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Summary
INTRODUCTION: With the emergence of newer SARS-
CoV-2 variants and their substantial effects on the levels
and duration of protection against infection, an under-
standing of these characteristics of the protection con-
ferred by humoral and cellular immunity can aid in the
proper development and implementation of vaccine and
safety guidelines.

METHODS: We conducted a rapid literature review and
searched five electronic databases weekly from 1 Novem-
ber 2021 to 30 September 2022. Studies that assessed
the humoral or cellular immunity conferred by infection,
vaccination or a hybrid (combination of both) in adults and
risk groups (immunocompromised and older populations)
were identified. Studies were eligible when they report-
ed data on immunological assays of COVID-19 (related to
vaccination and/or infection) or the effectiveness of protec-
tion (related to the effectiveness of vaccination and/or in-
fection).

RESULTS: We screened 5103 studies and included 205
studies, of which 70 provided data on the duration of pro-
tection against SARS-CoV-2 infection. The duration of pro-
tection of adaptive immunity was greatly impacted by Omi-
cron and its subvariants: levels of protection were low
by 3–6 months from exposure to infection/vaccination. Al-
though more durable, cellular immunity also showed signs
of waning by 6 months. First and second mRNA vaccine
booster doses increased the levels of protection against
infection and severe disease from Omicron and its sub-
variants but continued to demonstrate a high degree of
waning over time.

CONCLUSION: All humoral immunities (infection-ac-
quired, vaccine-acquired and hybrid) waned by 3–6
months. Cellular immunity was more durable but showed
signs of waning by 6 months. Hybrid immunity had the
highest magnitude of protection against SARS-CoV-2 in-
fection. Boosting may be recommended as early as 3–4
months after the last dose, especially in risk groups.

Introduction

As the fight against COVID-19 persists globally and the
emergence of several SARS-CoV-2 variants continues to
change the clinical and epidemiological course of the pan-
demic, an understanding of the duration of long-term pro-
tection against SARS-CoV-2 infection conferred by hu-
moral and cellular immunity can aid in the rapid
implementation of vaccine and safety guidelines. The
adaptive immune response, composed of the humoral and
cellular responses, can be measured by analysing antibody
levels, neutralising antibodies and T cell and memory B
cell responses. Antibodies that recognise receptor-binding
domains (RBDs) have been considered the most important
component of immunity against SARS-CoV-2 in humans
due to their neutralising activity [1]. Nonetheless, the in-
duction of SARS-CoV-2-specific memory T cells and B
cells is also important because it provides long-term pro-
tection against infection [2].

Many COVID-19 vaccines have been designed to target
the SARS-CoV-2 spike protein, with a focus on the re-
ceptor-binding domain as it mediates viral entry into cells
[3]. However, mutations in the SARS-CoV-2 spike protein
have resulted in the emergence of SARS-CoV-2 variants
of concern. These variants of concern have demonstrated
decreased sensitivity to convalescent sera and threaten the
effectiveness and duration of protection of available
COVID-19 vaccines [4]. As of December 2022, five vari-
ants of concern had been identified: Alpha (B.1.1.7), Beta
(B.1.351), Gamma (P.1), Delta (B.1.617.2) and Omicron
(B.1.1.529), including its multiple subvariants [5]. Of the
five variants of concern, Omicron has accumulated the
highest number of mutations and has mediated the greatest
level of immune escape [6]. With its enhanced transmissi-
bility and immune escape, Omicron, and the multiple sub-
variants that have emerged from it, has become the most
dominant COVID-19 variant circulating by the time of
writing. Omicron is comprised of various sister lineages, of
which BA.4 and BA.5 have been shown to escape neutrali-
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sation to a higher degree than the original Omicron variant
(B.1.1.529) and the three previous sister lineages [7].

Vaccination against SARS-CoV-2 has shown a high pre-
ventive effect worldwide, especially for reducing severe
illness and death [8]. However, with newly emerging vari-
ants, especially Omicron, a high reduction in levels of hu-
moral and cellular immunity has been observed, and vac-
cine effectiveness has also been affected. Several of the
studies included in this review have demonstrated wan-
ing protection against the SARS-CoV-2 virus and its Omi-
cron variant and subvariants of both humoral and cellular
immunity. With each new Omicron subvariant, the ability
of the antibodies elicited through vaccination to neutralise
the variants is lower than that of the previous variant [9].
Consequently, these new subvariants influence vaccine ef-
fectiveness and the durability of the established protection
against SARS-CoV-2 infection [10]. Therefore, analysing
the effects that Omicron and its subvariants have on the
levels and duration of protection against SARS-CoV-2 in-
fection elicited by adaptive immunity is crucial to appro-
priately implement public health decisions. Due to the con-
siderable number of publications shared daily, a rapid
literature review was performed to assess evidence of the
levels and duration of long-term protection against SARS-
CoV-2 infection in adults and risk groups (immunocom-
promised and older individuals).

