosted compared to one dose.  

Individual studies listed here included small numbers of patients, and are heterogenous 
in terms of antibody assays, populations assessed, type of immune response 
measured, and vaccines used. Furthermore, many of the studies reference are preprints 
that have not completed formal peer review. However, taken together, they demonstrate 
that, under a wide variety of parameters, a single dose of vaccine following infection 
provides a robust immune response. Given the recency of the COVID-19 pandemic and 
availability of vaccination, none of these studies were able to evaluate the immune 
response over a longer duration of time after a single dose single dose of vaccine in 
previously infected individuals.  

T cell responses: One study evaluated T cell and antibody responses, showing that 
the T cell response in COVID19 recovered individuals is boosted by the first dose but 
the second dose did not increase the spike specific T cell response further, overall 
concluding that a second dose is not required (Lozano-Ojalvo et al., 2021). 

Another study included partially immunized and fully immunized previously infected 
individuals. T cell and antibody responses were compared in 237 immunized - 
uninfected, partially immunized - infected and immunized/infected health care workers, 
showing equivalence of antibody and T cell responses in 2 dose immunized and 1 dose 
immunized/infected (Angyal et al., 2021). This study also showed effective 
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neutralization of Delta VOC after 1 dose in previously infected individuals but only after 
two doses in uninfected individuals (Angyal et al., 2021) 

Population based antibody response data: A large UK cohort study showed that in 
individuals with lab confirmed previous infection (documented by RT-PCR positivity or 
anti spike antibody positivity) prior to vaccination, a single dose of either Astra Zeneca 
or Pfizer vaccine increased antibody levels in all age ranges, with >95% seropositive by 
28 days after vaccination regardless of age, similar to the 2 dose uninfected group. In 
those receiving single dose Pfizer (post infection), only 5.1% had a lower antibody 
response. In this study antibody titres after AstraZeneca dose one were not as high but 
remained constant, and those to Pfizer were higher but waned. Risk factors for not 
becoming seropositive after documented infection included higher Ct values (inferring 
lower viral loads) at initial RT-PCR testing, mild or asymptomatic infection, older age 
(over 60 years with the lowest antibody responses those >80 years), or not working in 
patient facing healthcare. After single dose vaccination of previously infected 
intermediate aged people, antibody levels were significantly higher with a single dose 
following natural infection than with two BNT162b2 doses, whereas two doses achieved 
similar antibody levels to one dose following natural infection at younger and older ages. 
People with long term health conditions were less likely to seroconvert (aOR 0.64) after 
vaccination as well. Health conditions more common in low responders overall included 
taking immunosuppressants (aOR 3.91), rheumatoid arthritis (aOR 2.50) chronic liver 
disease (2.34 cancer (1.62), taking corticosteroids (1.59), type 2 diabetes (1.44), obesity 
(BMI  ≥ 30 kg per m2, 1.25) and asthma (1.25).  

Mild illness and antibody response: Multiple other smaller studies have shown that 
patients with more severe illness had higher antibody responses than those with 
mild/asymptomatic illness (Favresse et al., 2021; Lau et al., 2021). These studies 
indicate that the immune response to COVID-19 infection is not homogenous, and 
indicate that undocumented infection, which is more likely to be mild or asymptomatic, 
may not offer reliable immunity to COVID-19 infection without additional vaccination.  

Effective post infection boosting regardless or seropositivity: One study compared 
those with a confirmed previous COVID-19 infection by PCR test who were seropositive 
to post infection seronegative individuals, and found that the seropositive group had a 
similar dose 1 response to the seronegative group (Demonbreun et al., 2021). Another 
study stratified by mild and severe infections and found that initial vaccination effectively 
boosted a lower antibody response after mild infection (Favresse et al., 2021).  

This indicates that vaccination may effectively boost immunity in those with previous 
documented infection, with or without documented seroconversion following infection. 

Synthesis of the Information Relating to Question 1 
The effectiveness of one versus two doses of COVID19 vaccine in previously infected 
people has not been directly compared. A large body of immunologic studies suggest 
that a single dose of COVID-19 vaccine following infection results in robust immunologic 
responses which compare favorably to immunity from 2 doses in uninfected individuals  

The recent preprint study by Gazit et al is relevant, suggesting that prior infection plus a 
single dose of vaccine given at least 3 months after infection is highly protective in a 
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Delta dominant setting, and is superior to prior infection without immunization, but does 
not directly compare 1 and 2 dose vaccination in previously infected cohorts. Other 
studies confirm a low rate of infections in the population that received one dose of 
vaccine following previous infection. 

Overall, both laboratory studies and cohort studies support a high probability of 
substantial protection from post infection immunity boosted by one dose of vaccine but 
there is no direct data that compare one vs. two doses of vaccine in previously infected 
people. Furthermore, there is immunologic data that suggests that post-infection 
immunity is heterogenous and may not be generated as reliably following asymptomatic 
or pauci-symptomatic infections as after more severe COVID-19 infection.  

Is there any evidence to suggest an optimal dose interval from recovery to 
immunization? 
Evidence from PHAC Rapid Review on Protective Immunity 
None of the studies on vaccine effectiveness directly examined the relationship between 
timing of immunization after recovery from COVID-19 and vaccination effectiveness. 

This review was focused on long term immunity from either infection or vaccine 
immunity; consequently, studies included had long intervals between infection and 
vaccination. (Gallais et al., 2021) had an interval up to 200 days, though the reporting of 
the exact duration between infection and vaccination is unclear. A study that included 
immune indices after single dose mRNA study (Wang et al., 2021) reported an interval 
from infection to vaccination between 272 – 373 days. A further study (Cagigi et al., 
2021) reported an interval between 270-407 days, and Moderna /Spikevax was given. 
In all cases, a robust immune response was generated following vaccination. Vaccine 
side effects and adverse events were not reported in either study. Based on the studies 
included in this review a delay from infection to vaccination is not expected to impair the 
immune response to vaccination. 

Evidence from NCCMT Rapid Review on COVID-19 Vaccination in previously infected 
individuals 
None of the studies directly addressed this question. Three studies provided some data 
on the interval between COVID-19 infection and immunization. One study, comparing 
breakthrough infections in uninfected and previously infected vaccinated nursing home 
residents, included two cohorts of residents(Blain et al., 2021); 36 who were infected 
approximately 3 months prior to vaccination, and 6 who were infected 7-9 months prior. 
The only infection in the previous infection plus vaccination cohort was in a resident 
infected 7-9 months prior to immunization.  

Two studies found robust antibody responses after first dose vaccination occurring from 
3.5 to 10 months after infection. Another study immunized participants who were 
infected at least 7 months prior to vaccination. Another assessed response in patients 
immunized at a median interval from onset of COVID-19 of 262 days, with an 
interquartile range of 101.5-275 days. Immune responses were robust in all cases.  

