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Emerging Evidence on COVID-19  

Rapid Review on Protective Immunity 

Introduction 

Do antibodies to SARS-CoV-2 confer immunity against reinfection with SARS-CoV-2, is there long-term 

protective immunity (greater than 6 months post-infection) and does past infection with the original wild-

type SARS-CoV-2 protect against the current variants of concern? 

Understanding the extent and limits of protective immunity has important implications for the COVID-19 

pandemic. Immunity arising from coronaviruses in general varies tremendously, from a few months for the 

seasonal coronaviruses associated with the common cold, to 2-3 years for the emerging coronaviruses such 

as SARS-CoV-1 and MERS (1). For SARS-CoV-2, it is known that most people develop immune responses after 

infection, however, for how long and to what extent this protects people from reinfection is not yet clear.   

Reinfection with SARS-CoV-2 appears to be uncommon but there are challenges to studying this. RT-PCR 

testing is excellent for identifying the presence of virus in making the initial diagnosis, but it will also be 

positive in the presence of non-infectious virus particles (RNA fragments) so, on its own, it cannot confirm 

reinfection. To address this, several definitions of reinfection have been proposed both in the literature and 

by public health organizations (e.g., ECDC, PAHO). For the purposes of this review, confirmed reinfection is   

at least one documented negative RT-PCR test between episodes and genomic sequence data from both 

episodes to distinguish two different genetic clades or viral lineages (2). Suspected cases of reinfection are 

defined in this review as those with clinically or lab confirmed initial infection with a positive RT-PCR test >90 

days from first episode or episodes occurring less than 90 days apart but with epidemiological evidence of re-

exposure to SARS-CoV-2 (2, 3). There are also challenges in assessing long-term immunity from COVID-19. 

This arises from the fact that not all people who have positive antibodies for SARS-CoV-2 are immune and 

not everyone who has been diagnosed with COVID-19 develops antibodies after infection. Some people who 

are diagnosed with COVID-19 do not have detectable antibody levels but still recover, even when they have 

severe disease. This is likely influenced by strong cell-mediated immune responses, specifically from CD4+ 

and CD8+ T-cells that may contribute to long-term immunity against reinfection. Evidence suggests 

neutralizing antibodies and immune cell activity specific to SARS-CoV-2 are good indicators of protective 

immunity. A number of techniques and tests have been developed to measure immune responses. The 

variation and interplay of antibodies, B and T cell response to infection, and the variety of detection 

techniques available not only complicate the assessment of long-term immunity, it also complicates the 

question of whether immunity to the original wild-type SARS-CoV-2 protects against the current variants of 

concern.   

This rapid review summarizes the evidence from the most recent studies on reinfection, persistence of 

antibodies and other immune markers for more than 6 months following initial SARS-CoV-2 infection and 

preliminary evidence on immunity against variants of concern published before February 11, 2021. Animal 

models of disease were not included. 
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Key Points 

 Forty-nine studies were identified including fifteen recent cohort studies on risk of reinfection, twenty-

one studies on the kinetics and durability of antibodies and other immunity markers at >6 months 

from initial SARS-CoV-2 infection, ten studies on antibody response or immunity and the new variants 

of concern and three relevant systematic reviews. 

 Overall we found that the risk of reinfection was low, most people had markers of immunity at 6 

months and in preliminary studies the B.1.351 variant was not as readily neutralized by convalescent 

sera. 

 

Risk of reinfection: 

 The best evidence to date on protective immunity comes from reinfection data reported in fifteen 

recently published cohort studies with both prospective and retrospective designs. More preliminary 

evidence from twenty-one case reports/series on risk of confirmed reinfection in 30 cases are reported 

in Appendix 1.   

 The included studies report that previous infection resulting in antibodies seems to be associated with 

protection from reinfection for up to seven months. 

 Cohorts that used only confirmed cases of reinfection in their risk estimates reported higher levels of 

protection (96-99%) (4-6) than those that included suspected cases of reinfection (83-94%) (7-11). This 

trend was echoed by the adjusted risk of reinfection estimates. In a cohort of confirmed reinfections 

from Qatar, the risk of reinfection was 0.01% (95%CI: 0.01-0.02%, n=133266). In cohorts of suspected 

reinfections from the UK and Mexico, the risk of reinfection was 0.7% (95%CI: 0.6-0.8, n=36,509) (12) 

and 0.26% (n=100,432) (13), respectively.  

 The median time between initial infection and reinfection in the case reports (Appendix 1) was 81 days 

(range 13-250), in the confirmed reinfection cohorts it was 52-65 days (range 15-212) (5, 6), and in the 

suspected reinfection cohorts is was 56-172 days (range 40-227) (8, 13). The latter may have data 

points that are misclassified and instead represent re-positive results or recurrence, both of which 

have been reported in the literature.  

 Based on both confirmed and suspected reinfection cohorts, individuals with evidence of previous 

infection had much lower attack rates of infection at follow-up up to 9 months compared to those 

who were seronegative or RT-PCR negative at baseline (0%-3.4% vs. 1.29%-28.7%) (4, 7, 9-11, 14-17). 

Several studies indicate that those who did not seroconvert may not have the same degree of 

protection from reinfection as those with high titers of antibodies (4, 14, 18). However, after 

reinfection the majority of cases showed an IgG response (14).  

 Higher and prolonged IgG response was correlated with a lower risk of reinfection. Older age, 

duration of symptoms, and number of symptoms were correlated with higher IgG responses after 

primary infection (18). 
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Immune response markers >6 months post infection: 

 Twenty-two recently published studies with follow-up of > 30 observations beyond 6 months post 

infection (up to 9 months) provide evidence to support immunity based on circulating antibody levels, 

B-cells and T-cells against SARS-CoV-2 (Table 2). The relationship between these correlates of 

immunity and protection against SARS-CoV-2 infection or reinfection by either wild type SARS-CoV-2 

or emerging variants of concern are not fully understood.   

 Eight studies report cellular immune response linked to memory B cells (i.e., immune cells that 

produce virus targeting antibodies) and T cells (i.e., immune cells that guide cell mediated adaptive 

immune responses) following a natural infection likely confer some long-term immunity to 

subsequent reinfections (1, 19, 20).  

o Memory B-cell and T-cell activity were elevated and expanded beyond 6 months post 

infection, which may be better measures of protective immunity compared to circulating 

antibodies that wane overtime after recovering from SARS-CoV-2 infection (21-24).  

o In 80% of individuals that had mild to moderate COVID-19, a high frequency of total memory 

B cells specific to the Receptor Binding Domain (RBD) of SARS-CoV-2 virus were identified (25). 

o CD8+ T cell activity was variable, and not directly comparable primarily due to differences in 

peptide sequences used in cell simulation. One study reported SARS-CoV-2 CD8+ T-cells to be 

detectable in 50% of cases between 6-8 months, while another study reported CD8+ T-cells 

memory responses to be significantly increased between 6-9 months post infection (21, 25).  

Whereas memory CD4+ T-cell activity continued to be detected in 92% of individuals between 

6-8 months (25). 

o A single study reports a correlation between IgG and IgM seropositivity and CD8+ T-cell 

activity among those that had severe COVID-19 (23). 

 Long-term trends in antibodies were described in twenty studies: 

o Eleven studies report the majority (>86%) of individuals remained positive for circulating 

SARS-CoV-2 specific neutralizing antibodies (NAb), S protein and/or RBD IgG antibodies ≥6 

months from infection (18, 19, 24-27, 27, 28, 28-30). 

o NAb levels were higher and S protein IgG levels were lower than among severe COVID-19 

cases when compared to those who experienced mild to moderate COVID-19 (18, 19, 24-27, 

27, 28, 28-30).  

o Only 25-50% of participants remained positive for N protein antibodies (class variable or not 

specified) beyond 6 months (17, 17, 27, 29-31), which was comparatively less time than other 

virus targeting antibodies. (17, 27, 29, 30) 

Immunity and new variants of concern: 
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 Preliminary experiments (n=10) on neutralization of the variants of concern have shown in vitro 

evidence that B.1.1.7 can be neutralized while B.1.351 is less likely to be neutralized by antibodies from 

wild-type SARS-CoV-2. 

 

Reviews: 

 Relevant rapid and systematic reviews include COVID-19 research up to June–September, 2020, on 

correlates of immunity from studies early in the pandemic. These are included as resources for 

research on time points earlier than 6 months. 

Overview of the Evidence 

Reinfection studies included prospective cohorts, some of which were large, multi-center studies that were at 

low risk of bias and have high generalizability. Multivariable analyses to account for potential confounding 

were not always conducted and this may bias the results. Retrospective cohorts of medical record data or 

routinely collected surveillance data on COVID-19 were also captured. Some of these studies appeared to 

have good generalizability as they represented large or national databases. Others were more focused on 

healthcare workers at a single center or specific patient groups. However, retrospective cohorts are at higher 

risk of bias due to the retrospective nature of the study, missing data, and confounding. The case 

reports/series included in the appendix are at high risk of bias due to selection bias and lack of a comparator 

group. However, they offer additional data on the case attributes and timing of reinfection. 

The long-term immunity studies mainly included longitudinal evidence from observational studies, 

particularly of, prospective cohort, case series and cross-sectional design, which are at moderate to high risk 

of selection biases and confounding. For example, most studies reported clinical infection severity among 

study participants, but many do not appear to have considered differences in baseline immune status 

influenced by co-morbid conditions (e.g., cancer, heart conditions, kidney disease, diabetes, etc.) within study 

samples. Immune responses ≥ 6 months after a SARS-CoV-2 infection were highly variable across studies. 

Differences in study participant demographics, baseline immune status, clinical severity of infections, 

investigated immune outcomes, follow-up time and measurement methods likely contributed to observed 

heterogeneity. Variability may also come from the application of different antibody and immune cell 

detection methods with different test sensitivity and specificity parameters. All of these factors make it 

difficult to compare results across studies and introduce detection bias (29).  

Preliminary evidence from in vitro studies using convalescent or vaccinated sera have examined the 

neutralization of variants of concern, mainly B.1.1.7 and B.1.351. These studies give us an early indication of 

potentially how well the circulating antibodies will recognise the variants, but they do not tell us how cross-

reactive immune memory may be affected and their generalizability is limited. Additional research and 

monitoring of the convalescent and vaccinated populations will add further insight in the near future.    
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Knowledge gaps: 

 Lack of high quality studies on the duration and efficacy of protection by neutralizing antibodies. 

 Lack of understanding of how the immunological measures (e.g., neutralizing antibody titers) correlate 

to protection. Clinical effectiveness data is also needed to provide a definitive assessment of vaccine 

mediated protection. 

 The role of specific antibodies, B cells and T cells in the elimination of infection have not been 

definitively identified in humans. 

 Additional evidence is needed on variants of concern and the role of cross-reactive immune memory 

on reinfection from these variants. 
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RISK OF REINFECTION 

The European CDC has created a flowchart for assessing reinfection (2) and further definitions to differentiate 

confirmed reinfection from relapse/reactivation and recurrence have been proposed (3). The definitions used 

in this review are based on these published guidelines.  

Confirmed reinfection requires: Confirmed initial infection by RT-PCR AND confirmed second infection by RT-

PCR AND negative RT-PCR result(s) collected between first and second infection AND genomic sequence data 

from both episodes to distinguish two different viral isolates 

Suspected reinfection requires: Positive RT-PCR test >90 days from first episode (either clinically or lab 

confirmed) OR <90 days between episodes but epidemiological evidence of re-exposure to SARS-CoV-2. 

The best evidence to date on protective immunity comes from the few recently published cohort studies on 

risk of reinfection. Small case reports/series detailing suspected reinfections have been excluded, however, 

cases of confirmed reinfection have been summarized in Appendix 1. Studies of prolonged and recurrent 

infections are also excluded but have previously been summarized in an Infectious Period rapid review, 

available through the emerging science secretariat.  

 

mailto:phac.evidence-donnees.probantes.aspc@canada.ca
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Results of reinfection cohort studies (n=15): 

 Previous infection resulting in antibodies seems to be associated with protection from reinfection for 

up to seven months, however there has been a small proportion of people that have become 

reinfected. Reasons for reinfection or lack of protective immunity are not well understood.  

 Only three studies calculated risk of reinfection estimates from confirmed reinfection cases. These 

studies reported a high estimate of protection against reinfection in cohorts from the UK (>96%) and 

Qatar (>99%) (4-6).   

 Prospective cohorts of suspected reinfections from the UK and France suggest past SARS-CoV-2 

infection provides protective immunity for up to 6 months in 83-90% of individuals (7-9). 

Retrospective cohorts from the USA and UK indicated 90-94% of previously infected individuals had 

protection for up to 6 months (10, 11). 

 Risk of reinfection was low across studies based on large general population retrospective cohorts. In 

Qatar, the adjusted risk for confirmed reinfection was 0.01% (95%CI: 0.01-0.02%, n=133266) (5). Risk 

estimates were slightly higher in cohorts that included suspected reinfection: In the UK the risk was 

0.7% (95%CI: 0.6-0.8, n=36,509) (12) and in Mexico the risk was 0.26% (n=100,432) (13).   

 Time to reinfection was a median of 52-65 days (range 15-212) in the confirmed reinfection cohorts (5, 

6) vs. 56-172 (range 40-227) in the suspected reinfection cohorts (8, 13). The latter may have data 

points that are misclassified and instead represent re-positive results or recurrence, both of which has 

been reported in the literature.  

 Individuals with evidence of previous infection had much lower attack rates of infection at follow-up 

times of up to 9 months compared to those who were seronegative or PCR negative at baseline (0%-

3.4% vs. 1.29%-28.7%) (4, 7, 9-11, 14-17). Several studies indicate that those who did not seroconvert 

may not have the same degree of protection from reinfection as those with high titers of antibodies 

(4, 14, 18). However, after reinfection the majority of cases showed IgG responses (14).  

o Healthcare workers with positive SARS-CoV-2 anti-spike IgG responses had lower rates of PCR-

positive tests after 31 weeks of follow-up compared to healthcare workers with no IgG 

responses at the start of the study (0.13 vs. 1.09 per 10,000 days at risk) (7). 

 Higher and prolonged IgG response was correlated with a lower risk of reinfection. Older age, 

duration of symptoms, and number of symptoms are correlated with higher IgG responses after 

primary infection (18). 

 A surveillance study conducted in the UK, reporting a rate of suspected reinfection of 0.7%, found that 

reinfection was more positively correlated with the overall regional increase in cases rather than the 

regional increase in the B.1.1.7 percentage, indicating that the immunity built up from initial infection 

likely also provides protection against the B.1.1.7 variant (12). 

• The symptomology reported during reinfection has been highly variable: 
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o One study found that patients with serious primary disease were more likely to develop 

severe symptoms during reinfection (13). However, as no mass screening was in effect, 

second-time asymptomatic cases of SARS-COV-2 infection are not likely to be identified. 

Many reports of reinfection may be biased toward identification of more severe cases. 

o Another study found that 88.5% of cases had more symptoms upon reinfection than initial 

infection, however overall severity of symptoms was not reported (14).  

o Two studies reported that reinfection was less severe than primary infections (5, 6). 

 

Table 1: Cohort studies evaluating the risk of reinfection with SARS-CoV-2 (N=15) 

STUDY  METHOD KEY OUTCOMES 

Confirmed reinfection (n=3) 

Jeffery-Smith 

(2021) (4) 

 

Outbreak 

investigation 

and 

longitudinal 

study 

 

UK 

 

Apr-Oct 2020 

Two long-term care 

homes that had 

experienced an 

outbreak in the first 

wave of COVID-19 

experienced a second 

outbreak. Outbreak 

investigations and 

SARS-CoV-2 serology 

were conducted to 

assess the role of prior 

antibodies in the 

protection against 

SARS-CoV-2 

reinfection. 

Nasal swabs 

-1.1% (1/88) of individuals that had confirmed previous SARS-

CoV-2 exposure (either seropositive or PCR positive) from the 

first outbreaks (5 months earlier) became PCR-positive during 

the second outbreaks compared with 24.7% (18/73) of those 

with seronegative status after the first outbreaks.  

-Prior exposure had a protective effectiveness of 96.2% (95% CI: 

72.7%–99.5%) against infections during the second outbreaks for 

an estimated risk ratio of 0.038 (95% CI: 0.005–0.273; p < 0.0001).  

-Whole genome sequencing found that the second COVID-19 

outbreaks were caused by SARS-CoV-2 strains that were 

genetically different from their respective first outbreaks. 

Abu-Raddad 

(2021) (6) 

Preprint 

 

Retrospective 

cohort study 

 

Qatar 

 

Apr-Dec 2020 

SARS-CoV-2 

antibody-positive 

persons with a PCR-

positive swab ≥14 

days after the first-

positive antibody test 

were followed for a 

median of 17 weeks 

(range: 0-45) for 

evidence of 

reinfection (n=43,044). 

Seronegative 

individuals 

(n=149,923) were also 

followed for incidence 

of infection. Viral 

Nasopharyngeal and oropharyngeal swabs 

-314 seropositive individuals had a PCR-positive swab ≥14 days 

after the first-positive antibody test. 

- 32/314 suspected cases had good evidence for reinfection (Ct 

≤30 for reinfection swab), 97 cases with some evidence (Ct >30 

for reinfection swab), while evidence was weak for the remaining 

185 cases. 

-For cases with good evidence for reinfection (32/314, 10.2%), 

the median time between the first-positive antibody test and the 

reinfection swab was 52 days (range: 15-212 days).  Reinfections 

were less severe than primary infections.  

-Genome sequencing demonstrated that 5/16 cases, for which 

paired specimens were available, were confirmed reinfection for 

a confirmation rate of 31.6%.  

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.5.2100092
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.5.2100092
https://www.medrxiv.org/content/10.1101/2021.01.15.21249731v2
https://www.medrxiv.org/content/10.1101/2021.01.15.21249731v2
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genome sequencing 

was conducted for 

paired viral specimens 

(n=16) to confirm 

reinfection. 

-The reinfection risk among antibody-confirmed cases was 

0.10% (95% CI: 0.08-0.11%) and the reinfection incidence rate 

was 0.66 per 10,000 person-weeks (95% CI: 0.56-0.78). 

-The infection risk for seronegative individuals was estimated at  

2.15% (95% CI: 2.08-2.22%), with an infection incidence of 13.69 

per 10,0000 person weeks (95% CI: 13.22-14.14) 

-A decreasing trend in the incidence rate of reinfection with each 

additional month of follow-up demonstrated that protective 

immunity did not wane over the seven months.  

-Efficacy of natural infection against reinfection was estimated to 

be 95.2% (95% CI: 94.1-96.0%). 

 

Abu-Raddad 

(2020) (5) 

Preprint 

 

Retrospective 

cohort study 

 

Qatar 

 

Feb-Aug 2020 

 
 

All SARS-CoV-2 

laboratory-confirmed 

cases with at least one 

RT-PCR positive swab 

that was ≥45 days 

after a first-positive 

swab were individually 

investigated for 

evidence of 

reinfection (n= 

133,266 cases). Viral 

genome sequencing 

of the paired first-

positive and 

reinfection viral 

specimens was 

conducted to confirm 

reinfection in a small 

subset of cases 

(n=12).  

Nasopharyngeal and oropharyngeal swabs 

-243 persons (0.18%) had a subsequent positive swab ≥45 days 

after the first-positive swab. Of these, 54 cases (22.2%) had 

strong or good evidence for reinfection (PCR positivity was 

associated with contextual evidence supporting the status of 

reinfection).  

-Median time between first and reinfection swab was 64.5 days 

(45-129, range). 

-Only one person was hospitalized at time of reinfection, this 

case only had mild infection. 