Methods

Literature and information search

A search for literature published each week was completed
using the following electronic databases: MEDLINE
(PubMed), Embase, medRxiv and bioRxiv, Cochrane Li-
brary and Social Science Research Network (SSRN). Grey
literature, such as information produced by government
agencies and academic institutions and press releases, and
journals such as the New England Journal of Medicine,
The Lancet and Nature (which publish articles before they
appear in search engines) were hand-searched.

We employed a search strategy composed of text words
(e.g. coronavirus disease), MeSH terms (e.g. COVID-19
immunity), Boolean terms (e.g. AND, OR) and truncations
(e.g. immune*) to electronically identify studies related
to SARS-CoV-2 immunity in the MEDLINE, Embase and
medRxiv/bioRxiv databases. The literature search was per-
formed weekly by one of the researchers. The search
strategies for MEDLINE, Embase and medRxiv/bioRxiv
can be found in the appendix.

Identified literature was imported into a library in EndNote
for storage and detection and deletion of duplicated arti-
cles. Screening and full-text review were completed using
Rayyan systematic review software [11].

Literature screening

Search-identified literature was imported into Rayyan, and
titles and abstracts were screened for articles related to
COVID-19 immunology. At least two reviewers screened
the literature and agreed on its inclusion in the full-text re-
view. If a conflict arose during the title and abstract screen-
ing, a third, more experienced reviewer screened the study
and made a final decision. Full-text reviews were per-

formed to assess the relevancy of each selected article. Rel-
evancy was decided based on the inclusion and exclusion
criteria and topics of interest. Studies selected for full-text
review were further screened in Rayyan for literature as-
sessment and selection by two reviewers. If a conflict arose
during the full-text review, then a third, more experienced
reviewer reviewed the study and made a final decision.

Eligibility of studies

Eligible studies were those reporting any data on immuno-
logical assays of COVID-19 (related to vaccination and/or
infection) or the effectiveness of protection against SARS-
CoV-2 infection (related to the effectiveness of vaccination
and/or infection). The population of interest was healthy
and immunocompromised people in any geographic set-
ting. Three main exposure groups were eligible for in-
clusion: individuals fully vaccinated or boosted for
COVID-19 (restricted to vaccines approved in Switzer-
land), individuals with previously confirmed infection and
individuals with previously confirmed infection and docu-
mented vaccination. The outcome of interest was vaccine
effectiveness or immunogenicity against SARS-CoV-2
Omicron infection, hospitalisation, severe disease and
death. Test-negative case-control, cross-sectional, cohort,
non-randomised controlled trial and randomised controlled
trial studies were eligible for inclusion. Due to the focus
on the duration of long-term protection, studies evaluating
immunology over a long time period (n = 70) were cat-
egorised as “duration of protection” and emphasised in
this report. No language restriction was imposed (though
the search queries were in English), and we limited the
search to studies published between 1 November 2021 and
30 September 2022 to capture studies covering the emer-
gence of the Omicron variant. Underage individuals (in-
fants, children and adolescents) and pregnant women were
excluded from our search. Additionally, studies of new and
second-generation vaccines and other vaccine platforms
not approved in Switzerland were not included.

Risk of bias (quality) assessment

Our study focused on frequent screening to keep up with
the rapidly growing body of COVID-19 literature and pro-
vide updates for researchers and public health experts. We
acknowledge the absence of a quality assessment in our
rapid review, and we understand the importance of assess-
ing the strength of evidence in future research.

Data extraction and analysis

Data were extracted and imported into a common Excel
table for studies that included, but were not limited to, data
on the immunological surveillance of COVID-19 immu-
nity after vaccination and/or infection. The findings were
grouped and summarised by topic (e.g. humoral immunity,
cellular immunity, vaccine effectiveness and risk groups).

Ethical approval

No ethical approval was required.
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Results

A total of 9536 studies were found using the search
queries; 5103 studies remained after the removal of du-
plicates. After title and abstract screening by two authors,
1409 studies were included for full-text review. After full-
text review, 205 articles were included in this review. Of
the 205 articles, 70 addressed the duration of protection
against SARS-CoV-2 infection and were highlighted in the
review (figure 1). Further details on the characteristics of
the included studies can be found in table S1 in the ap-
pendix. The review was mandated by the Federal Office of
Public Health, and detailed reports can be found on their
website (https://www.bag.admin.ch/bag/en/home/das-bag/
publikationen/forschungsberichte/forschungsberichte-ue-
bertragbare-krankheiten/forschung-wissenschaft-
covid-19.html) (under the “Literature searches” section
and “Monitoring COVID-19 immunity” subsection).

A visual summary of the general results of the levels of
protection of SARS-CoV-2 infection over time for the dif-
ferent types of immunity is presented in figure 2.