Additional Evidence found by targeted searches 
Duration of time between infection and vaccination: 
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A large cohort study of mRNA vaccinated people in Qatar compared breakthrough 
infections in people with an infection vaccination interval of less than six months to 
those with an interval greater than 6 months, during a time in which the delta variant 
predominated in Qatar (Abu-Raddad et al., 2021). In individuals who received the 
Comirnaty vaccine, infection incidence was 0.85 per 10000 person-weeks in those with 
an infection to vaccination interval of greater than 6 months, compared to a rate of 1.41 
in those with an interval of less than 6 months. For recipients of Spikevax, infection 
incidence was 0.40 per 10000 person weeks in those with an infection vaccination 
interval of greater than 6 months, compared to an incidence of 1.00 in those with an 
infection vaccination interval of less than 6 months. Findings in both of the above 
comparisons reached statistical significance. This study suggests an interval of greater 
than 6 months could provide enhanced protection against infection, though we note that 
the incidence rate was low in all comparator groups (Abu-Raddad et al., 2021). 

In addition, two small detailed immunologic studies directly assessing antibody 
response that reported on the duration between infection and vaccination. In the first 
study, 18 health care workers who had a short (<6 month) infection to vaccine interval 
(IQR 2-3 months, median 2 months) were compared to 19 health care workers who had 
a long (>6 month) infection to vaccination interval (IQE 9-10 months median 9 months) 
using the Comirnaty vaccine with doses administered 21 days apart (Appelman et al., 
2021). Both recently and earlier infected participants showed comparable humoral 
immune responses after a single mRNA vaccination, while exceeding those of 
previously uninfected persons after two vaccinations with 2.5 fold (p = 0.003) and 3.4 
fold (p < 0.001) for binding antibody levels, and 6.4 and 7.2 fold for neutralisation titres, 
respectively (both p < 0.001). The second vaccine dose yielded no further substantial 
improvement of the humoral response in the previously infected participants (0.97 fold, 
p = 0.92), while it was associated with a 4 fold increase in antibody binding levels and 
18 fold increase in neutralisation titres in previously uninfected participants (both p < 
0.001). This paper therefore supports likely effectiveness of single dose vaccination in a 
range of 2-10 months after infection. 

A paper by Anchini et al. also reported significantly higher neutralizing titers in 
previously infected individuals after the first dose compared to the uninfected individuals 
who had received two doses (Anichini et al., 2021). In this study (n=60), there was a 
trend to higher neutralizing titres if the duration from infection to immunization was 
longer, with immunization at 3+ months, 2-3 months, and < 2 months showing mean 
titres of 694 (95% CI, 565 to 823), 559 (95% CI, 389 to 730), 437 (95% CI, 231 to 643) 
respectively. This was not statistically significant. 

Therefore, multiple immunologic studies suggest that vaccine boosting with a single 
dose between 2-10 months after documented infection results in a strong immune 
response in laboratory studies. However, the small number of participants in each of 
these studies make conclusions preliminary, and neither study evaluated effectiveness 
outcomes.  

Other considerations in prime-boost timing:  

Indirect considerations of duration include the immune response to vaccination, as the 
second dose of vaccine is thought to boost the immune response in a similar way to 
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vaccination post-infection. Indeed, in British Columbia and Quebec, vaccine 
effectiveness was enhanced by an interval of at least 7 weeks between doses 
(Skowronski et al., 2021). In the Astra Zeneca vaccine trials, intervals of 11 weeks or 
longer resulted in a higher Astra Zeneca vaccine efficacy (Voysey et al., 2021). 
Furthermore, when an extended dose interval of Comirnaty (6-14 weeks) was compared 
with a shorter interval (3-4 weeks), the extended interval resulted in significantly higher 
neutralizing antibody titres and T cell responses (Payne et al., 2021). Modelling studies 
also support a potentially better response with boosting longer after the primary 
response (Garg et al., 2021). For most vaccines, second doses are offered months after 
the initial vaccine(NACI, 2020), with the first dose providing priming/short term 
protection, and a delay given to promote a long lasting, effective immune response.  

Adverse effects and side effects (reactogenicity) of vaccination after infection: 

There is some evidence that previous infection is associated with increased 
reactogenicity side effects, most pronounced following administration of the first dose of 
vaccine (d’Arminio Monforte et al., 2021; Krammer et al., 2021; Menni et al., 2021; Raw 
et al., 2021; Tré-Hardy et al., 2021). The largesy data set is from a self reporting system 
in the UK, which compiled side effects recorded via the COVID symptoms study app in 
627 383 individuals; they found that systemic side effects were more common in the 
previously infected with both the first and second doses of Comirnaty, along with the 
first dose of Vaxzevria (Menni et al., 2021). Local side effects were also reportedly more 
severe r in those with previous infection following all vaccines, though the difference 
was not as large between the groups (Menni et al., 2021). However, in all cases, 
serious adverse events were not increased in previously infected individuals compared 
with non previously infected individuals receiving 1st or second dose vaccination.   

There has not been a signal of serious adverse effects among previously infected 
persons receiving vaccination and at this point in the pandemic, millions of people with 
known or unknown previous infections have received COVID-19 vaccines. Few studies 
have explicitly stratified serious vaccine adverse effects, such as myocarditis, by 
previous infection. One study in nursing hoem residents suggested that SARS-CoV-2 
infection, regardless of whether it was symptomatic or asymptomatic, did not increase 
the risk of adverse events following COVID-19 vaccination. This group evaluated 
serious adverse events in approximately 20,000 American nursing home residents in 
the time period after vaccination and described an increased rate of post vaccination 
events in those with no previous infection compared to previously infected vaccinees 
(including MI, Bell’s palsy, seizures, strokes, and VTE )(Bardenheier et al., 2021), which 
may suggest differences in the populations (COVID-19 infection survivors may have 
been less frail that the general nursing home population.). However, the numbers were 
small (no more than 1-3 for any individual adverse event), and represent conditions that 
are not uncommon in a nursing home population. In addition the adverse events in this 
study cannot be convincingly linked to vaccination. 

No data on the incidence of myocarditis in previously infected people after one or two 
doses of COVID-19 vaccination was found. Overall, the risk of myocarditis is higher in 
COVID-19 infection than post vaccination (Boehmer et al., 2021; Le Vu et al., 2021), 
and as with other causes of myocarditis, the highest risk in seen younger males (12-29 
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years of age; Gargano et al., 2021), with a higher risk associated with dose 2 of 
vaccine. No myocarditis events were reported in vaccine efficacy trials in 5-12 year old 
children, and the risk in 5-12 year old is not expected to be elevated as this group 
usually does not have the higher risk of myocarditis seen in youth and younger adults 
(Russell Woodworth, 2021).  
 