-Only four cases of reinfection were confirmed by viral genome 

sequencing. 

-Risk of reinfection was estimated at 0.01% (95% CI: 0.01-0.02%) 

and incidence rate of reinfection was estimated at 0.36 (95% CI: 

0.28-0.47) per 10,000 person-weeks.  

-The authors conclude that reinfection is a rare phenomenon 

and immunity against reinfection likely lasts at least a few 

months after first infection.  

Suspected reinfection (n=12) 

Lumley (2020) 

(7) 

 

Prospective 

cohort study 

 

UK 

 

Apr-Nov 2020 

Followed 

asymptomatic and 

symptomatic staff 

(n=12,541) at Oxford 

University Hospitals 

for up to 31 weeks to 

estimate the relative 

incidence of PCR-

positive test results 

and new symptomatic 

infection according to 

antibody status. 

Nasal and oropharyngeal swab  

-Health care workers with positive SARS-CoV-2 anti spike IgG 

assays at baseline have lowers rates of PCR-positive tests at 

follow up than workers with negative baselines results (0.13 vs 

1.09 per 10,000 days at risk).  

-The incidence of positive PCR tests was inversely associated 

with anti-spike antibody titers, suggesting previous infection 

resulting in antibodies to SARS-CoV-2 is associated with 

protection from reinfection for at least 6 months. 

-Of the three seropositive health care workers that had 

subsequent PCR-positive tests for SARS-CoV-2 infection, only 

one had previously tested positive for SARS-CoV-2, 190 days 

https://www.medrxiv.org/content/10.1101/2020.08.24.20179457v2
https://www.medrxiv.org/content/10.1101/2020.08.24.20179457v2
https://www.nejm.org/doi/10.1056/NEJMoa2034545
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prior. This case was asymptomatic upon possible reinfection, 

with negative RT-PCR tests 2 and 4 days later and no subsequent 

rise in antibody titers  

-Reinfection results could be consistent with a re-exposure to 

SARS-CoV-2 that did not lead to symptoms but could also 

plausibly have been a false positive. Caution should be used 

when interpreting the results of this study.  

Hall (2021) (8) 

Preprint 

 

Prospective 

cohort study 

 

UK 

 

Jun-Nov 2020 

Asymptomatic and 

symptomatic staff 

(n=20,787) working at 

hospital sites 

participating in the 

SARS-CoV-2 Immunity 

and Reinfection 

Evaluation (SIREN) 

Study were followed 

for 5 months to 

estimate the relative 

incidence of PCR-

positive test results 

according to baseline 

antibody and/or PCR 

results.  

 

Swab type not specified 

-6,614 (32%) participants had evidence of prior infection and 

were assigned to the positive cohort, 14,173 (68%) participants 

that had no evidence of prior infection were assigned to the 

negative cohort. 

-On follow-up, 409 new infections in the negative cohort and 44 

reinfections were identified. Of these, 22% of new infections and 

66% of reinfections were asymptomatic. 

-The incidence density was 3.3 and 17.0 for new RT-PCR positive 

infections per 100000 days follow-up. 

-The cumulative incidence for probable, possible, and all 

reinfections was 0.3, 2.3 and 6.7 per 1,000 participants, 

respectively, whereas all new infections were 22.4 per 1000 

participants. 

-Previous infection was found to have a significant protective 

effect. Considering only probable reinfections, the participants in 

the positive cohort had a very low odds of reinfection (adjusted 

OR: 0.01, 95% CI 0.00-0.03). The adjusted OR considering both 

probable and possible reinfections was 0.17 (95% CI 0.13-0.24).  

-The median interval between the historic PCR positive date or 

date of primary infection and the reinfection PCR positive date 

was 162 days (95-223) or 172 days (90-227), respectively. 

Dimeglio 

(2021) (9) 

LTE 

 

Prospective 

cohort study 

 

France 

 

Jun-Dec 2020 

Healthcare workers 

(n=8758) were 

screened for serum 

SARS-CoV-2 anti-

spike antibodies and 

neutralizing antibody 

titers after the first 

wave of epidemic 

(June/July). Serology 

was investigated over 

time and new 

infections were 

identified during 

follow-up in Nov/Dec.  

Swab type not reported 

-The median follow-up was 167 days (IQR:156-172). 

-Among the seropositive group, 1.8% (5/276) were positive at 

follow-up compared to 12.1% (1028/8482) of the seronegative 

group (p<0.01).   

-The five individuals who tested seropositive at baseline and 

then experienced infection during follow-up included two with 

low/undetectable neutralizing antibody titers after the first 

infection, and three with above-median titers.  

-The data indicate that previous infection provided protective 

immunity for at least 167 days. 

Clarke (2021) 

(17) 

Longitudinally 

screened patients 

Nasopharyngeal swab 

http://medrxiv.org/content/early/2021/01/15/2021.01.13.21249642.abstract
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciab069/6121509
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciab069/6121509
https://www.medrxiv.org/content/10.1101/2021.01.22.21249865v1
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Preprint 

 

Prospective 

cohort study 

 

UK 

 

Feb 2020-Jan 

2021 

receiving in-centre 

haemodialysis (n=356) 

for SARS-CoV-2 

seropositivity (anti-NP 

or anti-RBD 

antibodies) and RT-

PCR positivity. 

Recorded positive PCR 

test results at >60 

days following a 

positive serological 

test at baseline, to 

prevent capture of 

persistent viral 

detection rather than 

reinfection.  

-Patients with initial seropositive results were significantly less 

likely to test positive by PCR at follow up compared to patients 

that were initially seronegative: 3.4% (5/129) vs. 13.2% (30/227), 

p<0.005.  

-Immune responses to natural SARS-CoV-2 infection in 

haemodialysis patients lasted for up to 6 months, even in 

patients who had mild or asymptomatic infection.  

Dobaño (2021) 

(18) 

Preprint 

 

Prospective 

cohort study  

 

Spain 

 

Mar-Nov 2020 
 

Evaluates the 

seroprevalence and 

levels of antibodies 

149-270 days after the 

onset of symptoms in 

a cohort of 173 

primary health care 

workers with 

confirmed infection 

(via RT-PCR) at the 

first peak of the 

pandemic (March-

April 2020). Three 

venous blood 

collection time points 

between September 

and November 2020 

were used in 

assessing immunity 

and possible 

reinfection among 

these healthcare 

workers as part of a 

1.5 year long cohort 

study.  

-The percentage of seropositivity at follow-up combining RBD 

and S antigens was 60.69% for IgM, 76.30% for IgA, and 90.17% 

for IgG. 

-2.3% reinfections (4/173). Two symptomatic cases were 

seronegative prior to reinfection, one asymptomatic case was 

seropositive, and one had unknown serostatus. Reinfections 

occurred between 3-8 months post initial infection. 

-Having been admitted to hospital, presenting with fever, 

anosmia and/or hypogeusia, and previous allergies were 

associated with higher levels of antibodies during follow-up (5-9 

months later).  

-Older age, duration of symptoms, and number of symptoms 

correlated with higher IgGs.  

Graham (2021) 

(12) 

Preprint 

 

General population 

longitudinal data that 

was prospectively 

collected using the 

Swab type not reported 

-304 individuals reported two positive tests separated by more 

than 90 days, 249 of which had a symptom free period between 

https://www.researchsquare.com/article/rs-142984/v1
https://www.medrxiv.org/content/10.1101/2021.01.28.21250680v1
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Longitudinal 

surveillance 

study 

 

UK 

 

Sept-Dec 2020 

COVID Symptom 

Study app was 

combined with 

surveillance data 

from the Covid-19 UK 

Genetics Consortium 

to study rate of 

reinfection, as well as 

other COVID-19 

disease characteristics. 

Reinfection was 

defined as two RT-

PCR positive tests 

separated by more 

than 90 days with an 

asymptomatic period 

for more than seven 

days between PCR 

tests. Assessed risk of 

reinfection for the 

new variant B.1.1.7 by 

calculating the 

correlations between 

number of possible 

reinfections and the 

proportion of new 

variant cases over 

time.  

the two tests, for a rate of reinfection estimate of 0.7% (95%CI: 

0.6-0.8) (249/36,509). 

-Reinfection rate did not vary across regions or time. 

-Reinfection was more positively correlated with the overall 

regional increase in cases rather than the region increase in the 

B.1.1.7 percentage, indicating that the immunity built up from 

the initial infection may also provide protection against the 

B.1.1.7. variant. 

 

Ali (2020) (14) 

Preprint 

 

Retrospective 

Cohort 

 

Iraq 

 

May-Oct 2020 
 

To investigate the 

impact of the 

immunoglobulin (IgG) 

level on reinfection in 

recovered 

COVID-19 patients 

(n=829 patients 

admitted between 

May and Oct to a 

single center), IgG 

levels against SARS-

CoV-2 were measured 

just following recovery 

(a negative RT-PCR 

result defined as a Ct-

value >36.7) and 

patients were 

Pharyngeal swabs 

-Of the 87 patients that tested negative for IgG following initial 

recovery, 25 (28.7%) were considered reinfected, confirmed by 

positive RT-PCR result. This was higher than in the group of 742 

patients that tested positive for IgG following initial recovery 

(1/742, 0.13%). This suggests that patients with low IgG levels 

following initial infection may be more susceptible to reinfection. 

-The occurrence of reinfection in the group ranged from 26 to 

138 days after recovery from the initial infection.  

-88.5% of cases had more symptoms upon reinfection than 

initial infection, however overall severity of symptoms was not 

reported.  

-95% of cases were positive for IgG following reinfection.  

-Result are preliminary and methods were poorly described in 

this study. It is unclear if patients were enrolled and 

prospectively followed or whether reinfection status is based on 

https://www.medrxiv.org/content/10.1101/2020.11.20.20234385v1
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presumably followed 

to assess reinfection.  

medical records. Caution should be used when interpreting the 

results of this study.   

Harvey (2020) 

(10) 

 

Retrospective 

cohort study 

 

USA 

 

Jan-Aug 2020 

Analysis of a national 

sample from a de-

identified dataset 

based on commercial 

laboratory tests and 

medical claims and 

records (n= 

3 257 478). Patients 

were identified at 

baseline as either 

SARS-CoV-2 

antibody-positive or 

antibody-negative 

then assessed in 30 

day intervals (up to 

>90) for nucleic acid 

amplification test 

(NAAT) positivity.  

 

Swab type not specified 

-Seronegative patients (n=2,876,773) were followed for a median 

of 47 days (IQR: 8-88) and seropositive patients (n=378,606) 

were followed for a median of 54 days (IQR: 17-92). 

- 18.4% of patients converted from seropositive at baseline to 

seronegative during follow-up of 90 or more days after first 

antibody test. 

-Patients who were seropositive and had a NATT test during 

follow-up (n=41587) were at a decreased risk of SARS-CoV-2. 

NAAT positive: 2.7% from 31 to 60 days, 1.1% from 61 to 90 

days, and 0.3% at more than 90 days. Whereas approximately 3% 

of individuals who were seronegative had a NAAT positive test 

during each follow-up period.  

-This corresponds to a ratio of positive NAAT results among 

patients who had a positive antibody test at index vs those with 

a negative antibody test at index: 0.67 (95% CI: 0.6-0.74) at 31 to 

60 days; to 0.29 (95% CI: 0.24-0.35) at 60 to 90 days; and to 0.10 

(95% CI: 0.05-0.19) at more than 90 days. 

Breathnach 

(2021) (11) 

LTE 

 

Retrospective 

cohort study 

 

UK 

 

Feb-Dec 2020 

Analyzed laboratory 

data to compare risk 

of having a positive 

SARS-CoV-2 PCR 

assay in the second 

wave of the pandemic 

between patients who 

had evidence of 

COVID-19 (PCR 

positivity or 

seropositivity) in the 

first wave of infections 

(n=10,727) vs. patients 

who had a previous 

negative PCR or 

antibody test 

(n=55,274). Cases 

where the second 

positive result 

occurred ≤ 90 days 

from the first wave 

were excluded.  

Swab type not reported 

-Only eight patients with evidence of past COVID-19 had a 

positive PCR result during the second wave (0.07%, 8/10,727). 

PCR positivity was higher during the second wave for patients 

with no evidence of COVID-19 in the first wave (1.29%, 

713/55,274).  

-This implies a protective effect and relative risk of 0.06 (95% CI: 

0.03-0.12) for those with evidence of infection in the first wave.  

Hanrath (2020) 

(16) 

Analysis of healthcare 

worker testing data 

Nasopharyngeal and oropharyngeal swabs 

https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2776810
https://www.sciencedirect.com/science/article/pii/S0163445321000104?via%3Dihub#bib0005
https://www.sciencedirect.com/science/article/pii/S0163445321000104?via%3Dihub#bib0005
https://www.sciencedirect.com/science/article/pii/S0163445320307817?via%3Dihub#!
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Preprint 

 

Retrospective 

cohort study 

 

UK 

 

Mar-Nov 2020 

during an initial (Mar 

10-July 6, 2020) and 

following second 

wave (July 7-Nov 20, 

2020) of the 

pandemic, to address 

the question of 

whether previous 

SARS-CoV-2 infection 

was associated with 

protection. The 

primary endpoint for 

analysis was 

symptomatic SARS-

CoV-2 infection 

confirmed by RT-PCR 

during the second 

wave. Asymptomatic 

PCR screening was 

also conducted on a 

pilot basis.  

-1038 HCWs with evidence of previous infection (positive PCR 

and/or Ab) and 10,137 without (negative Ab, without positive 

PCR) were identified during the first wave. 

-During the second wave, 2243 healthcare workers underwent 

PCR testing for symptoms. 128 of which had previous confirmed 

infection and 2115 did not.  

-No reinfections were identified in those with previous infection 

(test positivity 0%) during second wave follow-up median 173 

(IQR: 162–229) days, while test positivity for those without 

previous infection was 13.7% (290/2115, 95% CI: 12.3–15.2).  

-Considering the population as a whole, test positivity was 

0/1038 (0% [95% CI: 0–0.4) for those with previous infection, 

compared to 290/10,137 (2.9% [95% CI: 2.6–3.2) for those 

without (P<0.0001). 

-Similar results were found in the asymptomatic pilot test: no 

positive results in the group with previous infection 0/106 (0%, 

95% CI: 0–3.5), compared to 22/375 (5.9%, 95% CI: 3.9–8.7, 

P = 0.011) positive PCR results in the group without previous 

infection. 

Murillo-

Zamora (2020) 

(13) 

Preprint 

 

Retrospective 

cohort 

 

Mexico 

 

Mar-Jul 2020 

RT-PCR was 

performed on samples 

from 100,432 patients.   

Reinfection was 

defined by the 

reappearance of 

COVID-19 symptoms 

at 28+ days from the 

first positive COVID-

19 test. Clinical and 

epidemiological data 

of interest were 

obtained from 

medical files and 

death certificates. 

Linear regression 

models were used to 

evaluate factors 

associated with the 

risk of severe 

symptomatic SARS-

CoV-2 reinfection. 

Nasopharyngeal or deep nasal swabs 

-258 laboratory-confirmed cases of ‘reinfection’ were identified 

(0.26%). 

-Time between first and second time episodes was 56 days (IQR: 

40-81). No significant differences were observed between 

patients with non-severe and severe primary disease. 

-When severe and non-severe second-time infections were 

compared, patients with more serious primary disease were 

more likely to develop severe symptoms (39.5% vs. 5.5%, p 

<0.001), as well as those aged 50 years old or above (52.6% vs. 

12.3%, p < 0.001). 

-In multiple analyses, factors associated with more severe 

symptomatic reinfection were increasing age, personal history of 

obesity, asthma, type 2 diabetes mellitus and chronic kidney 

disease.  

-Subjects with previous severe COVID-19 had a 20% increased 

risk of also presenting severe symptoms during secondary 

disease. 

Xu (2020) 

(15) 

COVID-19 patients 

(n=185) who had 

Pharyngeal and anal swabs 

https://www.medrxiv.org/content/10.1101/2020.10.14.20212720v1
https://www.medrxiv.org/content/10.1101/2020.10.14.20212720v1
https://www.frontiersin.org/articles/10.3389/fmed.2020.593133/full
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Retrospective 

cohort study 

 

China 

 

Jan-Apr, 2020 

undergone antibody 

testing were followed 

up every two weeks to 

assess immune 

responses (IgG and 

IgM) and reinfection 

over time. The mean 

follow-up time was 

45.7 days. 

-No reinfection or evidence of transmission occurred in any 

patient after discharge. 

-Of the 35 IgM positive cases, 12 cases turned IgM negative 

during the follow up. 

-There were 154 (82.4%) patients with positive IgG results and 33 

(17.6%) patients with negative IgG results at 53 days from 

disease onset. Compared with the IgG negative group, the IgG 

positive group patients were older, had a longer hospital stay, 

higher proportion of antibiotic use, higher proportion of severe 

cases, and higher proportion of CT abnormalities.  

LTE= letter to editor, RBD= receptor binding protein 

 

LONG-TERM (>6 MONTHS) IMMUNE RESPONSE MARKERS 

This section summarizes twenty-one studies that report immune responses measured ≥ 6 months (up to 9 

months) following SARS-CoV-2 infection in studies with >30 observations. Twenty studies reported on 

circulating antibody levels and eight studies reported on long-term immune responses linked to B-cells 

and/or T-cells. The majority of included studies (n=19) were prospective cohorts or case series that followed 

the serology of RT-PCR confirmed COVID-19 cases over time, while the remaining studies were cross-

sectional (n=3). 

Overall, there was a lot of variability across studies due to differences in study participants, COVID-19 

infection severity, frequency and duration of follow-up, investigated immune outcomes and measurement 

methods, which limit the synthesis of results across studies. Furthermore, the association between detectable 

immune response markers and protection against re-infection from both the wild-type and emerging VOC is 

largely unknown.   

 

Key outcomes from B-cell and T-cell immune responses at ≥6 months post infection (n=8): 

 Memory B cells (i.e., immune cells that produce virus targeting antibodies) and memory T cells (i.e., 

immune cells that guide cell mediated adaptive immune responses) following a natural infection likely 

confer some long-term immunity to reinfection (1, 19, 20). The viral antigen targets, activity, and 

counts of these memory cells were most frequently measured by flow cytometry cell analysis 

techniques and various assays. The variability of molecular biology techniques and the viral antigen 

markers used across studies limit the comparability of study results (17, 21-23, 23-25, 30, 32).     

 B-cells are immune cells responsible for the production of antibodies targeting SARS-CoV-2 antigens 

(1, 19, 20). B-cells can be broadly classified into antibody secreting cells (plasma cells) and memory 

cells (20). Activated plasma cells produce and secrete circulating antibodies targeting SARS-CoV-2 

antigens, while the latter do not actively secrete antibodies but retain the memory to protect against 

subsequent infections and establish long-term immunity (20).  
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 Four studies measure and report on B-cell activity alongside circulating antibodies beyond 6 months 

of infection (23-25, 30). Flow cytometry was the most frequently applied method for detecting B-cell 

specificity and activity.  

o Memory B-cells specific for S and N proteins, and RBD, viral antigens, were detected in 

participants at post-infection follow-up beyond 6 months and findings were that the cell 

counts remained stable or increased in abundance and B-cell clones expanded and matured 

(23-25, 30).  

o 80% (n=29/36) of mild to moderate COVID-19 cases had high frequencies of total memory B-

cells specific to RBD antibodies (IgG+, IgM+, or IgA+) (25) beyond 180 days post infection.   

o In a cohort of previously hospitalized COVID-19 cases B-cell percentages were reported to be 

highest among IgG and IgM antibody negative participants (range 16.1 ± 6.4 to 16.7 ± 5.5) 

compared to IgG and IgM positive individuals (range 7.2 ± 3.1 to 7.5 ± 3.8) (23). 

o A single study notes the reduction of S protein antibody secreting B-cells and an increase in 

memory B-cells targeting SARS-CoV-2 viral antigens, in both severe and mild COVID-19 cases 

(30). This study also reported SARS-CoV-2 RBD B-cells were minimally cross-reactive with other 

human coronavirus antigens (30).  