Duration of infection-acquired immunity

The longevity and durability of protection against Omicron
conferred by prior infection were assessed in three studies,
in which a clear decrease in the elicited antibodies was
observed after 10–12 months [1, 12, 13]. Twelve months
post-infection, the humoral response in mild COVID-19
convalescents was significantly reduced and completely
abrogated for the Omicron variant (B.1.1.529) [13]. In

terms of the kinetics and durability of SARS-CoV-2-spe-
cific antibodies, a significant reduction in all levels of
binding and neutralising antibodies was observed over 12
months; the half-life of IgG receptor-binding domain was
estimated at 2.79 months, and the half-life of IgG N was
estimated at 1.98 months [12]. Neutralising antibodies
were shown to decay at a slower rate than binding antibod-
ies, with an estimated half-life of 5.13 months [12]. Lev-
els of humoral response were directly correlated with cel-
lular response; high levels of virus-specific CD4+ T cells
during the early convalescent phase were correlated with
long-term neutralising antibody levels [12]. Additionally,
the binding and neutralising antibodies in the low CD4+

group had a faster estimated decay rate and shorter half-life
than those in the high CD4+ group [12].

Multiple studies analysed T cell and memory B cell re-
sponses in convalescent individuals [12–15]. In two of the
studies, cellular immunity was conserved up to 1 year after
infection, with T cells showing a slightly stronger memory
than B cells [13, 15]. Both studies also observed a high-
er frequency of CD4+ T cells than CD8+ T cells, although
a majority of CD8+ T cell epitopes of SARS-CoV-2 were
reportedly conserved in Omicron [13, 15]. In the study by
Wang et al., high percentages of virus-specific CD4+ T
cells and cTfh1 cells were associated with a slower decline
in humoral immunity, highlighting the importance of coor-
dinating T cell and humoral immunity to achieve long-term
protective immunity [12].

Figure 1: PRISMA flowchart of study identification and selection.
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The effectiveness of previous infection waned more slowly
than that of two and three doses of mRNA-1273 and
BNT162b2 vaccines. Altarawneh et al. showed that the
protection against SARS-CoV-2 infection after vaccination
was negligible 6 months after the first and second booster
doses (mRNA, 41.2%, vs BNT162b2, 44.7%, after 1
month) [16], while infection-acquired effectiveness ranged
from 65–75% at 4–6 months and 32–53% at 10–12 months
[16–19].

Duration of vaccine-acquired immunity

The level of neutralising antibodies against the Omicron
variant B.1.1529 3–6 months after receiving the second
dose of any mRNA vaccine (BNT162b2 or mRNA-1273)
was lower than those against previous variants, such as the
original wild strain or the Delta variant, irrespective of the
recipient’s age [9, 20–25]. In addition, antibody levels after
the second dose gradually decreased over time, leading ful-
ly vaccinated individuals, those receiving one dose of the
Janssen vaccine or two doses of the mRNA vaccines, more
vulnerable to breakthrough infections [20]. These low lev-
els of antibody titres were observed 6 months after full
administration of the primary scheduled mRNA vaccines
mRNA-1273 and BNT162b2 and were not demonstrated
to be sufficient for preventing breakthrough infections of
the Omicron variant [26]. Nevertheless, binding antibodies
against vaccine strain spike proteins and the receptor-bind-
ing domain have been shown to be significantly higher in
boosted individuals compared with individuals who did not
receive a booster dose, demonstrating that a booster dose
increases antibody levels and inhibition against the Omi-
cron variant [26–28].

Various studies demonstrated that, a few months after re-
ceiving a first booster dose, the neutralisation geometric
mean titres (GMTs), along with the levels of binding an-
tibodies, decreased significantly [7, 25, 27, 29]. Within 4

months after the administration of a booster dose, a 3-
to 4-fold decrease in protection against SARS-CoV-2 in-
fection was observed for all strains, including Omicron
(B.1.1.529) [29], while Omicron BA.1 neutralising anti-
bodies substantially waned by 3 months after homologous
mRNA boosting and heterologous boosting with mRNA
or Ad26.COV2.S vaccines [7]. Furthermore, the waning
of Omicron-binding antibodies was observed as soon as
14 days after booster administration; the titres for IgA and
IgG peaked on day 9 but significantly decreased by day 14
after immunisation to 66.6% for IgA (42.3% decrease) and
to 30.6% for IgG antibodies (15.7% decrease) [27].

For third doses, a slower waning of the humoral response
after a third BNT162b2 dose versus a second dose was re-
ported [29]. Similar kinetics were observed in neutralising
antibodies, for which a slower rate of decrease after the
third vaccine dose than after the second dose was demon-
strated [29]. The mean avidity – the overall strength in
binding between an antibody and antigen – observed was
65.7% one month after the second vaccine dose, with no
significant change 6 months after the second dose. How-
ever, avidity increased to 97.4% 1 month after the third
vaccine dose and 98.04% 4 months after the third dose of
BNT162b2 [29]. In other words, the binding strength be-
tween the antibody and antigen was stronger in individuals
who received a third vaccine dose than in individuals who
received only two doses, highlighting the stronger humoral
response obtained after receiving a booster dose. Studies
comparing different types of immunity revealed that the
levels of neutralising antibodies in mRNA-vaccinated in-
dividuals were elevated up to 1 year after infection, while
the anti-N titres amounted to only approximately 66 AU 1
year and approximately 21 AU 2 months after infection-ac-
quired immunity [30].