Synthesis of the Information Relating to Question 2 
One limitation, in addition to the paucity of data addressing this question, is that many of 
the studies analyzed were preprints, and may be modified following the peer review 
process. There is heterogeneity in reported infection - vaccine intervals, ranging from 2-
10 months, with no studies looking at shorter intervals. Furthermore, all studies report 
small numbers of participants, including the two studies that directly compared different 
infection to vaccination intervals. All of the relevant immunologic studies suggest 
possibly stronger immune responses with a longer duration from infection to 
vaccination, with a robust immune response to vaccination after infection demonstrated 
across all studies. Therefore extant evidence suggests that the immune response will 
likely be robust in immunization after infection across all of the intervals (2 months to 10 
months) reported. Using a two dose vaccine series as a prime boost model, vaccine 
effectiveness may be optimized by 8-12 week interval between vaccine doses; it is 
plausible that a similar interval between infection and vaccination may optimize the 
prime-boost of infection plus vaccination as well.  

Most of the gathered studies did not comment on any differences in adverse events 
after immunization in previously infected people. No studies were identified that 
compared adverse events based on the infection - vaccine interval, nor were there any 
that suggested one interval might be more harmful than another. There is poorer quality 
evidence that the previously infected people have an increased risk of minor post-
vaccine side effects; however, the overall safety profile of these vaccines remains very 
reassuring across populations that undoubtedly include significant numbers of 
previously infected individuals.  

 

  



24  
 

Last updated November 23, 2021 

References 
 
Abu-Raddad, L. J., Chemaitelly, H., Ayoub, H. H., Yassine, H. M., Benslimane, F. M., al 

Khatib, H. A., Tang, P., Hasan, M. R., Coyle, P., al Kanaani, Z., al Kuwari, E., 
Jeremijenko, A., Hassan Kaleeckal, A., Nizar Latif, A., Mohammad Shaik, R., Abdul 
Rahim, H. F., Nasrallah, G. K., Ghaith Al Kuwari, M., Butt, A. A., … Cornell, W. 
(2021). Association of Prior SARS-CoV-2 Infection With Risk of Breakthrough 
Infection Following mRNA Vaccination in Qatar. JAMA. 
https://doi.org/10.1001/JAMA.2021.19623 

Abu-Raddad, L. J., Chemaitelly, H., Ayoub, H. H., Yassine, H. M., Benslimane, F. M., 
Khatib, H. A. al, Tang, P., Hasan, M. R., Coyle, P., Kanaani, Z. al, Kuwari, E. al, 
Jeremijenko, A., Kaleeckal, A. H., Latif, A. N., Shaik, R. M., Rahim, H. F. A., 
Nasrallah, G. K., Kuwari, M. G. al, Butt, A. A., … Bertollini, R. (2021). Protection 
afforded by the BNT162b2 and mRNA-1273 COVID-19 vaccines in fully vaccinated 
cohorts with and without prior infection. MedRxiv, 2021.07.25.21261093. 
https://doi.org/10.1101/2021.07.25.21261093 

Abu-Raddad, L. J., Chemaitelly, H., Coyle, P., Malek, J. A., Ahmed, A. A., Mohamoud, 
Y. A., Younuskunju, S., Ayoub, H. H., al Kanaani, Z., al Kuwari, E., Butt, A. A., 
Jeremijenko, A., Kaleeckal, A. H., Latif, A. N., Shaik, R. M., Abdul Rahim, H. F., 
Nasrallah, G. K., Yassine, H. M., al Kuwari, M. G., … Bertollini, R. (2021). SARS-
CoV-2 antibody-positivity protects against reinfection for at least seven months with 
95% efficacy. EClinicalMedicine, 35. https://doi.org/10.1016/j.eclinm.2021.100861 

Angyal, A., Longet, S., Moore, S., Payne, R. P., Harding, A., Tipton, T., Rongkard, P., 
Hering, L. M., Meardon, N., Skelly, D., Gillson, N., Dobson, S. L., Cross, A., 
Sandhar, G., Kilby, J. A., Tyerman, J. K., Nicols, A. R., Spegarova, J. S., Mehta, H., 
… Group, P. C. (2021). T-Cell and Antibody Responses to First BNT162b2 Vaccine 
Dose in Previously SARS-CoV-2-Infected and Infection-Naive UK Healthcare 
Workers: A Multicentre, Prospective, Observational Cohort Study. SSRN Electronic 
Journal. https://doi.org/10.2139/SSRN.3820576 

Anichini, G., Terrosi, C., Gandolfo, C., Savellini, G. G., Fabrizi, S., Miceli, G. B., & Cusi, 
M. G. (2021). SARS-CoV-2 Antibody Response in Persons with Past Natural 
Infection. Https://Doi.Org/10.1056/NEJMc2103825, 385(1), 90–92. 
https://doi.org/10.1056/NEJMC2103825 

Appelman, B., Straten, K. van der, Lavell, A. H. A., Schinkel, M., Slim, M. A., Poniman, 
M., Burger, J. A., Oomen, M., Tejjani, K., Vlaar, A. P. J., Wiersinga, W. J., 
Smulders, Y. M., Vught, L. A. van, Sanders, R. W., Gils, M. J. van, Bomers, M. K., 
& Sikkens, J. J. (2021). Time since SARS-CoV-2 infection and humoral immune 
response following BNT162b2 mRNA vaccination. EBioMedicine, 72, 103589. 
https://doi.org/10.1016/J.EBIOM.2021.103589 

Bardenheier, B. H., Gravenstein, S., Blackman, C., Gutman, R., Sarkar, I. N., Feifer, R. 
A., White, E. M., McConeghy, K., Nanda, A., Bosco, E., & Mor, V. (2021). Adverse 
Events Following One Dose of mRNA COVID-19 Vaccination Among US Nursing 
Home Residents With and Without a Previous SARS-CoV-2 Infection. Journal of 



25  
 

Last updated November 23, 2021 

the American Medical Directors Association, 22(11), 2228. 
https://doi.org/10.1016/J.JAMDA.2021.08.024 

Bergwerk, M., Gonen, T., Lustig, Y., Amit, S., Lipsitch, M., Cohen, C., Mandelboim, M., 
Levin, E. G., Rubin, C., Indenbaum, V., Tal, I., Zavitan, M., Zuckerman, N., Bar-
Chaim, A., Kreiss, Y., & Regev-Yochay, G. (2021). Covid-19 Breakthrough 
Infections in Vaccinated Health Care Workers. New England Journal of Medicine, 
385(16), 1474–1484. 
https://doi.org/10.1056/NEJMOA2109072/SUPPL_FILE/NEJMOA2109072_DATA-
SHARING.PDF 