 T-cells are immune cells classified by surface receptors CD4+ or CD8+. The primary role of T-cells can 

be separated into the production of antibodies via B-cell activation (CD4+ T-cells) or the destruction 

of infected cells presenting certain antigens (CD8+ T-cells) (20, 33). Most of the included studies 

measured T-cell activity based on simulation by SARS-CoV-2 peptide sequences. The variability and/or 

the lack of detail on peptide sequences used in simulation studies limit the comparability of study 

results.   

 Six studies report on T-cell outcomes in previously infected cases beyond 6 months post infection (17, 

21-23, 25, 32). These studies isolated peripheral blood mononuclear cells from serum samples and 

analyzed T-cell activity by flow cytometry and/or the simulation of isolated cells with pools of SARS-

CoV-2 peptide sequences (i.e., amino acids that make up viral proteins).   

o T-cell responses were highly variable. Generally, the breadth and magnitude of memory T-cell 

responses increased as time from symptom onset increased and circulating IgG and IgM 

antibodies waned (21-24). 

o CD8+ T-cells were found to be less robust than CD4+ T-cell responses beyond 6 months from 

infection in some studies (21, 25, 32). CD8+ T-cell activity was detected in 50% of mild to 

moderate cases at 6-8 months post infection, while memory CD4+ T-cell activity continued to 

be detected in 92% of individuals in the same sample (25). Another study found memory CD8+ 

T-cells to have increased between 6-9 months post infection (21). 

o One study found CD8+ T-cell activity to be correlated with IgG and IgM seropositivity 

throughout the course of COVID-19 infection in a sample of severe COVID-19 infections (23).  



COVID-19 Summary of Protective Immunity      February 12, 2021 
 

  

PHAC EMERGING SCIENCE SUMMARIES 16 

  

 

 

 Key outcomes from circulating antibodies immune responses at ≥6 months post infection (n=20): 

 Humoral immunity, also called antibody mediated immunity, generally refer to circulating antibodies 

that are directed at viral antigens (1, 19, 20). Among included studies, circulating antibodies in serum 

samples were measured by antibody affinity assays, pseudovirus neutralization assays, flow cytometry, 

and other molecular biology based techniques. The range of reported antibody outcomes included 

total antibodies, neutralizing antibodies (NAb), antibody class (i.e., IgG, IgM, IgA) which were 

frequently further described by subclass (i.e., IgG1, IgG3) and/or binding affinity to SARS-CoV-2 viral 

antigens. Many studies often specified the viral antigen targets of the measured Ig antibodies, which 

include viral structural proteins: spike (S) protein, S1 or S2 subunit of the S protein, nucleocapsid (N), 

envelope (E), membrane (M) proteins, receptor binding domain (RBD) proteins, and accessory proteins 

(i.e., open reading frame (ORF) proteins).  

 Studies found SARS-CoV-2 specific antibodies to be detectable in the majority of previously infected 

individuals beyond 6 months from infection, but seroprevalence of different antibody types was 

variable. Longitudinal trends in antibody ≥ 6 months post infection across include studies are outlined 

below, by viral antigen specificity and clinical severity.   

 Neutralizing antibodies (NAb) target the SARS-CoV-2 S protein and/or the RBD to neutralize the 

binding of the virus to ACE2 receptors of potential host cells (27, 28, 34, 35). NAb were detected in ~ 

91% of mild cases at 6 months post infection (25, 29); levels remained elevated among individuals with 

severe COVID-19, in comparison to individuals with less severe disease (24, 26).  

 S protein IgG levels were consistently high and detectable across studies, and stable or elevated in 

86%-99% of those with less severe infections (18, 19, 25, 27, 27, 28, 28-30). The long-term 

maintenance of S protein IgG in serum beyond 6 months of infection appears to be reduced among 

those with severe infection (26, 36).  

 RBD IgG antibodies and S protein IgG antibodies were detected in 88-90% of mild to moderate 

COVID-19 cases, as well as among hemodialysis patients (17, 18, 25). A study quantifying the decrease 

in antibody levels between baseline and 6 months post infection in mild to moderate cases reported 

the following reductions, 15% RBD IgA, 33% RBD IgG, and 53% RBD IgM (24).  

 Multiple studies confirm the correlation between RBD Ig antibodies (all Ig classes), and the 

neutralization activity targeting SARS-CoV-2 (27, 28). This association was consistent among those 

with mild to moderate and severe infections.  

 Generally, N protein antibodies (class variable or not specified) appeared to reduce and wane 

relatively more rapidly than NAb, S protein, RBD antibodies (17, 27, 29, 30). Less than 25-50% of 

participants remained positive for N protein antibodies (class variable or not specified) beyond 6 

months after infection, and reductions do not appear to be linked to infection severity (17, 17, 27, 29-
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31). The half life of N protein IgG antibodies was estimated to range from 59-68 days (95% CI 55-90 

days), much shorter than the estimated half lives of other antibodies (25, 26). 

o A single study reports the persistence of high N protein Ig levels at approximately 5 months 

post infection to may be associated with long term effects of COVID-19, such as fatigue, 

anosmia and ageusia (22). 

 One study compared circulating antibodies between infected children and adults (37). Children had 

lower levels of antibodies against S and N proteins (Ig class of measured antibodies could not be 

identified) and the proportion of global antibodies against accessory proteins were greater and more 

stable among children than adults (37). 

Table 2: Immune responses more than 6 months after SARS-CoV-2 infection (n=21) 

STUDY  METHOD KEY OUTCOMES 

Circulating Antibody, B-cell and T-cell  Immune Responses  

Dan (2021) 

 (25) 

 

Cross-sectional 

   

USA 

Mar – Nov 2020 

Assessed protective immune 

responses, based on memory 

CD4+ T-cell, CD8+ T-cell, B-

cells, and antibody levels, 

among RT-PCR confirmed 

COVID-19 convalescent cases 

(n=188); 93% of participants 

were not hospitalized. Some 

serum samples (n=43/188) 

were collected between 6 to 8 

months after infection. ELISA, 

pseudovirus neutralizing 

antibody assays, flow 

cytometry were applied to 

detect antibodies and 

immune cell frequencies and 

activities.  

 

SARS-CoV-2 memory CD8+ 

T-cells were measured using a 

series of peptide pools 

covering the entirety of the 

SARS-CoV-2 open reading 

frames (ORFs), most common 

were S protein, M protein, N 

protein and ORF3a.  

Immune outcomes at 6-8 months post infection 

identified in the study:  

Antibody dynamics  

- S protein IgA was detectable in the majority of 

participants. 

- S protein IgG, RBD IgG titers demonstrated 

modest declines but were relatively stable.  

- The proportion of participants positive for S 

protein IgG decreased from 98% (54/55) to 

90% (36/40), from one month to 6-8 months 

post infection. 

- 88% (35/40) of participants were positive for 

RBD IgG. 

- 90% (36/40) of participants were positive for 

NAb.   

SARS-CoV-2 specific memory B-cell activity  

- Memory B-cells specific for the S protein, N 

protein, RBD, viral antigens were detected in 

almost all participants, and were more 

abundant at post-infection follow-up. 

- 80% (n=29/36) had higher frequencies of total 

(IgG+, IgM+, or IgA+) RBD memory B cells (25) 

were present at beyond 180 days post 

infection. 

SARS-CoV-2 specific memory T-cell activity  

- 70% (40/57) of participants had CD8+ T-cells at 

1 months post infection, while 50% (18/36) of 

https://science.sciencemag.org/content/early/2021/01/06/science.abf4063
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participants were positive for these cells at 

more than 6 months post infection. 

- 93% (53/57) of participants had memory CD4+ 

T-cells at 1 month post infection, while 92% of 

(33/36) of participants were positive for these 

cells at more than 6 months post infection. 

In summary, while there was heterogeneity of 

immune responses associated with circulating 

SARS-CoV-2 antibody levels, cellular immunity 

through stable memory B-cell and T-cells was 

established beyond 6 months post infection.  

Shen (2021) (23) 

 

Case series 

 

China  

 Jul- Aug 2020 

Serum samples were collected 

at multiple time points post 

admission to rehab (i.e., 0, 2 

and 4 weeks) from a group of 

previously infected 

participants (n=110) whose 

hospital discharge from acute 

SARS-CoV-2 was a minimum 

of 6 months prior. Infections 

were confirmed by RT-PCR. 

Serum IgM and IgG 

antibodies, IL6, CD3+, CD8+,  

CD4+ T-cells , NK cell and B 

cell levels were measured by 

assay and flow cytometry. 

Notable differences in the 

percentage of serum CD3+ , 

CD8+ and CD4+ T-cells , NK 

cells and B cells (no additional 

details provided), by IgM and 

IgG antibody positivity were 

confirmed by correlation 

analysis.   

 

 

- Overall, 29.1% (32/110) participants were 

positive for IgM and IgG antibodies, 34.5% 

(38/110) were only IgG positive, 36.4% (n=40) 

were negative for both IgM and IgG 

antibodies.  

- No significant differences in demographics, 

clinical presentation or co-morbid conditions 

could be identified between the antibody 

positive and negative groups.  

T-cell dynamics, 6+ months post hospitalization, 

by antibody positivity:  

- CD8+ T-cell decreased slightly over the 

sampling period.  

- CD8+ T-cell percentage was greatest (range 

from 48.6 ± 7.3 to 43.7 ± 9.7) among IgG and 

IgM antibody positive participants at all follow-

up time points. 

- CD8+ T-cell percentage was lowest (range 

from 25.5 ± 9.3 to 25.9 ± 10.1) among IgG and 

IgM antibody negative participants.  

- NK-cells increased slightly over the sampling 

period. 

- Increase in NK cells percentage was highest 

among IgG and IgM antibody negative 

participants at all follow-up points (range 

25.7 ± 6.3 to 27.1 ± 8.3), and lowest among IgG 

and IgM positive participants (range 13.7 ± 7.4 

to 15.0 ± 9.6). 

B-cell dynamics, 6+ months post hospitalization, 

based on antibody positivity:  

https://link.springer.com/article/10.1007/s00011-020-01429-8
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- B-cell levels remained stable among antibody 

positive and antibody negative participants, 

but significantly increased among IgM negative 

and IgG positive participants during follow-up 

time points.   

- B-cell percentages were highest among IgG 

and IgM antibody negative participants (range 

16.1 ± 6.4 to 16.7 ± 5.5) compared to IgG and 

IgM positive individuals (range 7.2 ± 3.1 to 

7.5 ± 3.8). 

- The authors conclude loss of IgM antibodies in 

serum led to gradual improvements in cellular 

immunity linked to NK and B-cells. 

The authors suggest serum lymphocyte 

percentages (CD3+, CD8+ and CD4+ T-cells , NK 

cells and B lymphocytes) to be correlated with 

changes in serum IgM and IgG antibody levels, but 

not related to inflammatory cytokines or the 

severity of infection (i.e. Hs-CRP or IL6), among 

previously hospitalized and recovered patients.  

Gaebler (2020) (24)  

 

Case series    

 

USA 

Apr-Oct 2020 

 

 

 

Serum samples from 

seroconverted SARS-CoV-2 

cases (n=87) were collected at 

1.3 and 6.2 months (range 

165-223 days) post infection. 

Infection and seroconversions 

were confirmed by RT-PCR, 

and 10% of the sample was 

hospitalized for infection. RBD 

IgG, IgM, IgA antibody, NAb 

levels were measured by 

ELISA and pseudovirus 

neutralization assay. B-cell 

levels and activity was 

measured by flow cytometry.  

RBD antibody levels were significantly reduced at 6 

months post infection. Overall, antibody reductions 

were inversely proportional and directly correlated 

with initial antibody levels (i.e., individuals with the 

highest antibody levels during early infection 

experienced the greatest decrease). 

- Antibody dynamics at 6 months post infection 

identified in the study:   

- RBD IgM reduced by 53% 

- RBD IgG reduced by 33%  

- RBD IgA reduced by 15% 

- NAb activity demonstrated a 5 fold 

reduction  

The number of RBD-specific memory B-cells in the 

majority of individuals remained unchanged. 

However, these cells did display maturation, varied 

clonal expansion and turnover between 1.3 to 6.2 

months post infection.  

The authors conclude the observed changed 

among memory B-cells to be suggestive of long-

term immunity, as well as the ability to mount 

https://www.nature.com/articles/s41586-021-03207-w
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rapid and effective immune responses to 

reinfection.  

Sokal (2020) (30) 

 

Case series  

 

France  

Mar 2020 

Serum samples from infected 

individuals (n=39) were 

collected at three time points, 

in the first month following 

symptom onset, at 3 months 

and 6 months post symptom 

onset. Approximately 53% 

(n=21) of the sample 

experienced severe infection.  

 

N protein, S protein, RBD IgG 

antibody levels were 

measured by ELISA. Virus 

antigen specific memory B-

cell responses were measured 

by ELISA B-cell receptor 

sequencing and flow 

cytometry.   

Immune outcomes up to 6 months post symptom 

onset  identified in the study:  

Antibody dynamics:  

- N protein IgG antibodies underwent a rapid 

decrease in both mild and severe cases. This 

reduction was more pronounced among mild 

cases, and N protein IgG titers were 

undetectable in 50% on the mildly symptomatic 

participants by 6 months. 

- S protein IgG antibodies were stable overtime, 

only 9% of mild cases had undetectable 

antibody levels at 6 months follow up. The 

antibody levels were significantly higher at 3-6 

months post infection follow-up among 

participants with severe infections.  

B-cell activity:  

- S protein and RBD specific B-cell clones, as well 

as cross-reactive B-cell clones from previous 

beta-corona virus exposures underwent 

somatic maturation and significant expansion.   

- S protein antibody secreting cells were 

marginally detectable at 6 months, at which 

time point S protein B-cells mostly resided in 

the CD21+CD27+CD38-CD71int/- resting 

memory B-cell compartment in both severe and 

mild.  

- Active B-cells remained detectable up to 6 

months post infection.  

These B-cell clones are assumed to contribute to 

long-term immunity in convalescent patients.   

Bilich (2020) (22) 

Preprint 

 

Case series    

 

Germany  

*Spring 2020 

Convalescents with mild to 

moderate infection (n=51) 

were longitudinally followed 

up at approximately 1 month 

(median 40 days; range 35-56 

days) and 5 months (median 

159 days; range 141-183 

days) post positive RT-PCR 

results. T-cell activity was 

measured by IFN-g ELISPOT 

assays and single epitope 

Antibody dynamics at approximately 5 months 

post RT-PCR results identified in the study:  

- A greater than two fold decrease in S protein 

IgG and IgA antibodies was noted among 31-

44% of participants, between the two follow-up 

time points.   

- A less than 2 fold reduction in N protein 

antibody levels were noted in 13% of 

participants up to second follow-up.  

https://www.sciencedirect.com/science/article/pii/S0092867421000933
https://www.researchsquare.com/article/rs-114499/v1
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mapping. IgG and IgA 

antibody levels were 

measured by immunoassay.  

- High N protein antibody titers, at 5 months 

post infection, were associated with higher 

prevalence of post-infection symptoms, such as 

fatigue, anosmia and ageusia.  

T-cell immune responses at 5 months post 

infection: 

- The percentage of participants with detectable 

T-cells specific to viral antigens increased from 

93% to 100% by the second follow up time 

point.  

A sub-group of T-cells targeting specific viral ORF 

derived  epitopes (HLA-DR epitopes; HLA class 1 

epitopes), associated with long-term post infection 

immunity against SARS-CoV-2, persisted among 

participants up to at 6 months post infection.  

Clarke (2021) (17) 

Preprint  

 

Prospective cohort 

 

UK 

Feb 2020 - Jan 2021  

Hemodialysis patients with 

end stage kidney disease 

were screened for SARS-CoV-

2 antibodies and the results in 

this paper are for antibodies 

at time 0 (n=356) and 6 

months (n=301). Infection 

was confirmed by PCR. N 

protein and RBD IgG 

antibodies were measured by 

CIMA and ELISA assay. T-cell 

activity was measured by 

ELISPOT assay in participants 

who had seroreverted at 6 

months (n=11).   

 

Clinical severity of infection 

among participants followed-

up at 6 months was not 

provided.    

190 were negative for N protein antibodies and 

129 were positive for N protein antibodies at time 

0. 

At 6 months samples were available for 111/129  N 

protein antibody positive group to examine long-

term immunity: 

- N protein IgG antibodies could not be 

detected in 36% (n=40) of the initially positive 

participants.  

- RBD IgG antibodies were more persistent than 

N protein IgG antibodies, 87% (n=97) of the 

initially seropositive sample remained positive 

for RBD IgG antibodies (including 70% (n=28) 

of individuals who were negative for N protein 

IgG).  

- 64% (n=71) of participants continued to be 

seropositive for N protein antibodies, but levels 

were significantly lower in comparison to initial 

screening point (p<0.0001). 

- 10% (n=12) of the initially seropositive 

participants were seronegative for RBD and N 

protein antibodies, but 80% of these 

individuals demonstrated SARS-CoV-2 antigen 

specific T-cell activity. 

 T-cell  Immune Responses  

Breton 2020 (32)  

 

Paired serum samples were 

collected from SARS-CoV-2 

positive participants (n=41), 

Compared to uninfected participants, significant 

shifts in circulating CD4+ and CD8+ T-cell 

https://www.medrxiv.org/content/10.1101/2021.01.22.21249865v1
https://rupress.org/jem/article/218/4/e20202515/211727/Persistent-cellular-immunity-to-SARS-CoV-2
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Prospective cohort  

 

USA 

Mar-Oct 2020 

who had mainly mild disease, 

up to 6 month post infection. 

Infections were confirmed by 

RT-PCR. Serum samples from 

infected participants were 

compared to uninfected 

individuals (n=20). T-cell 

phenotypes and SARS-CoV-2 

antigen specificity were 

measured by flow cytometry, 

ELISPOT and other assays.  

 

 

 

 

 

compartments which persisted for 6 months after 

SARS-CoV-2 infection, was noted. 

SARS-CoV-2 T-cell activity up to 6 months after 

infection:  

- Both CD8+ and CD4+ T-cell proportions 

returned to near physiologic levels by 6.1 

months 

- Antigen specific CD4+ T-cells that expressed 

memory markers as well as IL-2, IFN-g, TNF-a, 

CD154 and polyfunctional cytokine responses 

were markedly increased in convalescent sera, 

compared to uninfected participants; the 

relative frequency of the cells had decreased 

(22-32%) at 6.1 month follow-up. 

- CD8+ T-cells that produced Mip-1b, CD107a, 

IL-2, INF-g and TNF-a persisted at 6.1 month 

follow up, although at lower levels than 

previously measures.  

- 95-97% of previously infected participant 

serum provided evidence of antigen specific 

CD4+ and CD8+ T-cells activity at both 1.3 and 

6.1 months post infection. 

When compared to CD4+ T-cell activity at 6.1 

months, CD8+ T-cell responses were far more 

variable and generally less robust. 

Li (2020) (21) 

Preprint  

 

Cross-sectional  

 

China  

 

Apr-Sep 2020 

 

 

 

 

Convalescent COVID-19 

individuals (n=31) and 

unexposed controls (n=11) 

were included in the study; 

exposure status confirmed by 

RT-PCR. The median period 

between disease onset and 

serum collection was 169 days 

(range: 83 to 274 days). 