A general decrease in the effectiveness of the protection
offered by vaccination against SARS-CoV-2 symptomatic

Figure 2: Visual summary comparing the levels of antibodies and T and B cells from day 1 to day 365 (over a 1-year period) for infection-ac-
quired, vaccine-acquired and hybrid immunity. This figure provides a generalised summary based on the included studies. The designs, dura-
tions and results of the included studies were very heterogenous, allowing for only a very generalised summary. * Few studies with results on
the duration of the protection of hybrid immunity were included in the review and used to draw conclusions; nonetheless, it is safe to assume
that similar trends in infection-acquired immunity can be expected.
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infection was observed, in which two doses of BNT162b2
offered a modest effectiveness of 65.5% 2–4 weeks after
vaccination but later dropped to 8.8% at 25 weeks and be-
yond [31]. A similar decrease in the duration of protec-
tion was noted for booster doses; three doses of BNT162b2
had an effectiveness of 67.2% at 2–4 weeks, which then
plunged to 45.7% at 10 weeks and beyond [31]. The du-
ration of the protection of vaccine-acquired immunity was
stronger against severe outcomes and hospitalisation; the
estimated mRNA booster effectiveness (BNT162b2 and
mRNA-1273 combined) was 87.4% 15–60 days after
boosting and 87.2% 5–6 months after boosting, with no
significant differences among various vaccine combina-
tions [32]. With the spread of the more infectious Omicron
subvariants BA.1/BA.2 and BA.4/BA.5, the duration of
vaccine protection was compromised, and rapid waning of
vaccine effectiveness in protecting against hospitalisation
due to current sub-lineages of the Omicron variant was ob-
served [10].

Waning of memory T cell responses for both the Delta
and Omicron variants was observed 3 months after vac-
cination [33]. Similar to CD4+ T cell responses, CD8+ T
cells were consistently detected in more vaccinees than
in non-vaccinated controls, though CD4+ T cell responses
were stronger up to 6 months after all vaccination regimens
[34]. Both CD8+ and CD4+ T cells were maintained after
8 months with some decline and were restored to initial
levels by booster vaccination [8]. Additionally, more than
one-third of resting memory B cells bound Beta and Omi-
cron variants and steadily increased the B cell receptor
breadth up to 4.9 months after vaccination [35]. T cell
responses declined between 28 days and 5 months after
booster vaccination towards levels similar to those detect-
ed prior to vaccination with the Ad26.COV2.S booster
[36]. Furthermore, the durability of cellular immune re-
sponses in individuals who received a primary vaccination
of Pfizer BNT162b2 and were boosted with either
Ad26.COV2.S or BNT162b2 was assessed [37]. At 16
weeks, median Omicron T cell responses generated by the
Ad26.COV2.S booster were higher than those generated
by the BNT162b2 booster [37].

The cellular immune responses after a fourth vaccine dose
compared to those after breakthrough infections reached
peak frequencies approximately 60 days after the second
dose; a substantial but short-lived booster effect after the
third dose was reported [38]. Within 30–60 days after the
third dose, the CD8+ T cell response was reduced back to
pre-third dose levels. When analysing the CD8+ T cell re-
sponses after the fourth antigen contact, either by a fourth
vaccine dose or by breakthrough infection with Omicron or
Delta after three doses, the T cell response was rapidly and
robustly induced at similar frequencies. Furthermore, 1 or
2 months after breakthrough infection and second boost-
er vaccination, a fully functional T cell memory was pre-
sent with similar reactivation capacities [38]. Additionally,
the spike-specific CD8+ T cells elicited by a fourth vaccine
had a substantial response towards variants of concern, in-
cluding Omicron.

Duration of hybrid immunity

Similar to previous results on the duration of protection
conferred by infection-acquired or vaccine-acquired im-

munity, hybrid immunity showed signs of waning. To eval-
uate the lifespan of the antibodies elicited against the Omi-
cron variant, Chang et al. [39] divided study participants
into two groups: one representing a short interval (6
months after recovery from infection) and one representing
a long interval (12 months after recovery from infection).
Antibodies elicited against Omicron significantly de-
creased in neutralisation ability 6 months after recovery
from infection, when the GMT ratio was 2.6; the GMT ra-
tio 12 months after recovery was 1.7 [39]. When compar-
ing different immunities (vaccine-acquired and hybrid), a
greater decay was found in vaccinated and uninfected in-
dividuals than in previously infected and vaccinated indi-
viduals, in which the neutralising antibodies waned more
than the binding antibodies (11.5- and 10.2-fold decreases
in uninfected individuals vs 2.9- and 2.5-fold decreases in
previously infected individuals in neutralising and bind-
ing antibodies, respectively) [40]. Nonetheless, the neu-
tralising antibody titres against all variants tested, includ-
ing Omicron, declined 1–6 months after the second mRNA
vaccine dose [41]. The sera from naïve vaccinated par-
ticipants demonstrated no neutralising activity against the
Omicron variant, while fully vaccinated individuals who
recovered from COVID-19 showed a 22-fold reduction,
with most participants retaining their neutralising antibody
response [42].

Similar kinetics were found in boosted individuals; booster
durability waned more substantially in uninfected individ-
uals than in those who had acquired a breakthrough infec-
tion [43]. In contrast, two studies observed that the decay
of the humoral response was faster in infected and vacci-
nated participants than uninfected and vaccinated partici-
pants [29, 40].