Blain, H., Tuaillon, E., Pisoni, A., Soriteau, L., Million, E., Léglise, M.-S., Bussereau, I., 
Miot, S., Rolland, Y., Picot, M.-C., & Bousquet, J. (2021). Prior Covid-19 and high 
RBD-IgG levels correlate with protection against VOC-δ SARS-CoV-2 infection in 
vaccinated nursing home residents. MedRxiv, 2021.09.21.21263880. 
https://doi.org/10.1101/2021.09.21.21263880 

Blazhevska, T. B., Babačić, H., Sibinovska, O., Dobrevski, B., Kirijas, M., Milanovski, 
G., Arsov, T., & Petlichkovski, A. (2021). A single dose of BNT162b2 vaccine elicits 
strong humoral response in SARS-CoV-2 seropositive individuals. Allergy. 
https://doi.org/10.1111/ALL.15047 

Bruxvoort, K., Sy, L. S., Qian, L., Ackerson, B. K., Luo, Y., Lee, G. S., Tian, Y., Florea, 
A., Takhar, H. S., Tubert, J. E., Talarico, C. A., & Tseng, H. F. (2021). Real-World 
Effectiveness of the mRNA-1273 Vaccine Against COVID-19: Interim Results from 
a Prospective Observational Cohort Study. SSRN Electronic Journal. 
https://doi.org/10.2139/SSRN.3916094 

Buonfrate, D., Piubelli, C., Gobbi, F., Martini, D., Bertoli, G., Ursini, T., Moro, L., 
Ronzoni, N., Angheben, A., Rodari, P., Cardellino, C., Tamarozzi, F., Tais, S., 
Rizzi, E., Degani, M., Deiana, M., Prato, M., Silva, R., & Bisoffi, Z. (2021). Antibody 
response induced by the BNT162b2 mRNA COVID-19 vaccine in a cohort of 
health-care workers, with or without prior SARS-CoV-2 infection: a prospective 
study. Clinical Microbiology and Infection, 0(0). 
https://doi.org/10.1016/J.CMI.2021.07.024 

Cagigi, A., Yu, M., Österberg, B., Svensson, J., Falck-Jones, S., Vangeti, S., Åhlberg, 
E., Azizmohammadi, L., Warnqvist, A., Falck-Jones, R., Gubisch, P. C., Ödemis, 
M., Ghafoor, F., Eisele, M., Lenart, K., Bell, M., Johansson, N., Albert, J., Sälde, J., 
… Smed-Sörensen, A. (2021). Airway antibodies emerge according to COVID-19 
severity and wane rapidly but reappear after SARS-CoV-2 vaccination. MedRxiv, 
2020.11.25.20238592. https://doi.org/10.1101/2020.11.25.20238592 

Casado, J. L., Haemmerle, J., Vizcarra, P., Rodriguez‐Dominguez, M., Velasco, T., 

Velasco, H., Centenera, E., Romero‐Hernandez, B., Fernandez‐Escribano, M., & 
Vallejo, A. (2021). T‐cell response after first dose of BNT162b2 SARS‐CoV‐2 
vaccine among healthcare workers with previous infection or cross‐reactive 
immunity. Clinical & Translational Immunology, 10(9). 
https://doi.org/10.1002/CTI2.1341 



26  
 

Last updated November 23, 2021 

Cavanaugh, A. M., Spicer, K. B., Thoroughman, D., Glick, C., & Winter, K. (2021). 
Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination — 
Kentucky, May–June 2021. MMWR. Morbidity and Mortality Weekly Report, 70(32), 
1081–1083. https://doi.org/10.15585/MMWR.MM7032E1 

Chan, L., Fuca, N., Zeldis, E., Campbell, K. N., & Shaikh, A. (2021). Antibody Response 
to mRNA-1273 SARS-CoV-2 Vaccine in Hemodialysis Patients with and without 
Prior COVID-19. Clinical Journal of the American Society of Nephrology, 16(8), 
1258–1260. https://doi.org/10.2215/CJN.04080321 

Ciccone, E. J., Zhu, D. R., Ajeen, R., Lodge, E. K., Shook-Sa, B. E., Boyce, R. M., 
Aiello, A. E., & Team, C. H. S. (2021). SARS-CoV-2 seropositivity after infection 
and antibody response to mRNA-based vaccination. MedRxiv, 
2021.02.09.21251319. https://doi.org/10.1101/2021.02.09.21251319 

Cromer, D., Steain, M., Reynaldi, A., Schlub, T. E., Wheatley, A. K., Juno, J. A., Kent, 
S. J., Triccas, J. A., Khoury, D. S., & Davenport, M. P. (2021). SARS-CoV-2 
variants: levels of neutralisation required for protective immunity. MedRxiv, 
2021.08.11.21261876. https://doi.org/10.1101/2021.08.11.21261876 

d’Arminio Monforte, A., Tavelli, A., Perrone, P. M., Za, A., Razzini, K., Tomasoni, D., 
Bordoni, V., Romanò, L., Orfeo, N., Marchetti, G., & Colosio, C. (2021). Association 
between previous infection with SARS CoV-2 and the risk of self-reported 
symptoms after mRNA BNT162b2 vaccination: Data from 3,078 health care 
workers. EClinicalMedicine, 36, 100914. 
https://doi.org/10.1016/J.ECLINM.2021.100914/ATTACHMENT/47CB971A-E91F-
4F53-8B02-56E0AAF697EA/MMC3.DOCX 

Demonbreun, A. R., Sancilio, A., Velez, M. P., Ryan, D. T., Saber, R., Vaught, L. A., 
Reiser, N. L., Hsieh, R. R., D’Aquila, R. T., Mustanski, B., McNally, E. M., & 
McDade, T. W. (2021). Comparison of IgG and neutralizing antibody responses 
after one or two doses of COVID-19 mRNA vaccine in previously infected and 
uninfected individuals. EClinicalMedicine, 38. 
https://doi.org/10.1016/J.ECLINM.2021.101018 

Earle, K. A., Ambrosino, D. M., Fiore-Gartland, A., Goldblatt, D., Gilbert, P. B., Siber, G. 
R., Dull, P., & Plotkin, S. A. (2021). Evidence for antibody as a protective correlate 
for COVID-19 vaccines. Vaccine, 39(32), 4423–4428. 
https://doi.org/10.1016/j.vaccine.2021.05.063 

Ebinger, J. E., Fert-Bober, J., Printsev, I., Wu, M., Sun, N., Prostko, J. C., Frias, E. C., 
Stewart, J. L., van Eyk, J. E., Braun, J. G., Cheng, S., & Sobhani, K. (2021). 
Antibody responses to the BNT162b2 mRNA vaccine in individuals previously 
infected with SARS-CoV-2. Nature Medicine 2021 27:6, 27(6), 981–984. 
https://doi.org/10.1038/s41591-021-01325-6 

Emerging Evidence on COVID-19 Rapid Review on Protective Immunity, Update 2. 
(2021). 