Analysis examined differences 

between T-cell responses in 

first 6 months and 6-9 

months post infection. 56.6% 

(17/31) of the infected cases 

were hospitalized,  

19% (6/31) were 

asymptomatic. T-cell activity 

was measured by flow 

- A proportion of T-cells weakly responded to 

viral proteins in uninfected individuals, but 

with a much lower magnitude than that 

observed among previously infected 

individuals.  

- At the time of final follow-up, 45% of 

previously infected individuals remained IgG 

positive, and 29% remained IgG and IgM 

positive. CD4+ T-cell responses were observed 

to be more robust among individuals who had 

become negative for IgG antibodies.   

- Loss of memory CD4+ and CD8+ T-cell 

responses were observed in 16.13% and 

25.81% of previously infected individuals. Loss 

of memory CD4 T-cells was more frequent in 

asymptomatic individuals.  

- CD4+ and CD8+ T-cell responses were highly 

variable. Generally, the breadth and magnitude 

https://www.biorxiv.org/content/10.1101/2020.11.15.383463v1
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cytometry, and viral S protein, 

N protein, M protein 

sequences was used for cell 

simulation.  

 

of the cell responses increased as time from 

symptom onset increased.   

T-cell dynamics, in the first 6 months post 

symptom onset, in comparison to 6-9 months post 

symptom onset:   

- Over the first 6 months post disease onset 

reductions in the magnitude of cytokine 

producing CD4+ T-cells against S protein, N 

protein, and M protein were noted. Then CD4+ 

T-cells then increased during the 6-9 months 

post infection period.  

- No change was observed in cytokine 

producing CD8+ T-cell. 

- There was a significant increase in the number 

of reactive memory CD8+ T-cell pools (i.e. the 

breath and magnitude of responses) between 

6-9 months post symptom.  

Circulating Antibody Immune Responses 

Levi (2021)  (38) 

Preprint   

 

Prospective cohort 

 

Italy  

Apr-  Aug 2020 

 

Measured changes in serum 

antibody levels over a 5 

month period in a sample of 

healthcare workers from 

multiple health care facilities 

(n=4534).  

S protein (S1 and S2) specific 

IgG levels were measured by 

assays (IgG ≥ 12 AU/mL set as 

a threshold). Of the HCWs 

with IgG levels above 

threshold, 14% (n=91/613) 

were asymptomatic. Factors 

associated with antibody 

dynamics were identified 

through logistic regression 

analysis.   

- IgG levels were found to be higher among 

HCWs that had symptomatic COVID-19, when 

compared to asymptomatic and 

paucisymptomatic HCWs.  

- The symptoms reported to be associated with 

sustained and increased IgG levels at 5 months 

included fever, cough, muscle pain, asthenia, 

tachycardia and anosmia/dysgeusia.  

- Regression analysis only found those 

presenting with anosmia/dysgeusia (OR 2.75, 

95% CI 1.753 – 4.301) to be significantly 

associated with IgG maintenance.  

Note: Study results may be biased as increases in 

HCW antibody levels were noted in regions most 

impacted by SARS-CoV-2, and reduced in regions 

least impacted (i.e., antibody levels could be 

increasing because of re-infections).   

Dobaño  (2021) (18) 

Preprint   

 

Prospective cohort 

 

Spain  

Evaluated antibody levels and 

seropositivity in a sample of 

primary health care workers 

(n=173), 149-270 days after 

symptom onset; serum 

samples were collected at 

three time points. Infections 

were confirmed by PCR. 

Antibody dynamics approximately 5-9 months 

after symptom onset, identified in the study:  

- 92.49% of participants were positive for at 

least one immunoglobulin isotype, indicative 

of highly stable and persistent immunity.  

- 60% of participants were positive for RBD and 

S protein IgM, 76.30% for RBD and S protein 

https://www.medrxiv.org/content/10.1101/2021.02.05.21251219v1
https://www.researchsquare.com/article/rs-142984/v1
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Mar-Dec 2020  

 

The majority of the sample 

was mild to moderate cases, 

and 14% were hospitalized. 

Levels of S protein and RBD 

IgM, IgA and IgG antibodies 

were measured by assay (not 

specified). Factors associated 

with higher levels of 

antibodies were identified by 

stepwise multivariable 

regression analyses. 

IgA, and 90.17% for RBD and S protein IgG 

antibodies.  

- Factors associated with higher levels of 

antibodies at follow-up were hospital 

admission, fever, anosmia and/or hypogeusia, 

and previous allergies.   

Wagner (2020) (28) 

Preprint 

 

Prospective cohort 

 

 

Austria  

Apr – Oct 2020 

A large seroprevelance study 

(n=1655) identified 

individuals with positive S 

protein IgG and/or IgA 

antibodies (n=168). Only 42% 

of participants reported 

experiencing symptoms 

compatible with infection in 

the 3 months prior to 

recruitment.  

Serum samples of 

seropositive individuals were 

collected at 3 and 6 months 

post initial test results 

(n=1292/1655). S1 subunit of 

S protein, N protein, RBD 

antibodies, and NAb 

antibodies were detected 

through serological assays.  

 

Antibody dynamics at 6 months post initial 

seropositive test results, identified in the study:  

- S1 IgG levels, which suggest exposure rather 

than protective immunity persisted in 90% of 

(9/10) the seropositive cases.   

- N protein IgG was no longer detectable in 

55.5% of the sample.  

- RBD IgM had decreased at 3 months (from 

initial seropositive results) in 53.3% of the 

sample, but remained stable from 3 to 6 

months.  

- 50% of the initially RBD IgM as well as N 

protein IgG seropositive at baseline were 

seronegative at 6 months. 

- S1 protein IgA was decreased at 6 months 

compared to baseline.  

- RBD total antibodies correlated best with NAb 

(a surrogate marker for protection from the 

virus) and both were maintained at 6 months.   

- RBD antibody levels were found to be 

independent of infection attributed symptoms 

and severity. 

- The authors concluded RBD antibody specific 

assays can reliably detect SARS-CoV-2 specific 

antibodies for at least six months following 

infection.  

Zhou (2020) 

(36) 

 

 

Prospective cohort 

S protein IgM and IgG 

antibody levels were tested in 

convalescent serum samples 

of convalescent COVID-19 

participants (n=165). All 

participants had been 

Antibody dynamics up to 7 months post initial 

hospitalization event, identified in the study:  

- S protein IgM decreased after peaking around 

22-28 days of; 79% of individuals were 

https://www.medrxiv.org/content/10.1101/2020.12.22.20248604v1
https://onlinelibrary.wiley.com/doi/abs/10.1002/jmv.26741
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China  

Spring 2020* 

hospitalized and infections 

confirmed by RT-PCR. ELISA 

was used to measure 

antibody levels in serum 

samples.  

All samples were collected 

between day 1 through 7 

months from symptom onset, 

28 serum samples informed 

the 7 month post infection 

data point.  

negative for these antibodies at 7 months post 

infection.  

- S protein IgG levels increased from day 1 to 28 

with peak levels being maintained up to 4 

months post symptom onset, but dropped 

sharply at 7 months.  

 

Vanshylla (2021) (39) 

Preprint   

 

Prospective cohort 

 

Germany  

Apr- Dec 2020 

 

 

Antibody levels in a sample of 

recovered individuals 

(n=131/963), detected in 

serum samples collected up 

to 10 months post symptom 

onset or confirmatory 

diagnosis; 41.8% of the 

convalescent COVID-19 

individuals had been 

hospitalized and  infection 

confirmed by RT-PCR. NAb 

and S protein IgG levels were 

measured by multiple assays, 

and inform linear regression 

mixed effects modeling 

estimates antibody half-lives. 

Antibody dynamics 4-10 months post symptom 

onset or confirmatory diagnosis, identified in the 

study:  

- S protein IgG levels decreased between 1-4 

months post infection, then were constant for 

the remaining months of follow-up.  

- 73% of individuals were positive for S1 IgG at 

9-10 months post infection, a 13% reduction 

from 1 month post infection.   

- Half-life of S protein IgG estimated to be 8.7 

months. 

NAb levels and activity were found to decrease 

rapidly over the initial two months post infection, 

but neutralizing functions of purified IgG 

antibodies, including against the S protein, were 

maintained up to seven months post infection. 

These results suggest a more stable and long-term 

memory IgG B cell repertoire and stable levels of 

IgG in the majority of individuals recovered from 

infection.  

Whitcombe (2020) 

(27) 

Preprint  

 

Case series  

 

New Zealand  

Spring 2020*  

Serum samples from RT-PCR 

confirmed convalescent 

COVID-19 individuals who 

had mild/moderate disease 

(n=112) was collected, 80/189 

serum samples from 50 

participants had multiple 

samples and informed the 4-8 

months post-infection onset 

time points. Samples were 

assayed to identify IgG, IgM 

and IgA antibodies and 

Antibody dynamics 4-8 months post infection 

onset compared to baseline levels, identified:  

- 99% (79/80) of participants had anti-RBD IgG 

and 96% (77/80) had anti-S protein IgG.  

- RBD 64% (51/80), S protein IgG1 antibodies 

59% (47/80) and IgG3 S protein antibodies 

60% (48/80) persisted. 

- <30% of participants remained positive for N 

protein antibodies, which waned quickly.  

https://www.biorxiv.org/node/1753983.abstract
https://www.medrxiv.org/content/10.1101/2020.12.10.20246751v1
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subclasses (IgG1, 2, 3 and 4) 

specific to N protein, S 

protein, and RBD, as well as 

neutralizing antibodies (NAbs) 

by an in-house Triplex assay.  

- 90% (72/80) NAbs were detectable. Across the 

study these were relatively stable and 

correlated with RBD IgA (Pearson’s r ≥ 0.87). 

Using paired serum samples (n=50 participants) 

the rate of decay for Nabs to halve was estimated 

to be 146 days (95% CI: 100-199), which is 

considerably shorter than the exponential decay 

(625 days) or growth-decay (425 days) models 

predicted. 

Han (2021) (40) 

Preprint 

 

Prospective Cohort 

 

 

China  

Dec 2019 – Mar 2020 

Acute and convalescent 

plasma of RT-PCR confirmed 

severe COVID-19 individuals 

was tested for RBD, S protein 

and N protein IgG (n-=104). 

Follow up was approximately 

6-7 months (median 195 days; 

range 188-201 day) post 

infection. Serum samples 

from 31 healthy controls with 

no follow-up also included.  

Ab levels measured by ELISA 

and micro neutralization 

assay. Correlations between 

convalescent antibody levels 

and virus neutralization 

activity estimated by ANOVA.  

Antibody dynamics approximately 6-7 months 

after symptom onset:  

- All measured viral antigen specific antibodies 

were significantly higher among infected cases 

at both acute and convalescent time points, 

when compared to healthy controls.  

- Viral antigen specific antibodies were not 

significantly different based on participant age 

or gender.   

- RBD and N protein IgG levels were significantly 

lower from the acute to convalescent time 

points (p<0.000); no significant reductions in S 

protein IgG levels.  

- Median reductions between acute and 

convalescent serum estimated at 15.90% (IQR, 

7.83 to 30.91%) for S protein IgG, 51.63% (IQR, 

31.25 to 66.30%) N protein IgG, and 58.98% 

(IQR, 48.15 to 68.25%) RBD IgG,  

- Significant (p<0.0001) and strong correlations 

between virus neutralization activity and NAb 

levels with RBD IgG levels; significant 

(p<0.0001) and moderate correlations 

between RBD and N protein IgG levels were 

noted in convalescent sera.  

Choe (2021) (29) 

 

Cross-sectional   

 

South Korea  

Feb – Oct  2020  

 

Serum samples from RT-PCR 

confirmed COVID-19 

individuals (n=58), 7 

asymptomatic and 51 mildly 

symptomatic participants 

were collected 8 months post 

infection. Antibody levels 

were investigated using 

multiple immunoassays.  

Antibody dynamics 8 months post infection:  

- 91.4% of participants remained positive for N 

protein Ig antibodies 

- 25.9% of participants positive for N protein IgG 

- 86% participants positive for S protein IgG 

antibodies, and 69% participants positive for S1 

protein IgG antibodies   

- 53.4% of participant sera demonstrated 

positive NAb activity   

https://insight.jci.org/articles/view/146267
https://wwwnc.cdc.gov/eid/article/27/3/20-4543_article
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The detection of antibodies was confirmed to vary 

by applied immunoassay methods.   

Zhang (2020) (31)  

 

Case series   

 

China  

Jan – July 2020 

 

Serum samples from 

convalescent COVID-19 

participants were (n=54/112) 

collected between 158-194 

days post symptom onset, 

and compared to antibody 

levels during the acute 

infection phase. Infections 

among all participants were 

confirmed by RT-PCR, 77.7% 

were mild cases and 22.3% 

were severe. N protein and 

RBD IgG and IgM antibody 

levels were measured by 

ELISA.  

Antibody dynamics approximately 5-6 months 

post symptom onset :  

-  All participants were positive for N protein 

antibodies (Ig class not specified), antibody 

levels had decreased when compared to their 

acute infection titers. Both mild (median 

46.31% (IQR 5.37%–68.96%) and severe 

(median 46.02% (IQR 11.01%–65.75%) infection 

groups experienced similar reductions in N 

protein antibody titres.  

 

Kwada (2020) (41) 

Preprint  

 

Case series  

 

Japan  

Apr – Nov 2020 

Serum samples from 

seropositive HCWs from a 

hospital outbreak, 42/45 were 

RT-PCR confirmed and 

severity not reported, were 

followed-up on a monthly 

basis up to seven months 

post diagnosis (n=45). Total 

Ig N protein and S protein 

antibody levels were 

measured up to 7 months 

post infection (n=45).  

Antibody dynamics approximately 7 months post 

infection diagnosis:  

- 33% (n=15) N protein Ig levels significantly 

increased and was maintained, 33% (n=16) 

these antibodies initially increased and 

declined, 31% (n=14) antibodies increased 

modestly and persisted.  

- Individuals with high and maintained Ig N 

protein antibodies also had higher levels of S 

protein antibody at 7 months post diagnosis. 

Levels of N protein antibodies showed no 

apparent correlation with either COVID-19 

contact or symptoms.  

- Authors suggest N protein pan Ig levels may 

not be related to disease recovery.  

Dehgani-Mobaraki 

(2020) (42) 

Preprint  

 

Prospective cohort 

 

Italy  

Mar – Nov 2020 

 

 

Serum samples were collected 

from RT-PCR confirmed 

COVID-19 participants 

(n=30/114) 1 month to 8 

months after diagnosis up to 

5 time points. Blood samples 

collected at multiple time 

points were assayed to 

measure antibody. Target viral 

antigens are not specified. 

Individuals with mild (n=17) 

and moderate to severe 

IgG antibody persistency was demonstrated in 76.7 

% of the subjects (n=23/30) at 8 months post 

diagnosis. Generally, IgG antibody levels were 

more elevated from baseline levels among 

moderate to severe cases, when compared to mild 

cases.  

Antibody dynamics up to 8 months post infection 

identified in the study:  

In mild cases at 1 vs. 8 months post diagnosis: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7754696/
https://www.medrxiv.org/content/10.1101/2021.02.05.21251208v1.full.pdf
https://www.medrxiv.org/content/10.1101/2020.11.21.20236117v2.full.pdf
https://www.medrxiv.org/content/10.1101/2020.11.21.20236117v2.full.pdf
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 infection (n=13) were equally 

represented in the study 

sample. 

 

 

- IgM levels significantly (p-value <0.001) 

decreased from 0.50 (0.46-0.52) to 0.21 (0.18-

0.35).  

- IgG levels increased from 1.84 (0.68-3.54) to 

3.13 (1.05-3.66).  

In moderate-severe cases at 1 vs. 8 months post 

diagnosis: 

-  IgM levels significantly reduced from 0.64 

(0.64-1.07) to 0.54 (0.25-0.81).  

- IgG levels 2.37 (1.14-20.7) remained persistent 

1.89 (0.83-8.53). 

Pradenas (2020) (26) 

 

Prospective Cohort 

 

Spain 

Apr – Oct 2020  

 

 

 

Serum samples were collected 

at time of diagnosis, 3 and 6 

month from 210 COVID-19 

RT-PCR confirmed cases (106 

mild, 104 hospitalized). Only 

28/210 participants contribute 

to the longitudinal data.   

RBD, S protein S2, N protein 

IgG antibody, as well as NAb 

levels, were measured by 

ELISA and pseudovirus assay.  

Antibody dynamics, up to 6 months post symptom 

onset/diagnosis identified in the study:  

- Beyond 30 days since infection onset, the half-

life for RBD IgG 86 days, S protein S2 IgG 108 

days, N protein IgG 59 days were estimated.  

- NAb antibody levels in participants that had a 

mild or asymptomatic infection developed a 10 

fold lower maximal neutralization titer than 

severe cases, but remained steady with 

insignificant decay up to 6 months.  

- Compared to the mild or asymptomatic, 

hospitalized participants had higher NAb titers 

though to end of follow-up. These antibody 

levels underwent an initial rapid decline that 

slowed and stabilized after 80 days.  

- The authors, based on assumed NAb activity 

threshold of 1:250 to prevent reinfection, 

suggest hospitalized participants have a higher 

capacity for long-term neutralization and 

preventing infection. 

Hachim (2021) 

(37) 

Preprint  

 

Prospective cohort 

 

Hong Kong  

Apr – Nov 2020 

 

 

Serum samples from infected 

children (n=122) and adults 

(n=36) were compared to 

samples from never infected 

participants (n=33); infections 

were confirmed by RT-PCR. 

36% of the samples and 25% 

of adult samples were from 

asymptomatic COVID-19. 

Children serum samples 

ranged from 0-206 days post 

symptom onset (mean+/-

-  The model of specific antibodies in pediatric 

samples (n=58/122) up to 6 months indicates 

antibodies to both structural proteins (S1, S2, 

S2’, M, E and N) and non-structural proteins 

(NSP1, ORF3a, ORF3b and ORF7a ORF6, ORF8 

and ORF10) are stable or increased. 

- Antibodies specific to accessory protein ORF7b 

antibody were significantly reduced. 

https://www.sciencedirect.com/science/article/pii/S2666634021000350
https://www.medrxiv.org/content/10.1101/2021.01.03.21249180v2.full
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stdev: 39±47 days) and the 

adult samples ranged from 

24-123 days post symptom 

onset (mean±stdev: 54±20 

days).  

Long-term follow-up included 

58/122 up to 206 days post 

symptom onset and only 

16/122 had data points 

between 4 to 6 months post 

symptom onset and informed 

a linear mixed effect model.  

Serum samples underwent 

LIPS and ELISA assay 

targeting S protein, S1, S2 

subunits, N protein, E protein, 

M protein, as well as 

antibodies specific to non-

structural and accessory 

proteins, NSP1 and ORF 

proteins were measured.  

ELISA = enzyme linked immunoassay, E protein = envelope, Ig= Immunoglobulin antibodies, LTE= letter, LIPS 

= luciferase immunoprecipiation system assay, M protein = membrane, NAb = neutralizing antibodies, N 

protein = nucleocapsid, ORF = open reading frame, S = spike protein, RBD= receptor binding domain 

 

VARIANTS OF CONCERN AND IMMUNITY 

Variants of SARS-CoV-2 have acquired mutations, which occurs frequently and often does not change the 

characteristics of the virus. However, at times mutations are acquired that change the epidemiology and/or 

virulence of the virus (e.g. changes in transmission, severity or mortality or disease, immune evasion or affects 

diagnostic testing).  Recently several variants of concern have been identified, as of February 2021 those 

include: B.1.1.7 (43), B.1.351 (44) and P.1 or P.2 (45):  

 B.1.1.7 aka VOC 202012/01 aka 201/501Y.V1 aka Kent variant first reported in the UK has been 

reported to have increased transmissibility and maybe severity. Reported in many countries. 