The effectiveness of hybrid immunity 7–59 days post-vac-
cination with two doses of an mRNA vaccine was 89% and
eventually decreased to 68% at 6–12 months. Similar pro-
tection over time was noted in participants who received
three doses and had a previous infection [17]. In terms of
severe outcomes, multiple studies found that hybrid immu-
nity conferred more durable protection against deaths and
hospitalisation than against infections over time [44, 45]
(84.5% vs 52.8% at 3–5 months, 89.5% vs 32.7% at 6–12
months, 80.3% vs 14.7% after 1 year [44]). A similar pat-
tern was found for BNT162b2 and Ad26.COV2.S, whose
effectiveness after the respective booster dose was high-
er against severe outcomes than against infection (boost-
er dose BNT162b2 after 2–9 weeks, 95.7% vs 70%;
Ad26.COV2.S after 2–9 weeks, 97.5% vs 47.2%) and
higher against infection for BNT162b2 than for
Ad26.COV2.S [44].

Duration of immunity in risk groups

Immunocompromised groups

A third or fourth dose of an mRNA vaccine enhanced and
sustained the antibody response against the Omicron vari-
ant in a high proportion of immunocompromised groups
[46–59]. Nonetheless, lower levels of neutralising antibod-
ies against Omicron after three doses of an mRNA vaccine
and subsequent breakthrough infections in both immuno-
compromised and healthy groups were observed compared
to the levels against the wild-type and Delta variant [50].
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Additionally, a cohort study on solid organ transplant re-
cipients found that, even after four doses of an mRNA vac-
cine, participants still had poor neutralising antibody re-
sponses against Omicron, particularly compared to healthy
controls [52], and immunosuppressive treatments such as
infliximab in inflammatory bowel disease patients were as-
sociated with attenuated and waning antibody responses
[53]. Despite booster doses increasing the humoral re-
sponse against Omicron, neutralisation of Omicron was
still substantially weaker than that of earlier variants.
Moreover, waning of the neutralising antibody response
in immunocompromised individuals with time after vacci-
nation was demonstrated [48, 60–62]. One month after a
third dose of an mRNA vaccine, 18.3% of organ transplant
recipients had detectable levels of neutralising antibodies
against Omicron; this decreased to 15.7% 3 months after
vaccination [60]. Similarly, antibody responses waned sig-
nificantly 6 months after second and third doses of mR-
NA vaccines in kidney transplant recipients and cancer
patients, respectively, in whom neutralisation against the
Omicron variant was significantly attenuated or complete-
ly missing 6 months after vaccination [61, 62].

Spike-specific CD4+ and CD8+ T cells against all variants,
including Omicron, were sustained in 45–60% of multiple
sclerosis patients taking B cell depleting drugs 6 months
after their second vaccination, albeit at lower median fre-
quencies against the Delta and Omicron variants than
against the original SARS-CoV-2 vaccine strain [63]. Fur-
thermore, the spike-specific T cell response up to 3 months
after two doses of an mRNA vaccine was comparable
between inflammatory bowel disease (IBD) patients and
healthy individuals [64]. Similar results were demonstrated
in heart transplant and solid tumour patients, in whom a
durable T cell response was maintained 6 months after a
third dose of BNT162b2 vaccine [61, 65]. Additionally, the
T cell response was sustained at a higher magnitude, par-
ticularly in those treated with tumour necrosis factor (TNF)
inhibitor therapy. The T cell response against mutations
present in the Omicron variant was found to be mainly pre-
served in these patients [64]. Similarly, primary antibody
deficiency patients were still able to mount a durable CD4+

T cell response specific to SARS-CoV-2 that was similar
to that of healthy groups after mRNA vaccination [66].

Cellular immunity increased upon receipt of third and
fourth doses of an mRNA vaccine [48, 63, 67, 68]. In ad-
dition, a third dose enhanced the number of responders
to all variants (55–75% of patients) and significantly in-
creased CD8+ T cell responses [63]. However, even after a
third mRNA vaccine dose, SARS-CoV-2-specific interfer-
on(IFN)-γ responses were much lower in kidney transplant
recipients, although interleukin(IL)-2 responses remained
similar to those of healthy participants [69]. T cell re-
sponses deteriorated significantly in immunocompromised
groups 6 months after mRNA vaccination. Notably, SARS-
CoV-2 T cells became undetectable in a significant propor-
tion of dialysis patients and the majority of kidney trans-
plant recipients 6 months post-vaccination [62].