27  
 

Last updated November 23, 2021 

Eyre, D. W., Lumley, S. F., Wei, J., Cox, S., James, T., Justice, A., Jesuthasan, G., 
O’Donnell, D., Howarth, A., Hatch, S. B., Marsden, B. D., Jones, E. Y., Stuart, D. I., 
Ebner, D., Hoosdally, S., Crook, D. W., Peto, T. E. A., Walker, T. M., Stoesser, N. 
E., … Jeffery, K. (2021). Quantitative SARS-CoV-2 anti-spike responses to Pfizer–
BioNTech and Oxford–AstraZeneca vaccines by previous infection status. Clinical 
Microbiology and Infection, 27(10), 1516.e7-1516.e14. 
https://doi.org/10.1016/J.CMI.2021.05.041 

Favresse, J., Gillot, C., Chiaro, L. di, Eucher, C., Elsen, M., Eeckhoudt, S. van, David, 
C., Morimont, L., Dogné, J.-M., & Douxfils, J. (2021). Neutralizing Antibodies in 
COVID-19 Patients and Vaccine Recipients after Two Doses of BNT162b2. 
Viruses, 13(7). https://doi.org/10.3390/V13071364 

Forgacs, D., Jang, H., Abreu, R. B., Hanley, H. B., Gattiker, J. L., Jefferson, A. M., & 
Ross, T. M. (2021). SARS-CoV-2 mRNA Vaccines Elicit Different Responses in 
Immunologically Naïve and Pre-Immune Humans. Frontiers in Immunology, 0, 
4000. https://doi.org/10.3389/FIMMU.2021.728021 

Fraley, E., LeMaster, C., Geanes, E., Banerjee, D., Khanal, S., Grundberg, E., 
Selvarangan, R., & Bradley, T. (2021). Humoral immune responses during SARS-
CoV-2 mRNA vaccine administration in seropositive and seronegative individuals. 
BMC Medicine, 19(1). https://doi.org/10.1186/S12916-021-02055-9 

Gallais, F., Gantner, P., Bruel, T., Velay, A., Planas, D., Wendling, M.-J., Bayer, S., 
Solis, M., Laugel, E., Reix, N., Schneider, A., Glady, L., Panaget, B., Collongues, 
N., Partisani, M., Lessinger, J.-M., Fontanet, A., Rey, D., Hansmann, Y., … Fafi-
Kremer, S. (2021). Anti-SARS-CoV-2 Antibodies Persist for up to 13 Months and 
Reduce Risk of Reinfection. MedRxiv, 2021.05.07.21256823. 
https://doi.org/10.1101/2021.05.07.21256823 

Garg, A. K., Mittal, S., Padmanabhan, P., Desikan, R., & Dixit, N. M. (2021). Low dose 
prime and delayed boost can improve COVID-19 vaccine efficacies by increasing B 
cell selection stringency in germinal centres. MedRxiv, 2021.09.08.21263248. 
https://doi.org/10.1101/2021.09.08.21263248 

Gazit, S., Shlezinger, R., Perez, G., Lotan, R., Peretz, A., Ben-Tov, A., Cohen, D., 
Muhsen, K., Chodick, G., & Patalon, T. (2021). Comparing SARS-CoV-2 natural 
immunity to vaccine-induced immunity: reinfections versus breakthrough infections. 
MedRxiv, 2021.08.24.21262415. https://doi.org/10.1101/2021.08.24.21262415 

Glück, V., Grobecker, S., Köstler, J., Tydykov, L., Bertok, M., Weidlich, T., Gottwald, C., 
Salzberger, B., Wagner, R., Zeman, F., Koller, M., Gessner, A., Schmidt, B., Glück, 
T., & Peterhoff, D. (2021). Immunity after COVID-19 and vaccination: follow-up 
study over 1 year among medical personnel. Infection 2021, 1, 1–8. 
https://doi.org/10.1007/S15010-021-01703-9 

Hall, V. J., Foulkes, S., Saei, A., Andrews, N., Oguti, B., Charlett, A., Wellington, E., 
Stowe, J., Gillson, N., Atti, A., Islam, J., Karagiannis, I., Munro, K., Khawam, J., 
Chand, M. A., Brown, C. S., Ramsay, M., Lopez-Bernal, J., Hopkins, S., … Heeney, 
J. (2021). COVID-19 vaccine coverage in health-care workers in England and 



28  
 

Last updated November 23, 2021 

effectiveness of BNT162b2 mRNA vaccine against infection (SIREN): a 
prospective, multicentre, cohort study. The Lancet, 397(10286), 1725–1735. 
https://doi.org/10.1016/S0140-6736(21)00790-X 

Hansen, C. H., Michlmayr, D., Gubbels, S. M., Mølbak, K., & Ethelberg, S. (2021). 
Assessment of protection against reinfection with SARS-CoV-2 among 4 million 
PCR-tested individuals in Denmark in 2020: a population-level observational study. 
The Lancet, 397(10280). https://doi.org/10.1016/S0140-6736(21)00575-4 

Hirotsu, Y., Amemiya, K., Sugiura, H., Shinohara, M., Takatori, M., Mochizuki, H., & 
Omata, M. (2021). Robust Antibody Responses to the BNT162b2 mRNA Vaccine 
Occur Within a Week After the First Dose in Previously Infected Individuals and 
After the Second Dose in Uninfected Individuals. Frontiers in Immunology, 0, 3457. 
https://doi.org/10.3389/FIMMU.2021.722766 

Jahrsdörfer, B., Fabricius, D., Scholz, J., Ludwig, C., Grempels, A., Lotfi, R., Körper, S., 
Adler, G., & Schrezenmeier, H. (2021). BNT162b2 Vaccination Elicits Strong 
Serological Immune Responses Against SARS-CoV-2 Including Variants of 
Concern in Elderly Convalescents. Frontiers in Immunology, 0, 4052. 
https://doi.org/10.3389/FIMMU.2021.743422 

Kale, P., Gupta, E., Bihari, C., Patel, N., Rooge, S., Pandey, A., Bajpai, M., Khillan, V., 
Chattopadhyay, P., Devi, P., Maurya, R., Jha, N., Mehta, P., Kumar, M., Sharma, 
P., Saifi, S., S, A., Alam, S., Uppili, B., … Sarin, S. K. (2021). Clinicogenomic 
analysis of breakthrough infections by SARS CoV2 variants after ChAdOx1 nCoV- 
19 vaccination in healthcare workers. MedRxiv, 2021.06.28.21259546. 
https://doi.org/10.1101/2021.06.28.21259546 

Khoury, D. S., Cromer, D., Reynaldi, A., Schlub, T. E., Wheatley, A. K., Juno, J. A., 
Subbarao, K., Kent, S. J., Triccas, J. A., & Davenport, M. P. (2021). Neutralizing 
antibody levels are highly predictive of immune protection from symptomatic SARS-
CoV-2 infection. Nature Medicine, 27(7). https://doi.org/10.1038/s41591-021-
01377-8 