 B.1.351 aka 501Y.V2 aka 20H7501Y.V2 first reported in South Africa has been reported to cause higher 

transmission, viral loads and immune escape. The combination of E484K, K417N and N501Y mutations 

results in higher binding affinity. This variant has been reported in many countries, but has not spread 

to the same extent as B.1.1.7 as of February 2021. 
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 P.1 aka B.1.1.28.1 and P.2 aka B.1.1.28.2 (and maybe B.1.1.33) aka 20J/501Y.V3 have been primarily 

circulated in Brazil. The key mutations are similar to B.1.351: K417T, E484K, N501Y.  This variant has 

been reported in several counties including Canada and its epidemiology is currently unclear. No 

relevant studies were identified on this variant.   

Studies on immunity against variants of concern were included in this section of the review, due to the 

preliminary nature of this research, no restrictions on study design or number of observations were placed on 

included studies. Ten preliminary in vitro experiments that looked at whether neutralizing antibodies from 

convalescent COVID-19 individuals or individuals who received one or two doses of a COVID-19 vaccine were 

effective against B.1.1.7 or B.1.351 were identified.  

 Across studies, B.1.1.7 was reported to be neutralized with similar or slightly reduced efficacy 

compared to wild-type SARS-CoV-2 by both convalescent and vaccinated sera, with stronger 

neutralization following the second dose of vaccine (46-48). Weaker neutralizing of B.1.1.7 response 

was seen for those who one had one dose of vaccine compared to two doses (49).  

 For B.1.351, studies note this variant evaded neutralization in a high proportion of samples from both 

convalescent and vaccinated sera (50-52). A single study also shows that vaccination of convalescent 

individuals resulted in an increase in neutralizing antibodies, however neutralization of B.1.351 was still 

lower than the wild-type SARS-CoV-2 (53). Thus, there is some evidence from neutralization 

experiments that immunity from wild-type SARS-CoV-2 may not be effective against B.1.351. The 

impact of B.1.351 immune evasion has yet to be established.  

Table 3: Data on convalescent or vaccine immunity against variants of concern (N=10) 

STUDY  METHOD KEY OUTCOMES 

B.1.351 

Wibmer (2020)  

(52) 

 

In vitro 

experiment 

 

NA 

Jan 2021* 

Neutralization and binding of non-

neutralizing antibodies against 

B.1.351 were evaluated using 

convalescent serum (n=44) from 

both severe (n=14) and 

mild/moderate (n=30) cases. The 

study also explores the evasion of 

B.1.351 from specific antibodies in 

neutralization assays. 

 

- Convalescent plasma was used to evaluate 

neutralizing activity of B.1.351.   

- Individuals reporting more severe SARS-CoV-2 

had higher neutralizing antibody titres s average 

ID50 titre 4212 (n=14) vs. average ID50 titre 488 

(n=30) mild/moderate cases against wild-type 

SARS-CoV-2. 

- The same samples assessed against B.1.351 

showed no detectable neutralization activity in 

48% (21/44), with only three samples (7%) 

retaining titres of ID50 >400.   

- They also show against B.1.351 non-neutralizing 

antibodies were able to bind to the RBD with a 

small proportion, 32% (14/44), experiencing a 5-

fold reduction. 

- The mutation E484K has been shown to reduce 

neutralization sensitivity. This has implications 

https://www.nature.com/articles/s41591-021-01285-x
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for rates of reinfections and vaccine 

effectiveness. 

Stamatatos 

(2021) (53) 

preprint 

 

In vitro 

experiment 

 

USA* 

Jan 2021* 

We collected blood and isolated 

serum and PBMC from persons 

with previously 

confirmed SARS-CoV-2 infection 

(n=10) who later received a single 

dose of either the 

Pfizer/BioNTech or Moderna 

mRNA vaccine. 

- Before immunization 9/10 convalescent serum 

neutralized wild-type and 5/10 for B.1.351.  

- After immunization there was a 50-fold increase 

in binding signal, but binding was significantly 

lower from B.1.351. 

- Neutralizing potency of several specific 

antibodies were also evaluated with varying 

results across antibodies. B.1.351 virus was more 

resistant to neutralizing antibodies. 

Cele (2021) 

(54) 

Preprint 

 

In vitro 

experiment 

 

South Africa* 

Jan 2021* 

Using 6 convalescent plasma 

samples collected in the first wave 

(up to August). 

A focus forming 

microneutralization assay was used 

to quantify neutralization.  

- Using convalescent plasma from the first wave 

of COVID-19 the decrease in neutralization 

ranged from 6-200 fold. 

B.1.351 and B.1.1.7 or combinations of their mutations 

Collier (2021) 

(51) 

preprint 

 

In vitro 

experiment 

 

UK* 

Jan 2021* 

Neutralising antibody responses 

following a single immunization of 

BNT162b2 vaccine was evaluated. 

Serum and peripheral blood 

mononuclear cells samples were 

collected 3 weeks post vaccination 

from 24 participants median age 

82. Pseudoviruses expressing the 

wild-type Spike protein, the 8 

mutations found in the B.1.1.7 

Spike protein or with the addition 

of E484K mutation were used for 

these experiments.  

- Antibody response was heterogeneous with 

almost 100-fold variation in IgG titres to S and 

Spike RBD across the 24 vaccinated participants. 

- Pseudovirus bearing S protein with the full set of 

mutations present in the B.1.1.7 variant (i.e., 

H69/V70, 144, N501Y, A570D, P681H, T716I, 

S982A, D1118H) did result in small reduction in 

neutralisation by sera from vaccinated 

participants. 

- Adding in the E484K mutation (found in B.1.351 

variant) resulted in a significant loss of 

neutralising activity compared with wild type 

and B.1.1.7; mean fold change for the E484K 

B.1.1.7 Spike was 9.6 compared to 2.4 for B.1.1.7 

alone (p<0.05) 

Wang (2021) 

(50) 

 

Antibody and memory B cell 

responses in a cohort of 20 

volunteers who received either the 

Moderna (mRNA-1273) or Pfizer-

- 8 weeks after the second vaccine injection 

volunteers showed high levels of IgM, and IgG 

anti-SARS-CoV-2 spike protein (S) and receptor 

binding domain (RBD) binding titers. 

https://www.medrxiv.org/content/10.1101/2021.02.05.21251182v1
https://www.medrxiv.org/content/10.1101/2021.02.05.21251182v1
https://www.medrxiv.org/content/10.1101/2021.01.26.21250224v1
https://www.medrxiv.org/content/10.1101/2021.01.19.21249840v3
https://www.nature.com/articles/s41586-021-03324-6
https://www.nature.com/articles/s41586-021-03324-6
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In vitro 

experiment 

 

USA* 

Jan 2021* 

 

BioNTech (BNT162b2) vaccines is 

investigated.   

Vaccine sera neutralizing activity 

against variants with E484K or 

N501Y or the K417N:E484K:N501Y 

mutations were investigated. As 

well as the individual neutralizing 

activity against 17 of the most 

potent antibodies. 

- The plasma neutralizing activity, and the relative 

numbers of RBD-specific memory B cells in 

vaccinated individuals were equivalent to 

individuals who recovered from natural 

infection. 

- The activity against SARS-CoV-2 variants 

encoding E484K or N501Y or the 

K417N:E484K:N501Y combination was reduced 

by a small but significant margin. 

- Neutralization by 14 of 17 of the most potent 

antibodies tested was either reduced or 

abolished by the variants. 

Wang (2021) 

(55) 

Preprint 

 

In vitro 

experiment 

 

USA* 

Feb 2021* 

 

20 convalescent sera from more 

than one month post SARS-CoV-2 

infection were collected in Spring 

2020. 10 had severe COVID-19, 10 

were not severe. 

12 vaccinated sera (Moderna, 2 

doses with sera collected at day 

42.) 

10 vaccinated sera (Pfizer, 2 doses 

with sera collected on day 28) 

Pseudoviruses were developed to 

represent the wild type SARS-CoV-

2, B.1.1.7 and B.1.351  

- Compared to the wild type neutralization was 

lower. 

-  No substantial loss in convalescent sera, 

Moderna and Pfizer against B.1.1.7.  

- 9.4 fold lower in convalescent sera, 12.4 fold 

lower for Moderna and 10.5 fold lower for Pfizer 

against B.1.351. 

- Loss of potency was 16/20 for B.1.351 and 

activity was maintained for B.1.1.7 

pseudoviruses. 

B.1.1.7 

Muik (2021) 

(47) 

 

In vitro 

experiment 

 

UK* 

Jan 2021* 

Using sera immune sera from 40 

people 23-73 years old 7-21 days 

post 2nd dose of vaccine 

BNT162b2, the authors evaluated 

whether the B.1.1.7 spike interferes 

with antibody binding using 

neutralization assays. 

Based studies of antibody 

correlates of disease protection for 

influenza virus vaccines, a 20% 

reduced titer does not indicate a 

biologically significant change in 

neutralization activity. 

- The immune sera had slightly reduced but 

overall largely preserved neutralizing titers 

against the B.1.1.7 lineage pseudovirus. These 

data indicate that the B.1.1.7 lineage will not 

escape BNT162b2-mediated protection. 

Edara (2021) 

(48) 

Preprint 

Blood samples collected from 20 

COVID-19 cases (8-24 days post 

symptom onset), convalescent 

COVID-19 individuals (30-90 days 

- Neutralization titers correlated between the 

EHC-83E and B.1.1.7 variants across acutely 

infected COVID-19 patients (R2 =0.7971; 

p<0.0001), convalescent COVID-19 individuals 

https://www.nature.com/articles/s41586-021-03398-2
https://science.sciencemag.org/content/early/2021/01/28/science.abg6105
https://www.medrxiv.org/content/10.1101/2021.02.02.21250799v1
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In vitro 

experiment 

 

USA* 

Jan 2021* 

PSO) and 14 vaccinated (2 doses of 

mRNA-1273 vaccine) were tested 

for neutralizing antibody response 

against a panel of SARS-CoV-2 

variants including D614G and 

B.1.1.7. 

(R2= 0.8092; p<0.0001), and mRNA1273 

vaccinated individuals (R2= 0.7639; p= 0.0027). 

- The neutralizing antibodies from COVID-19 

cases and vaccinated individuals were effective 

against B.1.1.7. 

Shen (2021) 

(49) 

Preprint 

 

In vitro 

experiment 

 

USA* 

Jan 2021* 

Sera (n=40) of those vaccinated 

mRNA-1273, Moderna collected at 

day 29 post first dose and 28 days 

post second dose. Sera (n=28) 

from Novavax trial were collected 

at random times >2 weeks post 

second dose. Convalescent sera 

(n=15) were from an observational 

study that collected samples 

between 1-8 weeks post resolution 

of symptoms or 2-10 post last 

positive test and were preselected 

to represent high, medium and 

low neutralization titres. 

Pseudotyped viruses were 

developed for several SARS-CoV-2 

isolates including B.1.1.7 and 

evaluated using neutralization 

assays. 

- The B.1.1.7 variant was neutralized by all vaccine 

sera, although with modestly diminished 

susceptibility compared to the D614G variant. 

- The same was seen for convalescent sera, 

however the decrease was less than for vaccine 

sera. 

- Sera with weaker neutralizing activity exhibited a 

reduction in activity against B.1.1.7.  Most of the 

weak neutralizing activity against B.1.1.7 was 

post first dose of vaccine and the decreased 

activity against B.1.1.7 was less after the second 

dose of vaccine. 

- B.1.1.7 exhibited partial and modest escape 

from specific antibodies; COVA1-18, COVA2-15, 

S309 and B38; and DH1042 and H4, respectively.  

Rees-Spear 

(2021) (46) 

preprint 

 

In vitro 

experiment 

 

UK* 

Jan 2021* 

Neutralization of a series of 

mutated spike pseudotypes 

including B.1.1.7 were evaluated 

with a panel of antibodies and 36 

convalescent COVID-19 serum 

samples.   

- Most convalescent samples neutralized B.1.1.7, 

however potency was reduced in 3/36 samples 

by 5-10 fold. 

- Serum samples form those who had severe 

COVID-19 showed more resilience compared to 

those with mild COVID-19, 56% of whom 

showed a 3-fold drop in potency against at least 

one mutant. 

- Neutralization activity of some spike-specific 

monoclonal antibodies was dramatically 

reduced by B.1.1.7 and other Spike mutations. 

*Date or locations is based on publication date or author affiliations. 

 

REVIEW LITERATURE 

https://www.biorxiv.org/content/10.1101/2021.01.27.428516v2
https://www.biorxiv.org/content/10.1101/2021.01.15.426849v1#:~:text=The%20analyses%20of%20a%20panel,against%20most%20mutated%20Spike%20pseudotypes.
https://www.biorxiv.org/content/10.1101/2021.01.15.426849v1#:~:text=The%20analyses%20of%20a%20panel,against%20most%20mutated%20Spike%20pseudotypes.
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The systematic review identified offer summaries of what was known in June and September 2020.  As such 

the studies included in these review include early research on relevant immune outcomes <6 months from 

initial COVID-19. 

Table 4: Systematic reviews and rapid reviews relevant to immunity (n=3) 

STUDY  METHOD KEY OUTCOMES 

Poland (2020) 

(1)  

 

Review 

 

NA 

Oct 2020*  

This review discusses 

what was known 

about human humoral 

and cellular immune 

responses to SARS-

CoV-2 as of the 

search date Sept 24, 

2020. 

- The article reviews humoral and cellular immunity and 

presents some data on kinetics and durability of antibody 

response and correlation with T-cell response.  Many 

inconsistencies were noted in the initial research. 

- Knowledge gaps include high-quality studies on duration of 

protection by neutralizing antibodies and a good 

understanding of how the immunological measures being 

used correlate to protection. 

Post (2020) 

(19) 

Systematic 

review 

 

NA  

Jun 2020 

A systematic review 

on antibody response 

to SARS-CoV-2 with a 

search date of June 

26, 2020. 150 papers 

were included.  

Inclusion criteria 

included follow-up of 

greater than 28 days 

and measured 

antibody titres. 

 

High variability across 

includes studies and 

study designs was 

reported by the 

author. 

 

See appendix 2 for a 

figure on antibody 

kinetics over time. 

- Inconsistency in antibody correlates were seen across the 

literature. 

- IgM (seroconversion 4-14d, peak 2-5 weeks and declining to 

undetectable levels around 6 weeks) was consistently 

detected before IgG.  

- IgG (seroconversion 12-15 d, peak 3-7 weeks, plateaued until 

at least 8 weeks with longest follow-up of 12 weeks still 

detecting antibodies).  

- IgA infrequently studied showed seroconversion between 4-

11 days, with outliers reporting 24 days. 

- Neutralizing antibodies detected 7-15 days after symptom 

onset, peaking 14-22 days and then declining over 6 weeks. 

AT 39 days one study had 79% of participants with low 

neutralizing antibody titres, 3% with high titres. Mild cases 

had lower neutralizing antibodies. 

- Animal studies show promising initial results for protective 

immunity; however studies were small and short in duration. 

There are studies that have demonstrated correlations with 

disease severity. An inverse relationship with viral load has been 

inconsistently reported and no association with re-detection was 

reported. Studies cannot speak to lasting immunity. 

Shrotri (2021) 

(33) 

 

Systematic 

Review  

 

NA  

Jun 2020 

A systematic review 

that critically 

evaluates and 

synthesises published 

and pre-print 

literature from Jan 

2020-Jun 26 2020 on 

T-cell mediated 

- Symptomatic adult cases consistently show a reduction in 

peripheral T cell counts in the acute infection phase, which 

positively correlates with increased disease severity, duration 

of RNA positivity, and non-survival. The observed relative 

reductions in CD4+ and CD8+ T cell were variable.  

- Asymptomatic and paediatric cases display preserved T-cell 

counts.  

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)32137-1/fulltext
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0244126
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0245532
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 immunity post SARS-

CoV-2 infection.  

61 publications 

included in the review.  

- Severe or critical COVID-19 cases developed more robust, 

virus-specific T-cell responses. Elevated levels of pro-

inflammatory cytokines, interleukin-6 (IL-6), to lesser degree, 

interleukin-10 (IL-10), and tumour necrosis factor alpha (TNF-

α) were identified in severe cases.  

- Longitudinal follow-up (14-44 days post infection) suggested 

recovery of T-cell subset counts alongside clinical recovery 

and viral clearance.  

- T-cell memory and effector function in early convalescents 

(up to approximately 3 months post onset) was 

demonstrated against viral antigens S, M and N proteins. T 

cell response breath and magnitude were generally enhanced 

among individuals recovering from sever infections. Cytokine 

producing activity of CD 8+ T cells specific to M and N 

proteins displayed wider functionality than those targeting S 

proteins among individuals with mild disease.  CD3+ T cells 

were reduced in severe infections.    

- Cross-reactive T-cells among unexposed or individuals 

previously exposed to other coronaviruses (e.g., pre-

pandemic seasonal corona virus strains, SARS-CoV-1) were 

often identified and appear long-term; in some cases 

maintained up to 17 years post infection. Cross-reactive T-

cells targeting viral S protein and N proteins were the 

identified cross-reactive immune cells. The impact of cross-

reactivity on SARS-CoV-2 infections remains largely unclear, 

but assumed to be low due to variability in coronavirus 

epitopes. 

Methods: 

A daily scan of the literature (published and pre-published) is conducted by the Emerging Science Group, 

PHAC. The scan has compiled COVID-19 literature since the beginning of the outbreak and is updated daily. 

Searches to retrieve relevant COVID-19 literature are conducted in Pubmed, Scopus, BioRxiv, MedRxiv, ArXiv, 

SSRN, Research Square and cross-referenced with the COVID-19 information centers run by Lancet, BMJ, 

Elsevier, Nature and Wiley. The daily summary and full scan results are maintained in a refworks database and 

an excel list that can be searched.  Targeted keyword searching was conducted within these databases to 

identify relevant citations on COVID-19 and SARS-COV-2. Three separate searches were conducted to identify 

citations relevant to reinfection, immunity and variants and immunity. Search terms used included: 

REINFECTION TERMS (reinfect* or re-infect* or recurren* or re-positive). 

IMMUNITY TERMS (antibod* or CD+ or CD4 or CD8) across studies with the Immunology tag 



COVID-19 Summary of Protective Immunity      February 12, 2021 
 

  

PHAC EMERGING SCIENCE SUMMARIES 36 

  

 

VARIANT TERMs (B1.1.7 or 501Y.V1 or 202012/01 or B.1.351 or 501Y.V2 or P1 or P2 or B.1.1.28 or B.1.1.33 or 

501Y.V3) AND (neutralization antibodies) 

This review contains research published up to Feb 11, 2021. 

Each potentially relevant reference was examined to confirm it had relevant data and relevant data was 

extracted into the review.   

 

Prepared by: Kaitlin Young, Chatura Prematunge, Lisa Waddell. Emerging Science Group, PHAC.   

phac.evidence-donnees.probantes.aspc@canada.ca 

 

References 
1. Poland GA, Ovsyannikova IG, Kennedy RB. SARS-CoV-2 immunity: Review and applications to phase 3 

vaccine candidates. Lancet. 2020 Oct 13 DOI:10.1016/s0140-6736(20)32137-1.  