Older groups

Decreasing levels of neutralising antibodies over time were
observed in older groups. A 4.9-fold decrease in neutralis-
ing antibody titres was detected 3–20 weeks after mRNA

vaccination, while a greater decline in Omicron neutrali-
sation was reported among older patients 6 months after a
third dose of an mRNA vaccine [70, 71]. In contrast, hy-
brid immunity resulted in a more sustained humoral re-
sponse over time in older groups of individuals aged 80
years and older 15 months after COVID-19 infection; they
were able to sustain their SARS-CoV-2 spike-specific IgG
antibody response [72]. Additionally, vaccination with a
single dose of an mRNA vaccine enhanced the antibody
response in previously infected individuals more signifi-
cantly than in naïve individuals receiving two doses [72].
Infected patients were able to sustain high levels of anti-
receptor-binding domain antibodies 7 months after their
second dose of an mRNA vaccine, and, upon receiving
the third dose, both anti-receptor-binding domain and neu-
tralising antibody titres against Omicron increased more
notably in previously infected groups than in SARS-
CoV-2-naïve individuals [73]. In contrast, Gilboa et al.
[29] observed that, in participants aged 65 years and older,
IgG and neutralising antibodies declined more rapidly in
infected individuals.

Few studies focused on cellular immunity in high-risk
groups. Gimenez et al. [73] assessed cellular immunity fol-
lowing a third dose of the Pfizer vaccine in nursing home
residents. However, while they found that most of the as-
sessed residents had a detectable T cell response at base-
line, changes in SARS-CoV-2 S-specific T cells after a
third dose of an mRNA vaccine were negligible [73]. In
contrast, another study [74] found that, while baseline CD4
TH1 was substantially lower in an older group pre-vaccina-
tion, TH1 response was similar to that of younger groups
post-vaccination. Additionally, this same study found that
older adults produced more IFN-γ than younger adults
post-vaccination [74].

However, studies have demonstrated that vaccine effec-
tiveness wanes over time [75]. As observed with the first
booster (third dose), the protection against infection was
short lived. However, protection against severe illness did
not disappear during the study period (i.e. 6 weeks after re-
ceiving the fourth dose) [75, 76]. Baum et al. [77] found
that, 91–180 days after a second dose, vaccine effective-
ness against hospitalisation had decreased from 91% to
76%. Similar results were observed by Gazit et al. [78]
after a fourth dose of an mRNA vaccine. Relative effec-
tiveness of the fourth dose of the Pfizer vaccine waned
significantly by the tenth week after peaking 3 weeks post-
vaccination. However, in the same study, relative effective-
ness of the fourth dose against severe COVID-19 was sus-
tained throughout the study period [78]. This is consistent
with the findings of Bar-On et al. [75].

Discussion

Although quantifying the exact duration of protection
against SARS-CoV-2 infection poses a great challenge, nu-
merous articles have found a significant decrease in the
levels of protection, especially against the Omicron variant
(B.1.1.529) and its subvariants, 3–6 months after primary,
first booster and second booster vaccination. A list of all
the included studies discussing duration of protection is
available in the appendix (Data Protection Sheet). In a sys-
tematic review and meta-regression study on the duration
of effectiveness of vaccination against COVID-19 caused
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by the Omicron variant, similar results were reported [79].
Overall, 6 months after vaccination, the primary vaccine
series led to little protection against symptomatic infec-
tions and to a more rapid decrease in vaccine effective-
ness during the Omicron period (47.6% decrease [95%
CI, 36.6–60.2]) than the pre-Omicron period (24.9% de-
crease [95% CI, 13.4–41.6]), while decreases in vaccine
effectiveness for severe diseases remained relatively simi-
lar [79]. With the first booster vaccination, the waning of
protection against Omicron was generally higher than af-
ter the primary vaccine series for all outcomes; the mean
decrease in vaccine effectiveness against symptomatic dis-
ease from 1–4 months was 24.3% (95% CI, 19.9–29.1) and
projected to 6 months was 28.5% (95 CI, 18.3–40.5) [79].
For second booster doses (fourth doses), the durability of
protection against Omicron infections remains relatively
uncertain, although a study analysing the protection of a
fourth dose over time demonstrated that, for confirmed in-
fections, a fourth dose appeared to provide only short-term
protection and a modest absolute benefit [75].

When estimating the half-lives and decay rates of humoral
responses, neutralising antibodies were found to wane at
higher rates than binding antibodies in vaccinated individ-
uals [40], while total neutralising antibodies had longer
lifespans in convalescent individuals [12]. A correlation
between cellular and humoral immunity has also been
found, where increased levels of CD4+ T cells in cellular
immunity are associated with prolonged neutralising an-
tibody responses, crucial for long-term defense against
SARS-CoV-2 infection. In the study by Wang et al. [12],
high levels of virus-specific CD4+ T cells at baseline were
correlated with long-term neutralising levels, indicating
the possible role of CD4+ T cells in regulating long-term
humoral immunity in patients with previous COVID-19 in-
fection. Additional differences in the duration and waning
of humoral immunity were also noted among the diverse
types of antibodies. For instance, the decay of IgG-bind-
ing antibodies against variants 30 days after the third or
fourth vaccine dose was more pronounced than the decay
of the IgA response, suggesting possible long-term ad-
vantages of IgA antibodies [80]. These results provide
evidence that next-generation vaccines targeting the mu-
cosal immunity driven by IgA antibodies could be a solu-
tion to the continuous waning of protection against newly
emerged variants. In fact, the highest levels of humoral and
even cellular immunity were observed in cases of hybrid
immunity in which infections triggered a strong IgA re-
sponse and detectable Omicron-neutralising activity [81].
While the current COVID-19 vaccines continue to demon-
strate durable protection against severe outcomes and hos-
pitalisation, their performance at reducing mild illness and
transmission, especially with Omicron variants, is subopti-
mal. With the potential use of nasal vaccines, the thin mu-
cous membrane that lines the nose, mouth and lungs could,
in theory, prevent even mild cases of illness and block
transmission to other people – something the first-gener-
ation COVID-19 vaccines have been unable to achieve –
while triggering a strong and durable IgA response. As of
October 2022, two nasal COVID-19 vaccines have been
approved for use as booster doses in India and China [82,
83]. Although evidence of the effectiveness and duration
of protection of such vaccines is scarce, a phase II trial of
CanSino’s inhaled vaccines found that they raised blood-