Kontopoulou, K., Ainatzoglou, A., Nakas, C. T., Ifantidou, A., Goudi, G., Antoniadou, E., 
Adamopoulos, V., Papadopoulos, N., & Papazisis, G. (2021). Second dose of the 
BNT162b2 mRNA vaccine: Value of timely administration but questionable 
necessity among the seropositive. Vaccine, 39(36), 5078–5081. 
https://doi.org/10.1016/J.VACCINE.2021.07.065 

Krammer, F., Srivastava, K., Alshammary, H., Amoako, A. A., Awawda, M. H., Beach, 
K. F., Bermúdez-González, M. C., Bielak, D. A., Carreño, J. M., Chernet, R. L., 
Eaker, L. Q., Ferreri, E. D., Floda, D. L., Gleason, C. R., Hamburger, J. Z., Jiang, 
K., Kleiner, G., Jurczyszak, D., Matthews, J. C., … Simon, V. (2021). Antibody 
Responses in Seropositive Persons after a Single Dose of SARS-CoV-2 mRNA 
Vaccine. Https://Doi.Org/10.1056/NEJMc2101667, 384(14), 1372–1374. 
https://doi.org/10.1056/NEJMC2101667 

Lau, E. H. Y., Tsang, O. T. Y., Hui, D. S. C., Kwan, M. Y. W., Chan, W., Chiu, S. S., Ko, 
R. L. W., Chan, K. H., Cheng, S. M. S., Perera, R. A. P. M., Cowling, B. J., Poon, L. 



29  
 

Last updated November 23, 2021 

L. M., & Peiris, M. (2021). Neutralizing antibody titres in SARS-CoV-2 infections. 
Nature Communications 2021 12:1, 12(1), 1–7. https://doi.org/10.1038/s41467-020-
20247-4 

Lozano-Ojalvo, D., Camara, C., Lopez-Granados, E., Bertoletti, A., Guccione, E., 
Correspondence, J. O., Nozal, P., del Pino-Molina, L., Yadira Bravo-Gallego, L., 
Paz-Artal, E., Pion, M., Correa-Rocha, R., Ortiz, A., Lopez-Hoyos, M., Iribarren, M. 
E., Portoles, J., Rojo-Portoles, M. P., Ojeda, G., Cervera, I., … Ochando, J. (2021). 
Differential effects of the second SARS-CoV-2 mRNA vaccine dose on T cell 
immunity in naive and COVID-19 recovered individuals ll Differential effects of the 
second SARS-CoV-2 mRNA vaccine dose on T cell immunity in naive and COVID-
19 recovered individuals. Cell Reports, 36. 
https://doi.org/10.1016/j.celrep.2021.109570 

Lumley, S. F., Rodger, G., Constantinides, B., Sanderson, N., Chau, K. K., Street, T. L., 
O’Donnell, D., Howarth, A., Hatch, S. B., Marsden, B. D., Cox, S., James, T., 
Warren, F., Peck, L. J., Ritter, T. G., de Toledo, Z., Warren, L., Axten, D., Cornall, 
R. J., … Wright, S. (2021). An Observational Cohort Study on the Incidence of 
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Infection and 
B.1.1.7 Variant Infection in Healthcare Workers by Antibody and Vaccination 
Status. Clinical Infectious Diseases. https://doi.org/10.1093/CID/CIAB608 

Massimo, L. R., Monia, P., Ileana, G., Caterina, B., Margherita, C., Erica, S., Anna, B., 
Michele, S., Alberto, R., Rosa, L. A., Stefano, V., Stefano, T., & Giustina, D. S. 
(2021). COVID-19 convalescent plasma donors: impact of vaccination on antibody 
levels, breakthrough infections and reinfection rate. MedRxiv, 
2021.07.13.21260414. https://doi.org/10.1101/2021.07.13.21260414 

Mazzoni, A., Lauria, N. di, Maggi, L., Salvati, L., Vanni, A., Capone, M., Lamacchia, G., 
Mantengoli, E., Spinicci, M., Zammarchi, L., Kiros, S. T., Rocca, A., Lagi, F., Colao, 
M. G., Parronchi, P., Scaletti, C., Turco, L., Liotta, F., Rossolini, G. M., … 
Annunziato, F. (2021). First-dose mRNA vaccination is sufficient to reactivate 
immunological memory to SARS-CoV-2 in subjects who have recovered from 
COVID-19. The Journal of Clinical Investigation, 131(12). 
https://doi.org/10.1172/JCI149150 

Menni, C., Klaser, K., May, A., Polidori, L., Capdevila, J., Louca, P., Sudre, C. H., 
Nguyen, L. H., Drew, D. A., Merino, J., Hu, C., Selvachandran, S., Antonelli, M., 
Murray, B., Canas, L. S., Molteni, E., Graham, M. S., Modat, M., Joshi, A. D., … 
Spector, T. D. (2021). Vaccine side-effects and SARS-CoV-2 infection after 
vaccination in users of the COVID Symptom Study app in the UK: a prospective 
observational study. The Lancet Infectious Diseases, 21(7), 939–949. 
https://doi.org/10.1016/S1473-3099(21)00224-3/ATTACHMENT/05D885CC-88B3-
43A5-BE70-912E3DD2F3A6/MMC1.PDF 

Michos, A., Tatsi, E. B., Filippatos, F., Dellis, C., Koukou, D., Efthymiou, V., Kastrinelli, 
E., Mantzou, A., & Syriopoulou, V. (2021). Association of total and neutralizing 
SARS-CoV-2 spike -receptor binding domain antibodies with epidemiological and 
clinical characteristics after immunization with the 1st and 2nd doses of the 



30  
 

Last updated November 23, 2021 

BNT162b2 vaccine. Vaccine, 39(40), 5963–5967. 
https://doi.org/10.1016/J.VACCINE.2021.07.067 

Milne, G., Hames, T., Scotton, C., Gent, N., Johnsen, A., Anderson, R. M., & Ward, T. 
(2021). Does infection with or vaccination against SARS-CoV-2 lead to lasting 
immunity? The Lancet. Respiratory Medicine, S2213-2600(21)00407-0. 
https://doi.org/10.1016/S2213-2600(21)00407-0 

NACI. (2020, January). Recommended immunization schedules: Canadian 
Immunization Guide - Canada.ca. https://www.canada.ca/en/public-
health/services/publications/healthy-living/canadian-immunization-guide-part-1-key-
immunization-information/page-13-recommended-immunization-schedules.html 

Non-FDA. (2021). Vaccines and Related Biological Products Advisory Committee 
Meeting October 26, 2021 Briefing Document - Sponsor (Pfizer). 