2. European Centre For Disease Prevention And Control, ECDC. Reinfection with SARS-CoV-2: considerations 

for public health response. Stockholm: European Centre for Disease Prevention and Control; 2020 Available 

from: https://www.ecdc.europa.eu/sites/default/files/documents/Re-infection-and-viral-shedding-threat-

assessment-brief.pdf 

3. Yahav D, Yelin D, Eckerle I, Eberhardt CS, Wang J, Cao B, Kaiser L. Definitions for coronavirus disease 2019 

reinfection, relapse and PCR re-positivity. Clinical Microbiology and Infection. 2020 

DOI:10.1016/j.cmi.2020.11.028.  

4. Jeffery-Smith A, Iyanger N, Williams SV, Chow JY, Aiano F, Hoschler K, Lackenby A, Ellis J, Platt S, Miah S, 

Brown K, Amirthalingam G, Patel M, Ramsay ME, Gopal R, Charlett A, Ladhani SN, Zambon M. Antibodies to 

SARS-CoV-2 protect against re-infection during outbreaks in care homes, september and october 2020. Euro 

Surveill. 2021 Feb;26 DOI:10.2807/1560-7917.es.2021.26.5.2100092 10.2807/1560-7917.ES.2021.26.5.2100092.  

5. Abu-Raddad L, Chemaitelly H, Malek JA, Ahmed AA, Mohamoud YA, Younuskunju S, Ayoub HH, Al Kanaani 

Z, Al Khal A, Al Kuwari E, Butt AA, Coyle P, Jeremijenko A, Kaleeckal AH, Latif AN, Shaik RM, Rahim HFA, 

Yassine HM, Al Kuwari MG, Al Romaihi HE, Al-Thani M, Bertollini R. Assessment of the risk of SARS-CoV-2 

reinfection in an intense re-exposure setting. Clin Infect Dis. 2020 Dec 14 DOI:10.1093/cid/ciaa1846.  

6. Abu-Raddad L, Chemaitelly H, Coyle P, Malek JA, Ahmed AA, Mohamoud YA, Younuskunju S, Ayoub HH, Al 

Kanaani Z, Al Kuwari E, Butt AA, Jeremijenko A, Kaleeckal AH, Latif AN, Shaik RM, Abdul Rahim HF, Nasrallah 

GK, Yassine HM, Al Kuwari MG, Al Romaihi HE, Al-Thani M, Khal AA, Bertollini R. SARS-CoV-2 reinfection in a 

cohort of 43,000 antibody-positive individuals followed for up to 35 weeks. medRxiv. 

2021:2021.01.15.21249731. DOI:10.1101/2021.01.15.21249731.  

7. Lumley SF, O'Donnell D, Stoesser NE, Matthews PC, Howarth A, Hatch SB, Marsden BD, Cox S, James T, 

Warren F, Peck LJ, Ritter TG, de Toledo Z, Warren L, Axten D, Cornall RJ, Jones EY, Stuart DI, Screaton G, Ebner 

D, Hoosdally S, Chand M, Crook DW, O'Donnell AM, Conlon CP, Pouwels KB, Walker AS, Peto TEA, Hopkins S, 

Walker TM, Jeffery K, Eyre DW. Antibody status and incidence of SARS-CoV-2 infection in health care workers. 

N Engl J Med. 2020 Dec 23 DOI:10.1056/NEJMoa2034545.  

mailto:phac.evidence-donnees.probantes.aspc@canada.ca


COVID-19 Summary of Protective Immunity      February 12, 2021 
 

  

PHAC EMERGING SCIENCE SUMMARIES 37 

  

 

8. Hall V, Foulkes S, Charlett A, Atti A, Monk EJM, Simmons R, Wellington E, Cole MJ, Saei A, Oguti B, Munro K, 

Wallace S, Kirwan PD, Shrotri M, Vusirikala A, Rokadiya S, Kall M, Zambon M, Ramsay M, Brooks T, Brown CS, 

Chand MA, Hopkins S. Do antibody positive healthcare workers have lower SARS-CoV-2 infection rates than 

antibody negative healthcare workers? large multi-centre prospective cohort study (the SIREN study), 

england: June to november 2020. medRxiv. 2021:2021.01.13.21249642. DOI:10.1101/2021.01.13.21249642.  

9. Dimeglio C, Herin F, Miedougé M, Martin-Blondel G, Soulat JM, Izopet J. Protection of healthcare workers 

against SARS-CoV-2 reinfection. Clin Infect Dis. 2021 Jan 27 DOI:10.1093/cid/ciab069.  

10. Harvey RA, Rassen JA, Kabelac CA, Turenne W, Leonard S, Klesh R, Meyer WA, 3, Kaufman HW, Anderson 

S, Cohen O, Petkov VI, Cronin KA, Van Dyke AL, Lowy DR, Sharpless NE, Penberthy LT. Association of SARS-

CoV-2 seropositive antibody test with risk of future infection. JAMA Intern Med. 2021 Feb 24 

DOI:10.1001/jamainternmed.2021.0366.  

11. Breathnach AS, Riley PA, Cotter MP, Houston AC, Habibi MS, Planche TD. Prior COVID-19 significantly 

reduces the risk of subsequent infection, but reinfections are seen after eight months. J Infect. 2021 

DOI:10.1016/j.jinf.2021.01.005.  

12. Graham MS, Sudre CH, May A, Antonelli M, Murray B, Varsavsky T, Klaser K, Canas LDS, Molteni E, Modat 

M, Drew DA, Nguyen LA, Polidori L, Selvachandran S, Hu C, Capdevila Pujol J, Hammers A, Chan AT, Wolf J, 

Spector T, Steves C, Ourselin S. The effect of SARS-CoV-2 variant B.1.1.7 on symptomatology, re-infection and 

transmissibility. medRxiv. 2021:2021.01.28.21250680. DOI:10.1101/2021.01.28.21250680.  

13. Murillo-Zamora E, Mendoza-Cano O, Delgado-Enciso I, Hernandez-Suarez C. Predictors of severe 

symptomatic laboratory-confirmed SARS-COV-2 reinfection. medRxiv. 2020:2020.10.14.20212720. 

DOI:10.1101/2020.10.14.20212720.  

14. Ali AM, Ali KM, Fatah MH, Towfeeq HM, Rostam HM. SARS-CoV-2 reinfection in patients negative for 

immunoglobulin G following recovery from COVID-19. medRxiv. 2020:2020.11.20.20234385. 

DOI:10.1101/2020.11.20.20234385.  

15. Xu G, Liu F, Ye M, Zhao J, Li Q, Feng C, Hu Y, Li Y, Shi H, Zhang F, Tong Y, Ma W. No evidence of re-

infection or person-to-person transmission in cured COVID-19 patients in guangzhou, a retrospective 

observational study. Frontiers in Medicine. 2020;7 DOI:10.3389/fmed.2020.593133.  

16. Hanrath AT, Payne BAI, Duncan CJA, van der Loeff, I. S., Baker KF, Price DA, McDowall P, McDowall K, Cook 

S, Towns P, Schwab U, Evans A, Dixon J, Collins J, Burton-Fanning S, Saunders D, Harwood J, Samuel J, Schmid 

ML, Pareja-Cebrian L, Hunter E, Taha Y, Murphy E. Prior SARS-CoV-2 infection is associated with protection 

against symptomatic reinfection. J Infect. 2020 Dec 26 DOI:10.1016/j.jinf.2020.12.023.  

17. Clarke CL, Prendecki M, Dhutia A, Edwards C, Prout V, Lightstone L, Parker E, Marchesin F, Griffith M, Charif 

R, Pickard G, Cox A, McClure M, Tedder R, Randell P, Greathead L, Guckian M, McAdoo SP, Kelleher P, 

Willicombe M. Longevity of SARS-CoV-2 immune responses in haemodialysis patients and protection against 

reinfection. medRxiv. 2021:2021.01.22.21249865. DOI:10.1101/2021.01.22.21249865.  



COVID-19 Summary of Protective Immunity      February 12, 2021 
 

  

PHAC EMERGING SCIENCE SUMMARIES 38 

  

 

18. Dobaño C, Ramirez A, Alonso S, et al. Persistence and baseline determinants of seropositivity in health 

care workers up to nine months after COVID-19. Research Square prepub. 2021 DOI:10.21203/rs.3.rs-

142984/v1.  

19. Post N, Eddy D, Huntley C, van Schalkwyk, M. C. I., Shrotri M, Leeman D, Rigby S, Williams SV, Bermingham 

WH, Kellam P, Maher J, Shields AM, Amirthalingam G, Peacock SJ, Ismail SA. Antibody response to SARS-CoV-

2 infection in humans: A systematic review. PLoS One. 2020;15(12):e0244126. 

DOI:10.1371/journal.pone.0244126.  

20. Nicholson LB. The immune system. Essays Biochem. 2016 Oct 31;60(3):275-301. DOI:EBC20160017 [pii].  

21. Li Z, Liu J, Deng H, Yang X, Wang H, Feng X, Zelinskyy G, Trilling M, Sutter K, Lu M, Wang B, Yang D, Zheng 

X, Liu J. SARS-CoV-2-specific T cell memory is long-lasting in the majority of convalsecent COVID-19 

individuals. bioRxiv. 2020:2020.11.15.383463. DOI:10.1101/2020.11.15.383463.  

22. Bilich T, Nelde A, Heitmann JS. Differential kinetics of T cell and antibody responses delineate dominant T 

cell epitopes in long-term immunity after COVID-19. Research Square prepub. 2020 DOI:10.21203/rs.3.rs-

114499/v1.  

23. Shen Y, Ba Y, Hu Y, Wang L, Li W. Relationship between the dynamic changes of serum 2019-nCoV 

IgM/IgG and patient immunity after 6 month hospital discharge. Inflamm Res. 2021 Jan 1 

DOI:10.1007/s00011-020-01429-8.  

24. Gaebler C, Wang Z, Lorenzi JCC, Muecksch F, Finkin S, Tokuyama M, Cho A, Jankovic M, Schaefer-Babajew 

D, Oliveira TY, Cipolla M, Viant C, Barnes CO, Bram Y, Breton G, Hägglöf T, Mendoza P, Hurley A, Turroja M, 

Gordon K, Millard KG, Ramos V, Schmidt F, Weisblum Y, Jha D, Tankelevich M, Martinez-Delgado G, Yee J, 

Patel R, Dizon J, Unson-O'Brien C, Shimeliovich I, Robbiani DF, Zhao Z, Gazumyan A, Schwartz RE, 

Hatziioannou T, Bjorkman PJ, Mehandru S, Bieniasz PD, Caskey M, Nussenzweig MC. Evolution of antibody 

immunity to SARS-CoV-2. Nature. 2021 Jan 18 DOI:10.1038/s41586-021-03207-w.  

25. Dan JM, Mateus J, Kato Y, Hastie KM, Yu ED, Faliti CE, Grifoni A, Ramirez SI, Haupt S, Frazier A, Nakao C, 

Rayaprolu V, Rawlings SA, Peters B, Krammer F, Simon V, Saphire EO, Smith DM, Weiskopf D, Sette A, Crotty S. 

Immunological memory to SARS-CoV-2 assessed for up to 8 months after infection. Science. 2021 Jan 6 

DOI:10.1126/science.abf4063.  

26. Pradenas E, Trinite B, Urrea V, Marfil S, Avila-Nieto C, Rodriguez de la Concepcion ML, Tarres-Freixas F, 

Perez-Yanes S, Rovirosa C, Ainsua-Enrich E, Rodon J, Vergara-Alert J, Segales J, Guallar V, Valencia A, 

Izquierdo-Useros N, Paredes R, Mateu L, Chamorro A, Massanella M, Carrillo J, Clotet B, Blanco J. Stable 

neutralizing antibody levels six months after mild and severe COVID-19 episode. Med (N Y). 2021 Jan 31 

DOI:10.1016/j.medj.2021.01.005 [doi].  

27. Whitcombe AL, McGregor R, Craigie A, James A, Charlewood R, Lorenz N, Dickson JMJ, Sheen CR, Koch B, 

Fox-Lewis S, McAuliffe G, Roberts SA, Morpeth SC, Taylor S, Webb RH, Jack S, Upton A, Ussher J, Moreland NJ. 

Comprehensive analysis of SARS-CoV-2 antibody dynamics in new zealand. medRxiv. 

2020:2020.12.10.20246751. DOI:10.1101/2020.12.10.20246751.  



COVID-19 Summary of Protective Immunity      February 12, 2021 
 

  

PHAC EMERGING SCIENCE SUMMARIES 39 

  

 

28. Wagner A, Guzek A, Ruff J, Jasinska J, Scheikl U, Zwazl I, Kundi M, Stockinger H, Farcet MR, Kreil T, Hoeltl E, 

Wiedermann U. A longitudinal seroprevalence study in a large cohort of working adults reveals that 

neutralising SARS-CoV-2 RBD-specific antibodies persist for at least six months independent of the severity of 

symptoms. medRxiv. 2020:2020.12.22.20248604. DOI:10.1101/2020.12.22.20248604.  

29. Choe PG, Kim KH, Kang CK, Suh HJ, Kang E, Lee SY, Kim NJ, Yi J, Park WB, Oh MD. Antibody responses 8 

months after asymptomatic or mild SARS-CoV-2 infection. Emerging Infect Dis. 2020 Dec 22;27(3) 

DOI:10.3201/eid2703.204543.  

30. Sokal A, Chappert P, Barba-Spaeth G, Roeser A, Fourati S, Azzaoui I, Vandenberghe A, Fernandez I, Meola 

A, Bouvier-Alias M, Crickx E, Beldi-Ferchiou A, Hue S, Languille L, Michel M, Baloul S, Noizat-Pirenne F, Luka M, 

Mégret J, Ménager M, Pawlotsky JM, Fillatreau S, Rey FA, Weill JC, Reynaud CA, Mahévas M. Maturation and 

persistence of the anti-SARS-CoV-2 memory B cell response. Cell. 2021 DOI:10.1016/j.cell.2021.01.050.  

31. Zhang X, Lu S, Li H, Wang Y, Lu Z, Liu Z, Lai Q, Ji Y, Huang X, Li Y, Sun J, Wu Y, Xu X, Hou J. PMC7754696; 

viral and antibody kinetics of COVID-19 patients with different disease severities in acute and convalescent 

phases: A 6-month follow-up study. Virol Sin. 2020 Dec 22:1-10. DOI:10.1007/s12250-020-00329-9.  

32. Breton G, Mendoza P, Hägglöf T, Oliveira TY, Schaefer-Babajew D, Gaebler C, Turroja M, Hurley A, Caskey 

M, Nussenzweig MC. Persistent cellular immunity to SARS-CoV-2 infection. J Exp Med. 2021 Apr 5;218(4) 

DOI:10.1084/jem.20202515.  

33. Shrotri M, van Schalkwyk, M. C. I., Post N, Eddy D, Huntley C, Leeman D, Rigby S, Williams SV, Bermingham 

WH, Kellam P, Maher J, Shields AM, Amirthalingam G, Peacock SJ, Ismail SA. T cell response to SARS-CoV-2 

infection in humans: A systematic review. PLoS One. 2021;16(1):e0245532. DOI:10.1371/journal.pone.0245532.  

34. Wang Q, Zhang Y, Wu L, Niu S, Song C, Zhang Z, Lu G, Qiao C, Hu Y, Yuen KY, Wang Q, Zhou H, Yan J, Qi J. 

Structural and functional basis of SARS-CoV-2 entry by using human ACE2. Cell. 2020 

DOI:10.1016/j.cell.2020.03.045.  

35. Barnes CO, Jette CA, Abernathy ME, Dam KA, Esswein SR, Gristick HB, Malyutin AG, Sharaf NG, Huey-

Tubman K, Lee YE, Robbiani DF, Nussenzweig MC, West AP, J., Bjorkman PJ. SARS-CoV-2 neutralizing 

antibody structures inform therapeutic strategies. Nature. 2020 Oct 12 DOI:10.1038/s41586-020-2852-1.  

36. Zhou C, Bu G, Sun Y, Ren C, Qu M, Gao Y, Zhu Y, Wang L, Sun L, Liu Y. Evaluation of serum IgM and IgG 

antibodies in COVID-19 patients by enzyme linked immunosorbent assay. J Med Virol. 2020 Dec 17 

DOI:10.1002/jmv.26741.  

37. Hachim A, Gu H, Kavian O, Kwan MYW, Chan W, Yau YS, Chiu SS, Tsang OTY, Hui DSC, Ma F, Lau EHY, 

Cheng SMS, Poon LLM, Peiris MJS, Valkenburg SA, Kavian N. The SARS-CoV-2 antibody landscape is lower in 

magnitude for structural proteins, diversified for accessory proteins and stable long-term in children. 

medRxiv. 2021:2021.01.03.21249180. DOI:10.1101/2021.01.03.21249180.  

38. Levi R, Ubaldi L, Pozzi C, Angelotti G, Sandri MT, Azzolini E, Salvatici M, Savevski V, Mantovani A, Rescigno 

M. The antibody response to SARS-CoV-2 increases over 5 months in patients with anosmia/dysgeusia. 

medRxiv. 2021:2021.02.05.21251219. DOI:10.1101/2021.02.05.21251219.  



COVID-19 Summary of Protective Immunity      February 12, 2021 
 

  

PHAC EMERGING SCIENCE SUMMARIES 40 

  

 

39. Vanshylla K, Di Cristianziano V, Kleipass F, Dewald F, Schommers P, Gieselmann L, Gruell H, Schlotz M, 

Ercanoglu MS, Stumpf R, Mayer P, Heger E, Johannis W, Horn C, Suarez I, Jung N, Salomon S, Eberhardt K, 

Faetkenheuer G, Pfeifer N, Eggeling R, Augustin M, Lehmann C, Klein F. Kinetics and correlates of the 

neutralizing antibody response to SARS-CoV-2. bioRxiv. 2021:2021.01.26.428207. 

DOI:10.1101/2021.01.26.428207.  

40. Han Y, Liu P, Qiu Y, Zhou J, Liu Y, Hu X, Yang Q, Huang R, Wen X, Song H, Yu P, Yang M, Zhang J, Liu WJ, 

Peng K, Wu G, Zhang D, Zhou X, Wu Y. Effective virus-neutralizing activities in antisera from the first wave of 

severe COVID-19 survivors. JCI Insight. 2021 Jan 21 DOI:10.1172/jci.insight.146267.  

41. Kawada S, Ogata A, Kato Y, Okamoto M, Yamaguchi Y, Morita T, Kumanogoh A. The kinetic variations of 

anti-nucleocapsid antibody in SARS-CoV-2 infection. medRxiv. 2021:2021.02.05.21251208. 

DOI:10.1101/2021.02.05.21251208.  

42. Dehgani-Mobaraki P, Kamber Zaidi A, Porreca A, Floridi A, Floridi E. Antibody persistency and trend post-

SARS-CoV-2 infection at eight months. medRxiv. 2020:2020.11.21.20236117. 

DOI:10.1101/2020.11.21.20236117.  

43. Volz E, Mishra S, Chand M, Barrett JC, Johnson R, Geidelberg L, Hinsley WR, Laydon DJ, Dabrera G, Toole 

Á, Amato R, Ragonnet-Cronin M, Harrison I, Jackson B, Ariani CV, Boyd O, Loman N, McCrone JT, Gonçalves S, 

Jorgensen D, Myers R, Hill V, Jackson DK, Gaythorpe K, Groves N, Sillitoe J, Kwiatkowski DP, Flaxman S, 

Ratman O, Bhatt S, Hopkins S, Gandy A, Rambaut A, Ferguson NM. Transmission of SARS-CoV-2 lineage 

B.1.1.7 in england: Insights from linking epidemiological and genetic data. medRxiv. 