serum antibody levels significantly more than an intramus-
cular booster dose [83].

Strengths and limitations

To our knowledge, this is the largest review of humoral
and cellular immunity against SARS-CoV-2 in adults and
risk groups. The studies presented covered the duration of
protection of three types of humoral and cellular immuni-
ty: infection-acquired, vaccine-acquired and hybrid. How-
ever, due to the high complexity of investigating T cell re-
sponses of individuals, there were fewer studies analysing
such immune responses than evaluating humoral immuni-
ty. Consequently, literature addressing cellular immunity
against SARS-CoV-2 was less prevalent than literature on
humoral immunity in our review. This was particularly ap-
parent for high-risk groups; this report was able to identi-
fy only two relevant studies assessing cellular immunity in
older populations. The results of this study do not apply to
other important populations, such as underage individuals
(infants, children and adolescents) and pregnant women,
since those populations were excluded from our search.
Additionally, studies of new and second-generation vac-
cines and other vaccine platforms not approved in Switzer-
land were not included. In addition to the identified gaps in
literature, our report did not assess the risk of bias or quali-
ty of the studies included. Although we attempted to ensure
that our search was as exhaustive as possible, the current
report provides a narrative summary of current data in the
literature that was limited by our eligibility criteria. Any
specific research questions may require further analysis of
data.

Conclusion

Hybrid immunity was shown to elicit the highest levels of
humoral and cellular immunity while lasting longer than
infection-acquired and vaccine-acquired immunity. How-
ever, with the emergence of new Omicron subvariants, the
levels and duration of protection were greatly affected,
leaving immunised individuals prone to infection or rein-
fection. Boosting maintains vaccine effectiveness against
severe disease caused by the current Omicron sub-lin-
eages; nonetheless, the evidence of rapid waning of dura-
bility may indicate that at best, there is a need for regular
boosting as early as 4 months after the last dose and the
need for vaccines to incorporate variants of concern to
maintain protection. In terms of CD8+ T cell responses,
mRNA boosters induced a temporary T effector cell re-
sponse, while spike-specific CD8+ T cell memory was con-
served for targeting variants of concern. Infection with the
Omicron variant or Omicron variant-specific vaccination
may induce a memory T cell response sufficient for pro-
tecting against an Omicron infection. Despite humoral re-
sponse defects, vaccine-induced T cell responses might
still provide a layer of protection for patients undergoing
immune-modifying therapies.
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Appendix  

Search strategy – final report 

 

Medline (PubMed): 

Vaccine-induced Immunity: 

Query: ((((("Coronavirus Infections"[MeSH] OR SARS-CoV-2[tiab] OR coronavirus[tiab] OR 
"coronavirus disease"[tiab] OR "COVID-19"[MeSH] OR "COVID-19"[tiab] OR SARS Virus [MeSH] 
OR SARS-CoV[MeSH] OR "coronavirus"[MeSH] OR severe acute respiratory syndrome corona-
virus 2[MeSH] OR "SARS-CoV-2"[MeSH]) AND ("SARS-CoV-2 variants" [Supplementary Con-
cept])) AND ("Immunity"[MeSH] OR "Antibodies"[MeSH] OR "Serology"[MeSH] OR "Immunol-
ogy"[All Fields] OR "Immunogenicity"[Title/Abstract] OR "Protection"[Title/Abstract])) AND 
(covid-19 vaccine [MeSH] OR "viral vaccine"[tiab] OR vaccine*[tiab] OR vaccination*[tiab] OR 
inoculate*[tiab] or inoculation*[tiab] OR "market-authori*"[tiab] AND vaccine*[tiab])) AND 
(hasabstract[text])) AND ("2021/11/01"[Date - Publication]: "3000"[Date - Publication]) 

Infection Immunity:  

Query: ((((("Coronavirus Infections"[MeSH] OR SARS-CoV-2[tiab] OR coronavirus[tiab] OR 
"coronavirus disease"[tiab] OR "COVID-19"[MeSH] OR "COVID-19"[tiab] OR SARS Virus [MeSH] 
OR SARS-CoV[MeSH] OR "coronavirus"[MeSH] OR severe acute respiratory syndrome corona-
virus 2[MeSH] OR "SARS-CoV-2"[MeSH]) AND ("SARS-CoV-2 variants" [Supplementary Con-
cept])) AND ("Immunity"[MeSH] OR "Antibodies"[MeSH] OR "Serology"[MeSH] OR "Immunol-
ogy"[All Fields] OR "Immunogenicity"[Title/Abstract] OR "Protection"[Title/Abstract])) AND 
("breakthrough infection"[Title/Abstract] OR "reinfection"[Title/Abstract] OR "re-infection"[Ti-
tle/Abstract])) AND (hasabstract[text])) AND ("2021/11/01"[Date - Publication]: "3000"[Date - 
Publication]) 