Payne, R. P., Longet, S., Austin, J. A., Skelly, D. T., Dejnirattisai, W., Adele, S., 
Meardon, N., Faustini, S., Al-Taei, S., Moore, S. C., Tipton, T., Hering, L. M., 
Angyal, A., Brown, R., Nicols, A. R., Gillson, N., Dobson, S. L., Amini, A., Supasa, 
P., … Zawia, A. A. T. (2021). Immunogenicity of standard and extended dosing 
intervals of BNT162b2 mRNA vaccine. Cell, 184(23), 5699-5714.e11. 
https://doi.org/10.1016/J.CELL.2021.10.011 

Public Health England. (2021). SARS-CoV-2 variants of concern and variants under 
investigation. 

Racine-Brzostek, S. E., Yee, J. K., Sukhu, A., Qiu, Y., Rand, S., Barone, P. D., Hao, Y., 
Yang, H. S., Meng, Q. H., Apple, F. S., Shi, Y., Chadburn, A., Golden, E., Formenti, 
S. C., Cushing, M. M., & Zhao, Z. (2021). Rapid, robust, and sustainable antibody 
responses to mRNA COVID-19 vaccine in convalescent COVID-19 individuals. JCI 
Insight, 6(20). https://doi.org/10.1172/JCI.INSIGHT.151477 

Ramos, A., Cardoso, M. J., Norton, P., Sarmento, A., & Guimarães, J. T. (2021). 
Serological response to a single dose of a SARS-CoV-2 mRNA vaccine. Journal of 
Virological Methods, 296, 114223. 
https://doi.org/10.1016/J.JVIROMET.2021.114223 

Rapid Review Update 1: What is the ongoing effectiveness, immunogenicity, and safety 
of COVID-19 vaccines in persons who have had a prior, confirmed COVID-19 
infection. (2021). https://www.nccmt.ca/covid-19/covid-19-rapid- 

Raw, R. K., Kelly, C. A., Rees, J., Wroe, C., & Chadwick, D. R. (2021). Previous 
COVID-19 infection, but not Long-COVID, is associated with increased adverse 
events following BNT162b2/Pfizer vaccination. The Journal of Infection, 83(3), 381. 
https://doi.org/10.1016/J.JINF.2021.05.035 

Reynolds, C. J., Pade, C., Gibbons, J. M., Butler, D. K., Otter, A. D., Menacho, K., 
Fontana, M., Smit, A., Sackville-West, J. E., Cutino-Moguel, T., Maini, M. K., Chain, 
B., Noursadeghi, M., Network‡, U. Covid. I. C., Brooks, T., Semper, A., Manisty, C., 
Treibel, T. A., Moon, J. C., … Boyton, R. (2021). Prior SARS-CoV-2 infection 



31  
 

Last updated November 23, 2021 

rescues B and T cell responses to variants after first vaccine dose. Science, 
372(6549), 1418–1423. https://doi.org/10.1126/SCIENCE.ABH1282 

Saadat, S., Tehrani, Z. R., Logue, J., Newman, M., Frieman, M. B., Harris, A. D., & 
Sajadi, M. M. (2021). Binding and Neutralization Antibody Titers After a Single 
Vaccine Dose in Health Care Workers Previously Infected With SARS-CoV-2. 
JAMA, 325(14), 1467–1469. https://doi.org/10.1001/JAMA.2021.3341 

Salvaggio, M., Fusina, F., Albani, F., Salvaggio, M., Beschi, R., Ferrari, E., Costa, A., 
Agnoletti, L., Facchi, E., & Natalini, G. (2021). Antibody Response after BNT162b2 
Vaccination in Healthcare Workers Previously Exposed and Not Exposed to SARS-
CoV-2. Journal of Clinical Medicine, 10(18), 10. 
https://doi.org/10.3390/JCM10184204 

Samanovic, M. I., Cornelius, A. R., Gray-Gaillard, S. L., Allen, J. R., Karmacharya, T., 
Wilson, J. P., Hyman, S. W., Tuen, M., Koralov, S. B., Mulligan, M. J., & Herati, R. 
S. (2021). Robust immune responses after one dose of BNT162b2 mRNA vaccine 
dose in SARS-CoV-2 experienced individuals. MedRxiv, 2021.02.07.21251311. 
https://doi.org/10.1101/2021.02.07.21251311 

Sarkar, S., Das, S., Choudhury, K., Mukherjee, S., & Chatterjee, R. (2021). 
Seroprevalence and Dynamics of anti-SARS-CoV-2 antibody among healthcare 
workers following ChAdOx1 nCoV-19 vaccination. MedRxiv, 2021.07.20.21260278. 
https://doi.org/10.1101/2021.07.20.21260278 

Sasikala, M., Shashidhar, J., Deepika, G., Ravikanth, V., Krishna, V. V., Sadhana, Y., 
Pragathi, K., & Reddy, D. N. (2021). Immunological memory and neutralizing 
activity to a single dose of COVID-19 vaccine in previously infected individuals. 
International Journal of Infectious Diseases, 108, 183–186. 
https://doi.org/10.1016/J.IJID.2021.05.034 

Sheehan, M. M., Reddy, A. J., & Rothberg, M. B. (2021). Reinfection Rates Among 
Patients Who Previously Tested Positive for Coronavirus Disease 2019: A 
Retrospective Cohort Study. Clinical Infectious Diseases. 
https://doi.org/10.1093/cid/ciab234 

Shields, A. M., Faustini, S. E., Kristunas, C. A., Cook, A. M., Backhouse, C., Dunbar, L., 
Ebanks, D., Emmanuel, B., Crouch, E., Kröger, A., Hirschfeld, J., Sharma, P., 
Jaffery, R., Nowak, S., Gee, S., Drayson, M. T., Richter, A. G., Dietrich, T., & 
Chapple, I. L. C. (2021). COVID-19: Seroprevalence and Vaccine Responses in UK 
Dental Care Professionals. Journal of Dental Research, 100(11), 1220–1227. 
https://doi.org/10.1177/00220345211020270 

Shrestha, N. K., Burke, P. C., Nowacki, A. S., Terpeluk, P., & Gordon, S. M. (2021). 
Necessity of COVID-19 vaccination in previously infected individuals. MedRxiv, 
2021.06.01.21258176. https://doi.org/10.1101/2021.06.01.21258176 

Skowronski, D. M., Setayeshgar, S., Febriani, Y., Ouakki, M., Zou, M., Talbot, D., 
Prystajecky, N., Tyson, J. R., Gilca, R., Brousseau, N., Deceuninck, G., Galanis, E., 
Fjell, C. D., Sbihi, H., Fortin, E., Barkati, S., Sauvageau, C., Naus, M., Patrick, D. 