2021:2020.12.30.20249034. DOI:10.1101/2020.12.30.20249034.  

44. Tegally H, Wilkinson E, Giovanetti M, Iranzadeh A, Fonseca V, Giandhari J, Doolabh D, Pillay S, San EJ, 

Msomi N, Mlisana K, Gottberg Av, Walaza S, Allam M, Ismail A, Mohale T, Glass AJ, Engelbrecht S, Zyl GV, 

Preiser W, Petruccione F, Sigal A, Hardie D, Marais G, Hsiao M, Korsman S, Davies M, Tyers L, Mudau I, York D, 

Maslo C, Goedhals D, Abrahams S, Laguda-Akingba O, Alisoltani-Dehkordi A, Godzik A, Wibmer CK, Sewell BT, 

Lourenco J, Alcantara LCJ, Kosakovsky Pond SL, Weaver S, Martin D, Lessells RJ, Bhiman JN, Williamson C, de 

Oliveira Td. Emergence and rapid spread of a new severe acute respiratory syndrome-related coronavirus 2 

(SARS-CoV-2) lineage with multiple spike mutations in south africa. medRxiv. 2020:2020.12.21.20248640. 

DOI:10.1101/2020.12.21.20248640.  

45. Farkas C, Mella A, Haigh JJ. Large-scale population analysis of SARS-CoV2 whole genome sequences 

reveals host-mediated viral evolution with emergence of mutations in the viral spike protein associated with 

elevated mortality rates. medRxiv. 2020:2020.10.23.20218511. DOI:10.1101/2020.10.23.20218511.  

46. Rees-Spear C, Muir L, Griffith SA, Heaney J, Aldon Y, Snitselaar J, Thomas P, Graham C, Seow J, Lee N, Rosa 

A, Roustan C, Houlihan CF, Sanders RW, Gupta RK, Cherepanov P, Stauss H, Nastouli E, Doores KJ, van Gils MJ, 

McCoy LE. The impact of spike mutations on SARS-CoV-2 neutralization. bioRxiv. 2021:2021.01.15.426849. 

DOI:10.1101/2021.01.15.426849.  



COVID-19 Summary of Protective Immunity      February 12, 2021 
 

  

PHAC EMERGING SCIENCE SUMMARIES 41 

  

 

47. Muik A, Wallisch AK, Sänger B, Swanson KA, Mühl J, Chen W, Cai H, Maurus D, Sarkar R, Türeci Ö, 

Dormitzer PR, Şahin U. Neutralization of SARS-CoV-2 lineage B.1.1.7 pseudovirus by BNT162b2 vaccine-

elicited human sera. Science. 2021 Jan 29 DOI:10.1126/science.abg6105.  

48. Edara VV, Floyd K, Lai L, Gardner M, Hudson W, Piantadosi A, Waggoner JJ, Babiker A, Ahmed R, Xie X, 

Lokugamage K, Menachery V, Shi P, Suthar MS. Infection and mRNA-1273 vaccine antibodies neutralize 

SARS-CoV-2 UK variant. medRxiv. 2021:2021.02.02.21250799. DOI:10.1101/2021.02.02.21250799.  

49. Shen X, Tang H, McDana C, Wagh K, Fischer W, Theiler J, Yoon H, Haynes BF, Saunders KO, Neil, 

Gnanakaran S, Hengartner NW, Pajon R, Smith G, Dubovsky F, Glenn GM, Korber B, Montefiori D. SARS-CoV-2 

variant B.1.1.7 is susceptible to neutralizing antibodies elicited by ancestral spike vaccines. bioRxiv. 

2021:2021.01.27.428516. DOI:10.1101/2021.01.27.428516.  

50. Wang Z, Schmidt F, Weisblum Y, Muecksch F, Barnes CO, Finkin S, Schaefer-Babajew D, Cipolla M, Gaebler 

C, Lieberman JA, Oliveira TY, Yang Z, Abernathy ME, Huey-Tubman K, Hurley A, Turroja M, West KA, Gordon K, 

Millard KG, Ramos V, Silva JD, Xu J, Colbert RA, Patel R, Dizon J, Unson-O'Brien C, Shimeliovich I, Gazumyan A, 

Caskey M, Bjorkman PJ, Casellas R, Hatziioannou T, Bieniasz PD, Nussenzweig MC. mRNA vaccine-elicited 

antibodies to SARS-CoV-2 and circulating variants. Nature. 2021 Feb 10 DOI:10.1038/s41586-021-03324-6.  

51. Collier D, De Marco A, Ferreira I, et al. SARS-CoV-2 B.1.1.7 escape from mRNA vaccine-elicited neutralizing 

antibodies. Research Square prepub. 2021 DOI:10.21203/rs.3.rs-156101/v1.  

52. Wibmer CK, Ayres F, Hermanus T, Madzivhandila M, Kgagudi P, Oosthuysen B, Lambson BE, de Oliveira T, 

Vermeulen M, van der Berg K, Rossouw T, Boswell M, Ueckermann V, Meiring S, von Gottberg A, Cohen C, 

Morris L, Bhiman JN, Moore PL. SARS-CoV-2 501Y.V2 escapes neutralization by south african COVID-19 donor 

plasma. Nat Med. 2021 Mar 2 DOI:10.1038/s41591-021-01285-x.  

53. Stamatatos L, Czartoski J, Wan Y, Homad L, Rubin V, Glantz H, Neradilek M, Seydoux E, Jennewein MF, 

MacCamy A, Feng J, Mize G, De Rosa SC, Finzi A, Lemos M, Cohen KW, Moodie Z, McElrath MJ, McGuire A. 

Antibodies elicited by SARS-CoV-2 infection and boosted by vaccination neutralize an emerging variant and 

SARS-CoV-1. medRxiv. 2021:2021.02.05.21251182. DOI:10.1101/2021.02.05.21251182.  

54. Cele S, Gazy I, Jackson L, Hwa S, Tegally H, Lustig G, Giandhari J, Pillay S, Wilkinson E, Naidoo Y, Karim F, 

Ganga Y, Khan K, Balazs AB, Gosnell BI, Hanekom W, Moosa MS, Lessells RJ, de Oliveira T, Sigal A. Escape of 

SARS-CoV-2 501Y.V2 variants from neutralization by convalescent plasma. medRxiv. 

2021:2021.01.26.21250224. DOI:10.1101/2021.01.26.21250224.  

55. Wang P, Nair MS, Liu L, Iketani S, Luo Y, Guo Y, Wang M, Yu J, Zhang B, Kwong PD, Graham BS, Mascola 

JR, Chang JY, Yin MT, Sobieszczyk M, Kyratsous CA, Shapiro L, Sheng Z, Huang Y, Ho DD. Antibody resistance 

of SARS-CoV-2 variants B.1.351 and B.1.1.7. Nature. 2021 Mar 8 DOI:10.1038/s41586-021-03398-2 [doi].  

56. Zhang J, Ding N, Ren L, Song R, Chen D, Zhao X, Chen B, Han J, Li J, Song Y, Di L, Han K, Yu F, Xie R, Chen 

Z, Xie W, Liu J, Cen S, Bi Y, Wu WR, Zhang F, Chen C, Zeng H. COVID-19 reinfection in the presence of 

neutralizing antibodies. National Science Review. 2021 DOI:https://doi.org/10.1093/nsr/nwab006.  



COVID-19 Summary of Protective Immunity      February 12, 2021 
 

  

PHAC EMERGING SCIENCE SUMMARIES 42 

  

 

57. To KK, Hung IF, Ip JD, Chu AW, Chan WM, Tam AR, Fong CH, Yuan S, Tsoi HW, Ng AC, Lee LL, Wan P, Tso 

E, To WK, Tsang D, Chan KH, Huang JD, Kok KH, Cheng VC, Yuen KY. COVID-19 re-infection by a 

phylogenetically distinct SARS-coronavirus-2 strain confirmed by whole genome sequencing. Clin Infect Dis. 

2020 Aug 25 DOI:10.1093/cid/ciaa1275.  

58. To KK, Hung IF, Chan KH, Yuan S, To WK, Tsang DN, Cheng VC, Chen Z, Kok KH, Yuen KY. Serum antibody 

profile of a patient with COVID-19 reinfection. Clin Infect Dis. 2020 Sep 23 DOI:10.1093/cid/ciaa1368.  

59. Chan PKS, Lui G, Hachim A, Ko RLW, Boon SS, Li T, Kavian N, Luk F, Chen Z, Yau EM, Chan KH, Tsang CH, 

Cheng SMS, Chu DKW, Perera R, Ho WCS, Yeung ACM, Chow C, Poon LLM, Valkenburg SA, Hui DSC, Peiris M. 

Serologic responses in healthy adult with SARS-CoV-2 reinfection, hong kong, august 2020. Emerging Infect 

Dis. 2020 Oct 22;26(12) DOI:10.3201/eid2612.203833.  

60. Lee JS, Kim SY, Kim TS, Hong KH, Ryoo NH, Lee J, Park JH, Cho SI, Kim MJ, Kim YG, Kim B, Shin HS, Oh HS, 

Seo MS, Gwon TR, Kim Y, Park JS, Chin BS, Park WB, Park SS, Seong MW. Evidence of severe acute respiratory 

syndrome coronavirus 2 reinfection after recovery from mild coronavirus disease 2019. Clin Infect Dis. 2020 

Nov 21 DOI:10.1093/cid/ciaa1421.  

61. Vasques Nonaka CK, Miranda Franco M, Gräf T, Almeida Mendes AV, Santana de Aguiar R, Giovanetti M, 

Solano de Freitas Souza, B. Genomic evidence of a sars-cov-2 reinfection case with E484K spike mutation in 

brazil. Preprints. 2021(2021010132) DOI:10.20944/preprints202101.0132.v.  

62. Fintelman-Rodrigues N. Viral genetic evidence and host immune response of a small cluster of individuals 

with two episodes of SARS-CoV-2 infection. SSRN- Lancet prepublication. 2021 

63. Larson D, Brodniak SL, Voegtly LJ, Cer RZ, Glang LA, Malagon FJ, Long KA, Potocki R, Smith DR, Lanteri C, 

Burgess T, Bishop-Lilly K. A case of early re-infection with SARS-CoV-2. Clin Infect Dis. 2020 Sep 19 

DOI:10.1093/cid/ciaa1436.  

64. Tillett RL, Sevinsky JR, Hartley PD, Kerwin H, Crawford N, Gorzalski A, Laverdure C, Verma SC, Rossetto CC, 

Jackson D, Farrell MJ, Van Hooser S, Pandori M. Genomic evidence for reinfection with SARS-CoV-2: A case 

study. The Lancet Infectious Diseases 2020/10 DOI:10.1016/S1473-3099(20)30764-7.  

65. Goldman JD, Wang K, Roltgen K, Nielsen SCA, Roach JC, Naccache SN, Yang F, Wirz OF, Yost KE, Lee J, 

Chun K, Wrin T, Petropoulos CJ, Lee I, Fallen S, Manner PM, Wallick JA, Algren HA, Murray KM, Su Y, Hadlock J, 

Jeharajah J, Berrington WR, Pappas GP, Nyatsatsang ST, Greninger AL, Satpathy AT, Pauk JS, Boyd SD, Heath 

JR. Reinfection with SARS-CoV-2 and failure of humoral immunity: A case report. medRxiv. 

2020:2020.09.22.20192443. DOI:10.1101/2020.09.22.20192443.  

66. Van Elslande J, Vermeersch P, Vandervoort K, Wawina-Bokalanga T, Vanmechelen B, Wollants E, Laenen L, 

André E, Van Ranst M, Lagrou K, Maes P. Symptomatic SARS-CoV-2 reinfection by a phylogenetically distinct 

strain. Clin Infect Dis. 2020 Sep 5 DOI:10.1093/cid/ciaa1330.  

67. Selhorst P, Van Ierssel S, Michiels J, Mariën J, Bartholomeeusen K, Dirinck E, Vandamme S, Jansens H, Ariën 

KK. Symptomatic SARS-CoV-2 reinfection of a health care worker in a belgian nosocomial outbreak despite 

primary neutralizing antibody response. Clin Infect Dis. 2020 Dec 14 DOI:10.1093/cid/ciaa1850.  



COVID-19 Summary of Protective Immunity      February 12, 2021 
 

  

PHAC EMERGING SCIENCE SUMMARIES 43 

  

 

68. Lago LP, Latorre LP, Herranz M. A complete analysis of the epidemiological scenario around a SARS-CoV-2 

reinfection: Previous infection events and subsequent transmission. Research Square prepub. 2020 

DOI:10.21203/rs.3.rs-106167/v1.  

69. Colson P, Finaud M, Levy N, Lagier JC, Raoult D. Evidence of SARS-CoV-2 re-infection with a different 

genotype. J Infect. 2020 Nov 15 DOI:10.1016/j.jinf.2020.11.011.  

70. Zucman N, Uhel F, Descamps D, Roux D, Ricard JD. Severe reinfection with south african SARS-CoV-2 

variant 501Y.V2: A case report. Clin Infect Dis. 2021 Feb 10 DOI:10.1093/cid/ciab129.  

71. Harrington D, Kele B, Pereira S, Couto-Parada X, Riddell A, Forbes S, Dobbie H, Cutino-Moguel T. 

Confirmed reinfection with SARS-CoV-2 variant VOC-202012/01. Clin Infect Dis. 2021 Jan 9 

DOI:10.1093/cid/ciab014.  

72. Mulder M, van der Vegt D, Oude Munnink BB, GeurtsvanKessel CH, van de Bovenkamp J, Sikkema RS, 

Jacobs EMG, Koopmans MPG, Wegdam-Blans M. Reinfection of SARS-CoV-2 in an immunocompromised 

patient: A case report. Clin Infect Dis. 2020 Oct 9 DOI:10.1093/cid/ciaa1538.  

73. Prado-Vivar B, Becerra-Wong M, Guadalupe JJ, Márquez S, Gutierrez B, Rojas-Silva P, Grunauer M, Trueba 

G, Barragán V, Cárdenas P. A case of SARS-CoV-2 reinfection in ecuador. The Lancet Infectious Diseases 

2020/11 DOI:10.1016/S1473-3099(20)30910-5.  

74. Gupta V, Bhoyar RC, Jain A, Srivastava S, Upadhayay R, Imran M, Jolly B, Divakar MK, Sharma D, Sehgal P, 

Ranjan G, Gupta R, Scaria V, Sivasubbu S. Asymptomatic reinfection in two healthcare workers from india with 

genetically distinct SARS-CoV-2. Clin Infect Dis. 2020 Sep 23 DOI:10.1093/cid/ciaa1451.  

75. Shastri J, Parikh S, Agarwal S, Chatterjee N, Pathak M, Sharma C, Kanakan A, A V, Srinivasa Vasudevan J, 

Maurya R, Fatihi S, Thukral L, Agrawal A, Pinto L, Pandey R, Sunil S. Whole genome sequencing confirmed 

SARS-CoV-2 reinfections among healthcare workers in india with increased severity in the second episode. 

SSRN- Lancet Publication. 2020 

76. Salehi-Vaziri M, Jalali T, Farahmand B. Clinical characteristics of SARS-CoV-2 by re-infection vs. 

reactivation: A case series from iran. Research Square prepub. 2021 DOI:10.21203/rs.3.rs-185401/v1.  

 

 

APPENDIX 1: 

Reinfections, case reports/series (n=21) 

 Thirty cases of confirmed reinfection were identified. The median time between initial infection and 

infection was 81 days (range 13-250).  

 Confirmed cases of reinfection have been reported in China (56-59), South Korea (60), Brazil (61, 62), 

the United States (63-65), Belgium (66, 67), Spain (68), France (69, 70) the United Kingdom (71), the 

Netherlands (72), Ecuador (73), India (74, 75), and Iran (76). 
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 Onward transmission via reinfection cases was suspected in two reports (67, 68). In many studies, 

contact tracing/follow-up was not conducted. Infectivity and onward transmission during reinfection 

has not been sufficiently studied and remains a substantial knowledge gap. 

 Symptomology among primary and re-infections has been heterogeneous in the literature. Seventeen 

cases experienced both asymptomatic/mild primary infections and reinfections (56, 57, 60, 62, 66, 67, 

69, 74, 75). Three cases reported severe symptoms during primary infection and mild symptoms 

during reinfection (56, 65). Ten cases experienced mild/moderate symptoms during primary infection 

and more severe symptoms during reinfection (61, 63, 64, 68, 70-73, 76).  

 A confirmed case of reinfection due to the Variant of Concern-202012/01 of lineage B.1.1.7 was 

reported in the United States (65). Immunological findings suggest that poorly developed or waned 

antibodies formed after the primary infection in March were not protective against reinfection with 

the new mutated variant acquired in July (65). Cases of reinfection with the E484K spike mutation in 

Brazil (61) and South African SARS-CoV-2 variant 501Y.V2 in France (70) have also been reported.  

 Immunology findings indicate that the waning of humoral immunity may have predisposed patients to 

reinfection with a different strain of SARS-CoV-2. Those who do not seroconvert may not have the 

same degree of protection from reinfection as those with high titers of antibodies. The greater 

magnitude of antibody responses or T cell responses generated during severe COVID-19 may confer 

more robust and/or long-lasting protection. Alternatively, subsequent infections may be more severe 

due to acquisition of a more pathogenic strain (i.e. with viral escape mutations), or even a greater 

inoculum of infection as the second exposure (i.e. from household exposure) (63). Additional research 

is needed to understand the role of immunity in protection against SARS-CoV-2 post initial acute 

infection and how common reinfection is.  

Appendix Table: Case reports of genetically confirmed reinfection with SARS-CoV-2 

(N=21) 

Reference Method Key Outcomes 

Case series/reports of confirmed reinfection (n=21) 

Zhang (2020) 

(56) 

 

Case series 

 

China 

Jan-Apr 2020 

Describes six cases of confirmed 

reinfection. Analysis supported by 

viral whole genome sequencing, 

phylogenomic analysis, serology, 

and epidemiological data. 

Swab type not reported 

-Time between episodes ranged from 19 to 57 days.  

-There were five adults (33-84 years) and one 2-year-

old child. Two were critical COVID-19 patients (P1, 

P6), and the other four had moderate primary 

infections (P2-P5). Three cases (P1-P3) developed 

symptoms again during the second episode, with P1 

and P2 showing pulmonary inflammatory lesions, 

while the other cases were asymptomatic.  

- There was no difference in the infection duration 

and the viral loads between the first and second 

episodes.  

https://academic.oup.com/nsr/advance-article/doi/10.1093/nsr/nwab006/6081102
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- P2 and P4 had low anti-RBD IgM/IgG (≤1:40) 

responses to the primary infection. In the other three 

patients (P1, P3 and P6), titers reached 1:80-1:320 for 

RBD-IgM and IgG. During the secondary infection, 

cases P1 and P2 displayed secondary immune 

responses with an increase in serum antibody titers. 

-All six paired-genomes were attributed to different 

lineages or descending lineages with 3-11 distinct 

SNPs between first and second episodes. Five of 

these six pairs were D614G mutants.  

To, Hung, 

Chan, (2020); 

To, Hung, Ip, 

(2020); Chan 

(2020) (57-

59) 

 

Case report 

 

China 

 

Mar-Aug 

2020 

These case reports describe a 

confirmed case of reinfection in a 

33 year old male in Hong Kong 

with a travel history to Spain. 

Analysis supported by viral whole 

genome sequencing, 

phylogenomic analysis, serology, 

and epidemiological data.  

 

 

Respiratory samples 

-Immunocompetent case tested re-positive for SARS-

CoV-2 viral RNA 142 days after the first symptomatic 

episode.   

-First episode: mild symptoms, Ct 30.5  

-Second episode: Asymptomatic, Ct 26-32 

-Serum samples collected on days 10, 43, and 148 

(day 3 of reinfection) did not detect antibodies 

against SARS-CoV-2. A strong IgG antibody response 

to N protein developed by day 5 of reinfection, 

suggesting that antibody against SARS-CoV-2 

developed on reinfection. IgM was not detected. 

Reinfection coincided with a stronger interleukin-21 

memory type response on day 148 than on days 10 

and 43.  

-First and second viral genomes belonged to 

different clades/lineages, differing by 24 nucleotides. 

First genome clustered with viruses from Hong Kong, 

while second genome clustered with viruses from 

Spain. Epidemiological data, including a recent trip 

from Spain.  

Lee (2020) 

(60) 

 

Case series 

 

South Korea 

 

Mar-May 

2020 

Describes six patients who 

recovered from COVID-19 and 

retested positive by RT-PCR after 

discharge. One confirmed case is 

reported in a 21 year old woman. 

Analysis supported by viral whole 

genome sequencing, 

phylogenomic analysis, and 

serology.  

Nasopharyngeal, oropharyngeal, and sputum swabs 

-Time between episodes was 26 days. 

-First episode: mild, Ct ~22.5, seronegative 

-Second episode: mild, Ct ~31, seropositive, antibody 

levels increased 10 days after onset of the patient’s 

reinfection episode, then decreased but remained 

positive within the following 3 weeks. 

- Phylogenetic analysis revealed that the virus strain 

from the second episode clustered in clade “V” with 

the strain from the first episode clustered in clade 

“G”.  

Vasques 

Nonaka 

(2021) (61) 

Describes the first case of 

reinfection with the E484K spike 

mutation in Brazil in a 45 year old 

Nasopharyngeal swab 

-Time between episodes was 147 days. 

https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1275/5897019
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1275/5897019
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1368/5910650
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1368/5910650
https://wwwnc.cdc.gov/eid/article/26/12/20-3833_article
https://wwwnc.cdc.gov/eid/article/26/12/20-3833_article
https://doi.org/10.1093/cid/ciaa1421
https://www.preprints.org/manuscript/202101.0132/v1
https://www.preprints.org/manuscript/202101.0132/v1
https://www.preprints.org/manuscript/202101.0132/v1
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Case report 

 

Brazil 

 

May-Oct 

2020 

female. Analysis supported by 

whole genome sequencing and 

phylogenomic analysis. 

-First episode: mild, Cts of N, E and RdRp targets 

were 25, 26, and 27, antibody testing not done 

-Second episode: moderate, Cts of N, E and RdRp 

targets were 21, 12 and 17, IgG test was performed 4 

weeks after symptom onset and was positive. 

-The viral variant from the first episode was identified 

as B.1.1.33 lineage while the variant from the second 

episode was B.1.1.248 harboring the E484K mutation, 

located in a key residue of the receptor binding 

domain. 

Fintelman-

Rodrigues 

(2021) (62) 

Preprint 

 

Case series 

 

Brazil 

 

Mar-May 

2020 

Describes four patients who 

recovered from COVID-19 and 

retested positive. Two cases, a 57 

year old woman and a 34 year old 

man were confirmed reinfection. 

Analysis supported by viral whole 

genome sequencing, 

phylogenomic analysis, and 

serology.  

Nasopharyngeal swab 

Case 1 

-Time between episodes was ~62 days. 

-First episode: mild symptoms, Ct 36 (~103 

copies/ml), upregulation of markers of innate 

immune response (IL-6, IL-8 and TNF-α, IL-10, CXCL-

10, IFN-y) but IgG anti-SARS-CoV-2 IgM, IgA or IgG 

antibodies were not detected. 

-Second episode: moderate symptoms, Ct 22 (~107 

copies/ml), anti-SARS-CoV-2 immunoglobulins were 

detected along with low to non-neutralizing activity 

one week after onset. 

- Genome sequencing showed that the first and 

second episodes were associated with the emerging 

clades 19A and 20B, respectively. 

 

Case 2 

-Time between episodes was ~53 days. 

-First episode: mild symptoms, Ct 36 (~103 

copies/ml), upregulation of markers of innate 

immune response (IL-6, IL-8 and TNF-α, IL-10, CXCL-

10, IFN-y) but IgG anti-SARS-CoV-2 IgM, IgA or IgG 

antibodies were not detected.  

-Second episode: moderate symptoms, Ct 17 (~109 

copies/ml), anti-SARS-CoV-2 immunoglobulins not 

detected one week after onset, but were detectable 

40 days after onset.  

- Genome sequencing of both episodes were 

associated with clade 20B, but they clustered apart 

on the phylogeny with significant statistical support 

with differing genetic markers between strains.  

Larson (2020) 

(63) 

 

Case report 

Describes a confirmed case of 

reinfection in a 42 year old healthy 

male military healthcare provider in 

Virginia. Analysis supported by viral 

Respiratory swabs 

-Time between episodes was 51 days.  

-First episode: mild symptoms, no antibody test 

done. 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3750109
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3750109
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3750109
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1436/5908892
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United States 

 

Mar-Jun 2020 

whole genome sequencing, 

phylogenomic analysis, and 

epidemiological data.  

 

-Second episode: severe symptoms, IgG reactive on 

day 8 post symptom onset.  

-Viral culture was attempted but was unsuccessful.  

-Comparison of the sequence obtained from the 

initial and second episode identified several potential 

variations, including one high confidence variation. 

- The phylogenetic analysis placed the virus causing 

the second episode in lineage B.1.26, and the 

genome encoded the D614G variation in the spike 

protein. 

-Authors hypothesize that the second infection was 

more severe, potentially due to immune 

enhancement, acquisition of a more pathogenic 

strain, or perhaps a greater inoculum of infection as 

the second exposure was from within the household. 

Tillett (2020) 

(64) 

Preprint 

 

Case report 

 

United States 

 

Apr-Jun 2020 

Describes a confirmed case of 

reinfection in a 25 year old case in 

Nevada. Analysis supported by 

whole genome sequencing, 

phylogenomic analysis, and 

epidemiological data.  

 

Nasopharyngeal swabs 

-Time between episodes was 48 days. 

-First episode: mild symptoms, Ct 35.2, no antibody 

test done.  

-Second episode: severe symptoms, requiring 

hospitalization and oxygen therapy, Ct 35.3, IgG/IgM 

reactive 7 days post symptom onset. 

- First and second viral genomes belonged to the 

same clade but differed by seven nucleotides. 

-The case may have been re-exposed to the virus by 

an infected parent.  

Goldman 

(2020) (65) 

Preprint 

 

Case report  

 

United States 

 

Mar-Jul 2020 

Describes a confirmed case of 

reinfection in a resident of a skilled 

nursing facility, aged between 60-

69, with a history of severe 

emphysema and hypertension. 

Analysis supported by whole 

genome sequencing, 

phylogenomic analysis, and 

serology.  

Nasopharyngeal swabs 

Time between episodes was 118 days. 

-First episode: severe symptoms, Ct 22.8, no antibody 

test done.  

-Second episode: mild symptoms, Ct 43.3, IgG 

antibodies against receptor binding domain (RBD), 

spike, and nucleocapsid were detected and showed a 

decreasing trend from day 14 to 42 after reinfection 

symptoms onset.  

-Immunological findings suggest that poorly 

developed or waned antibodies against the D614 

virus formed after primary infection in March were 

not protective against reinfection with the D614G 

spike variant acquired in July. 

-Comparison of strain sequences from March and 

July revealed 10 high confidence intra-host single 

nucleotide variants of which 5 type the March 

sequence to clade 19B, and 5 type the July sequence 

to 20A. 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3680955
https://www.medrxiv.org/content/10.1101/2020.09.22.20192443v1
https://www.medrxiv.org/content/10.1101/2020.09.22.20192443v1
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Van Elslande 

(2020) (66) 

LTE 

 

Case report 

 

Belgium 

 

Mar-Jun 2020 

Describes a confirmed case of 

reinfection in a 51 year old woman 

who took a daily dose of inhaled 

corticosteroids for asthma. Analysis 

supported by whole genome 

sequencing.  

Nasopharyngeal swabs 

-Time between episodes was 93 days.  

-First episode: moderate symptoms, Ct 25.6, no 

antibody test done.  

-Second episode: mild symptoms, Ct 32.6, positive 

for anti-SARS-CoV-2 nucleocapsid antibodies one 

week post symptom onset. 

-First and second viral genomes belonged to 

different clades and differed by 11 nucleotides. Full 

length genome sequencing revealed the initial 

infection was caused by a lineage B.1.1 SARS-CoV-2 

virus, while the relapsing infection was caused by a 

lineage A. 

Selhorst 

(2020) 

(67) 

Preprint 

 

Case report 

 

Belgium 

 

Mar-Sep 

2020 

A case of reinfection was observed 

in a Belgian nosocomial outbreak 

involving 3 patients and 2 health 

care workers. Whole genome 

sequencing was performed on 

swabs of all individuals including 

the reinfection case’s first episode. 

IgA, IgM, IgG, and neutralizing 

antibody responses were 

quantified in serum of all 

individuals, and viral infectiousness 

was measured in the swabs of the 

reinfection case. 

Nasopharyngeal swabs 

-Case was positive for the first time in March 2020. 

The case worked at a facility were a nosocomial 

outbreak occurred and tested positive again in 

September 2020, 185 days after initial infection. 

-First episode: Mild symptoms, Ct 13, high IgG and 

neutralizing antibody levels after 3 months, IgA and 

IgM not detected at 3 months post diagnosis.  

-Second episode: Mild symptoms, Ct 19-25, 

replicating virus as indicated by RT-qPCR for 

negative strand RNA, yet culture was unsuccessful. 

Rapid rise in neutralizing antibodies within 14 days of 

symptom onset, with high IgG titers and low IgA and 

IgM titers.  

-Both initial and reinfections were mild.  

-Analysis of the sequences revealed a total of 18 

nucleotide differences, with the strains belonging to 

different clades. This strain that cause reinfection 

matched that of three patients involved in the 

outbreak.  

-It was unclear whether the reinfection case played a 

role in transmission, however she provides the only 

link between some of the patients.  

Lago (2020) 

(68) 

Preprint 

 

Case report 

 

Spain 

 

Describes a confirmed case of 

reinfection in a 53-year old woman 

with asthma. Analysis supported by 

host genetics, viral whole genome 

sequencing, phylogenomic 

viral analysis, and epidemiological 

data obtained from interviews with 

the involved subjects. 

Nasopharyngeal swabs 

-Time between episodes was 140 days.  

-First episode: mild, Ct 30, no antibody test done. 

-Second episode: severe, Ct 22-33, no antibodies 

detected on admission but titer of 7.04 detected 17 

days after admission.  

-Case had contact with a confirmed COVID-19 case 

12 days prior to second episode. Genomic analysis 

showed that the strain between the case and her 

https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1330/5901661
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1330/5901661
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1850/6033730
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1850/6033730
https://www.researchsquare.com/article/rs-106167/v1
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Apr-Aug 

2020 

close contact were identical. Further, reinfection was 

supported by phylogenetic analysis which revealed 

that the strain involved in the second episode was 

circulating in Madrid during the same time frame, 

but not during the range corresponding to the first 

episode.  

-The husband and daughter of the case tested 

positive for SARS-CoV-2 11 and 7 days, respectively, 

after the onset of the cases’ second episode. The 

daughter’s husband and four children also developed 

infection. Epidemiological and genomic data 

demonstrates that onward transmission occurred 

from the case to her husband and daughter during 

her second episode.  

Zucman 

(2021) (70) 

 

Case report 

 

France 

 

Sep 2020-Jan 

2021 

Describes a case of reinfection 

caused by the South African variant 

501Y.V2 in a 58 year old 

immunocompetent male. Analysis 

support by epidemiological data 

and whole genome sequencing.  

Nasopharyngeal swab 

-Time between episodes was 129 days. 

-First episode: mild, no antibody testing done 

-Second episode: severe, IgG positive seven days 

after onset.  

-Genome sequencing identified D80A, E484K and 

N501Y mutations in the spike region, characterizing 

the 501Y.V2 lineage B.1.351 variant. 

-While the strain from the first episode was not 

available for sequencing, the occurrence of the 

primary infection one month before emergence of 

the 501Y.V2 strain in South Africa and three months 

before its first description in France rules out 

persistent viral shedding.  

Colson (2020) 

(69) 

LTE 

 

Case report 

 

France 

 

Apr-Aug 

2020 

Describes a confirmed case of 

reinfection in a 70 year old 

immunocompetent man. Analysis 

supported by viral whole genome 

sequencing, phylogenomic viral 

analysis, and serology.  

Nasopharyngeal swabs 

-Time between episodes was 105 days. 

-First episode: mild, Ct 27, IgG negative 2 weeks after 

onset but positive 4 weeks after onset (indicating 

seroconversion). 

-Second episode: asymptomatic, Ct 18,  

-Genomic analysis showed that the first and second 

viral strains differed by 34 nucleotides. The strain 

from the first episode was most closely related to 

strains from Nextrain clase 20A, circulating in the 

geographic area at that time during the first 

outbreak. The virus strain from the second episode 

was most closely related to the Marseille 4 lineage 

that emerged in the cases geographical area during 

the second outbreak.  

Harrington 

(2021) (71) 

Described a confirmed case of 

reinfection with caused by the ‘new 

Nose and throat swabs 

-Time between episodes was 250 days.  

https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciab129/6132402
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciab129/6132402
https://www.sciencedirect.com/science/article/pii/S0163445320307064?via%3Dihub
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciab014/6076528?searchresult=1
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciab014/6076528?searchresult=1
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LTE 

 

Case report 

 

UK 

 

Apr-Dec 

2020 

variant’ VOC-202012/01 of lineage 

B.1.1.7 in a 78 year old man with 

diabetes mellitus, diabetic 

nephropathy on 

haemodialysis, chronic obstructive 

pulmonary disease (COPD), mixed 

central and obstructive sleep 

apnoea, ischaemic heart disease. 

Analysis supported by viral whole 

genome sequencing, 

phylogenomic analysis, and 

serology.  

-First episode: mild, Ct 26, SARS-CoV-2 IgM and IgG 

antibodies targeting viral nucleocapsid ‘N’ antigen 

were detectable on six occasions from two months 

after initial infection to 8 months after infection with 

no evidence of antibody waning. 

-Second episode: severe, Ct 28, no serology reported 

-Whole genome sequencing and phylogenetics 

showed that the virus strain in the first episode 

belonged to lineage B.2 while the virus strain in the 

second episode belonged to lineage B.1.1.7 and 

accumulated 18 amino-acid replacements across the 

genome. 

Mulder 

(2020) (72) 

LTE 

 

Case report 

 

Netherlands 

 

Timeline not 

specified 

Describes a confirmed case of 

reinfection in a 89 year old woman, 

suffering from cancer 

(Waldenström’s 

macroglobulinemia), treated with 

B-cell-depleting therapy. Analysis 

supported by whole genome 

sequencing.  

Nasopharyngeal swabs 

-Time between episodes was 54 days. 

-First episode: moderate symptoms, Ct 26.2, no 

antibody test done. 

-Second episode: severe symptoms resulting in 

death, Ct 25.2, WANTAI SARS-CoV-2 Ab and IgM 

ELISA were both negative. 

-The two strains differed at ten nucleotide positions 

and the sequences did not cluster in the 

phylogenetic tree.  

Prado-Vivar 

(2020) (73) 

 

Case report 

 

Ecuador 

 

May-Jul 2020 

Describes a confirmed case of 

reinfection in a 46 year old man. 

Analysis supported by viral whole 

genome sequencing and serology.  

Oropharyngeal swabs 

-Time between episodes was 63 days.  

-First episode: mild symptoms, Ct 36.85, IgG negative 

& IgM positive six days after symptom onset.  

-Second episode: moderate symptoms, Ct 30.82, IgG 

and IgM positive 30 days post symptom onset.  

-First and second viral genomes belonged to 

different clades. For the first infection, the genome 

was assigned to the B1.p9 GISAID clade while the 

variant associated with the second episode was 

assigned to the A.1.1 GISAID clade. 

Gupta (2020) 

(74) 

LTE 

 

Case report 

 

India 

 

May-Sep 

2020 

Describes confirmed cases of 

reinfection in two healthy 

healthcare workers (25 year old 

man and 28 year old woman) 

detected during routine 

surveillance. Analysis supported by 

whole genome sequencing.  

Nasopharyngeal/oropharyngeal swabs 

Case 1 

-Time between episodes was 108 days.  

-First episode: asymptomatic, Ct 36, no antibody test 

done.  

Second episode: asymptomatic, Ct 16.6, no antibody 

test done.  

-First and second viral genomes revealed 9 unique 

variant differences.  

 

Case 2 

-Time between episodes was 111 days.  

https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1538/5920950
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1538/5920950
https://www.sciencedirect.com/science/article/pii/S1473309920309105?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1473309920309105?via%3Dihub
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1451/5910388
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-First episode: asymptomatic, Ct 28.16, no antibody 

test done.  

-Second episode: asymptomatic, Ct 16.92, no 

antibody test done.  

-First and second viral genomes revealed 10 unique 

variant differences. The genetic variation 

22882T>G(S:N440K) was found within the receptor 

binding domain of the second episode viral genome. 

 

-The authors suggest that asymptomatic reinfection 

may be a potentially underreported entity. 

Shastri (2020) 

(75) 

Preprint 

 

Case series 

 

India 

 

May-Jul 2020 

Describes confirmed cases of 

reinfection in four frontline 

healthcare workers (27 year old 

male, 31 year old male, 27 year old 

male, 24 year old female). Analysis 

supported by whole genome 

sequencing, phylogenomic 

analysis, and serology.  

Nasopharyngeal and oropharyngeal swabs 

-Time between episodes was 60, 59, 13, and 48 days. 

-First episode: two mild cases and two asymptomatic 

cases 

-Second episode: All cases were mild 

-Three cases were negative for anti-nucleocapsid 

antibodies after the second infection. 

-The authors hypothesize that those who do not 

seroconvert may not have the same degree of 

protection from reinfection as those with high titres 

of antibodies. 

-Comparative genomic and protein-based 

annotation analyses revealed differences in the 

presence and absence of specific mutations in the 

virus sequences from the first and second episode in 

all four paired samples. 

Salehi-Vaziri 

2021 (76) 

Preprint 

 

Case series 

 

Iran 

 

Mar-Apr 

2020 

Describes three confirmed COVID-

19 cases that presented with 

possible re-infection some months 

after initial symptom resolution. 

Epidemiological data and whole 

genome sequencing supported the 

possibility of reinfection in two of 

the cases (32 year old male and a 

42 year old male).  

Nasopharyngeal and oropharyngeal swabs 

Case 1 

-Time between episodes was 63 days. 

-First episode: mild, IgM positive 

-Second episode: moderate, IgG titration was 

assessed as 4.89 AU/ml which significantly increased 

after two months. 

- Genome sequencing revealed a D614G mutation of 

S gene from the second isolated sample.  

 

Case 2 

-Time between episodes was 111 days. 

-First episode: mild, antibody testing not done 

-Second episode moderate, IgG titration was 17.5 

IU/ml which decreased to 6.5 

IU/ml after almost two weeks. 

- Genome sequencing revealed a D614G mutation of 

S gene from the second isolated sample. 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3688220
https://www.researchsquare.com/article/rs-185401/v1
https://www.researchsquare.com/article/rs-185401/v1
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LTE= letter to the editor 

APPENDIX 2: 

 
Figure 3  Post (2020) (19) 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0244126