32  
 

Last updated November 23, 2021 

M., … Serres, G. de. (2021). Two-dose SARS-CoV-2 vaccine effectiveness with 
mixed schedules and extended dosing intervals: test-negative design studies from 
British Columbia and Quebec, Canada. MedRxiv, 2021.10.26.21265397. 
https://doi.org/10.1101/2021.10.26.21265397 

Stamatatos, L., Czartoski, J., Wan, Y.-H., Homad, L. J., Rubin, V., Glantz, H., Neradilek, 
M., Seydoux, E., Jennewein, M. F., MacCamy, A. J., Feng, J., Mize, G., Rosa, S. C. 
de, Finzi, A., Lemos, M. P., Cohen, K. W., Moodie, Z., McElrath, M. J., & McGuire, 
A. T. (2021). mRNA vaccination boosts cross-variant neutralizing antibodies elicited 
by SARS-CoV-2 infection. Science, 372(6549), 1413–1418. 
https://doi.org/10.1126/SCIENCE.ABG9175 

Tejedor Vaquero, S., de Campos-Mata, L., Ramada, J. M., Díaz, P., Navarro-Barriuso, 
J., Ribas-Llaurado, C., Rodrigo Melero, N., Carolis, C., Cerutti, A., Gimeno, R., & 
Magri, G. (2021). The mRNA-1273 Vaccine Induces Cross-Variant Antibody 
Responses to SARS-CoV-2 With Distinct Profiles in Individuals With or Without 
Pre-Existing Immunity. Frontiers in Immunology, 0, 3589. 
https://doi.org/10.3389/FIMMU.2021.737083 

Tré-Hardy, M., Cupaiolo, R., Papleux, E., Wilmet, A., Horeanga, A., Antoine-Moussiaux, 
T., della Vecchia, A., Beukinga, I., Vekemans, M., & Blairon, L. (2021). 
Reactogenicity, safety and antibody response, after one and two doses of mRNA-
1273 in seronegative and seropositive healthcare workers. The Journal of Infection, 
83(2), 237–279. https://doi.org/10.1016/j.jinf.2021.03.025 

Trougakos, I. P., Terpos, E., Zirou, C., Sklirou, A. D., Apostolakou, F., Gumeni, S., 
Charitaki, I., Papanagnou, E.-D., Bagratuni, T., Liacos, C.-I., Scorilas, A., 
Korompoki, E., Papassotiriou, I., Kastritis, E., & Dimopoulos, M. A. (2021). 
Comparative kinetics of SARS-CoV-2 anti-spike protein RBD IgGs and neutralizing 
antibodies in convalescent and naïve recipients of the BNT162b2 mRNA vaccine 
versus COVID-19 patients. BMC Medicine 2021 19:1, 19(1), 1–11. 
https://doi.org/10.1186/S12916-021-02090-6 

Tut, G., Lancaster, T., Krutikov, M., Sylla, P., Bone, D., Kaur, N., Spalkova, E., Bentley, 
C., Amin, U., Jadir, A. T., Hulme, S., Butler, M. S., Ayodele, M., Bruton, R., Shrotri, 
M., Azmi, B., Fuller, C., Irwin-Singer, A., Hayward, A., … Moss, P. (2021). Profile of 
humoral and cellular immune responses to single doses of BNT162b2 or ChAdOx1 
nCoV-19 vaccines in residents and staff within residential care homes (VIVALDI): 
an observational study. The Lancet Healthy Longevity, 2(9), e544–e553. 
https://doi.org/10.1016/S2666-7568(21)00168-9 

Varona, J. F., Madurga, R., Peñalver, F., Abarca, E., Almirall, C., Cruz, M., Ramos, E., 
& Castellano-Vazquez, J. M. (2021). kinetics of anti-SARS-CoV-2 antibodies over 
time. Results of 10 month follow up in over 300 seropositive Health Care Workers. 
European Journal of Internal Medicine, 89, 97–103. 
https://doi.org/10.1016/J.EJIM.2021.05.028 

Velasco, M., Galán, M. I., Casas, M. L., Pérez-Fernández, E., Martínez-Ponce, D., 
González-Piñeiro, B., Castilla, V., Guijarro, C., Group, A. C.-19 W., Algora Weber, 



33  
 

Last updated November 23, 2021 

A., Alonso Punter, J. C., Bonilla Zafra, G., Bueno Campaña, M. M., Carrión Pulido, 
C., Diaz Cuasante, A. I., Fabero Jiménez, A., Fariña García, R. M., González 
Anglada, M. I., Izquierdo Patrón, M. M., … Rodriguez-Caravaca, G. (2021). Impact 
of Previous Coronavirus Disease 2019 on Immune Response After a Single Dose 
of BNT162b2 Severe Acute Respiratory Syndrome Coronavirus 2 Vaccine. Open 
Forum Infectious Diseases, 8(7). https://doi.org/10.1093/OFID/OFAB299 

Voysey, M., Clemens, S. A. C., Madhi, S. A., Weckx, L. Y., Folegatti, P. M., Aley, P. K., 
Angus, B., Baillie, V. L., Barnabas, S. L., Bhorat, Q. E., Bibi, S., Briner, C., Cicconi, 
P., Collins, A. M., Colin-Jones, R., Cutland, C. L., Darton, T. C., Dheda, K., 
Duncan, C. J. A., … Zuidewind, P. (2021). Safety and efficacy of the ChAdOx1 
nCoV-19 vaccine (AZD1222) against SARS-CoV-2: an interim analysis of four 
randomised controlled trials in Brazil, South Africa, and the UK. The Lancet, 
397(10269), 99–111. https://doi.org/10.1016/S0140-6736(20)32661-1 

Wang, Z., Muecksch, F., Schaefer-Babajew, D., Finkin, S., Viant, C., Gaebler, C., 
Hoffmann, H.-H., Barnes, C. O., Cipolla, M., Ramos, V., Oliveira, T. Y., Cho, A., 
Schmidt, F., da Silva, J., Bednarski, E., Aguado, L., Yee, J., Daga, M., Turroja, M., 
… Nussenzweig, M. C. (2021). Naturally enhanced neutralizing breadth against 
SARS-CoV-2 one year after infection. Nature 2021 595:7867, 595(7867), 426–431. 
https://doi.org/10.1038/s41586-021-03696-9 

Wei, J., Matthews, P. C., Stoesser, N., Maddox, T., Lorenzi, L., Studley, R., Bell, J. I., 
Newton, J. N., Farrar, J., Diamond, I., Rourke, E., Howarth, A., Marsden, B. D., 
Hoosdally, S., Jones, E. Y., Stuart, D. I., Crook, D. W., Peto, T. E. A., Pouwels, K. 
B., … Eyre, D. W. (2021). Anti-spike antibody response to natural SARS-CoV-2 
infection in the general population. Nature Communications 2021 12:1, 12(1), 1–12. 
https://doi.org/10.1038/s41467-021-26479-2 

  
 
 