 

Embase:  

Vaccine-induced Immunity: 

Query: ('severe acute respiratory syndrome coronavirus 2'/exp OR 'severe acute respiratory 
syndrome'/exp OR 'coronavirus infection' OR 'coronavirus disease 2019') AND ('variant of con-
cern' OR 'variant of interest' OR 'sars-cov-2 delta' OR 'sars-cov-2 lineage b.1.1.529') AND ('im-
munity' OR 'immunogenicity' OR 'immunology' OR 'antibody' OR 'protection') AND ('sars-cov-2 
vaccine'/exp OR 'vaccin*':ti,ab OR 'immunization':ti,ab OR 'immunisation':ti,ab) AND [hu-
mans]/lim AND [01-11-2021]/sd AND [2021-2022]/py 
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Infection Immunity: 

Query: ('severe acute respiratory syndrome coronavirus 2'/exp OR 'severe acute respiratory 
syndrome'/exp OR 'coronavirus infection' OR 'coronavirus disease 2019') AND ('variant of con-
cern' OR 'variant of interest' OR 'sars-cov-2 delta' OR 'sars-cov-2 lineage b.1.1.529') AND ('im-
munity' OR 'immunogenicity' OR 'immunology' OR 'antibody' OR 'protection') AND ('break-
through infection' OR 'reinfection' OR 'infection') AND [humans]/lim AND [01-11-2021]/sd AND 
[2021-2022]/py 

 

MedRxiv: 

Limited by word term “(Coronavirus Infection OR SARS-CoV-2 OR COVID-19 OR coronavirus) 
AND (immunity OR immunology OR antibodies) AND (variant)” – search term or keyword – and 
date of publication starts from 01.11.2021 
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Author, year Country Study 
Timeframe 

Study 
Design 

Total Sam-
ple Size 

Population Age  Gender  Immune Status Im-
mun-
ity 

Meas-
urement 
of pro-
tection 

Adachi et al, 2022 Japan  Individuals 
diagnosed 
with COVID-
19 in January 
2022 

Retro-
spec-
tive 
cohort 

32 Patients infected 
with SARS-CoV-2 
omicron after 2 
doses of mRNA vac-
cine 

Median 54 
(16-94) 

77% male Healthy Hybrid Anti-
spike 
protein 
antibod-
ies 

Arashiro, 2022 Japan Delta-domi-
nant period 
(August-Sep-
tember 2021) 
and the Omi-
cron-domi-
nant period 
(January-
March 2022) 

Test-
nega-
tive 
case-
con-
trol 

5795 symptomatic adults 
enrolled in 16 medi-
cal facilities during 
the study period 

20–29, 30-39, 
40-49, 50-59, 
60-69, 70-79, 
80+ 

Female 2893 
(50.0%) 

some participants re-
ported comorbidities 
including hyperten-
sion, heart disease, di-
abetes mellitus, obe-
sity, kidney disease, 
asthma, chronic ob-
structive pulmonary 
disease, cancer, im-
munodeficiency, and 
immunosuppressant 
use 

Vac-
cine 
ac-
quired 

Effec-
tiveness  

Becker 2022 Germany na Longi-
tudi-
nal co-
hort 

88 (50 dy-
alisis; 22 
controls) 

Haemodialysis pa-
tients 

≥18 years Female (n, %): 
9 (38·0); 23 
(69·7) 

Immunocompetent, 
comorbidity, chronic 
diseases 

Vac-
cine 
ac-
quired 

Anti-
SARS-
CoV-2 
RBD IgG 
and 
ACE2 
binding 
inhibi-
tion 

Belik, 2022 Finland December 
2020 to De-
cember 2021 

Pro-
spec-
tive 
longi-

328 Health care workers Median 44, 
(range 22-66) 

13% male NA Vac-
cine-
ac-
quired 

Neutral-
izing an-
tibodies 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8971116/
https://doi.org/10.1093/cid/ciac635
https://doi.org/10.1101/2022.07.13.22277581
https://doi.org/10.1038/s41467-022-30162-5
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tudi-
nal co-
hort 

Bellusci, 2022 United States NA Cohort 81: naïve 
(N = 50) or 
SARS-CoV-
2 conva-
lescent (in-
fection be-
fore vac-
cination; N 
= 31) indi-
viduals 

General population  Mean age: Coi-
valence: 46 
(22–65); Naïve 
53 (30–81) 

Female: Coi-
valence 
21(68); Naïve 
33 (65) 

healthy Vac-
cine 
ac-
quired 
and 
hybrid 

Neutral-
izing an-
tibodies, 
spike 
binding 
antibody 
and an-
tibody 
affinity 

Brlic, 2022 Croatia Samples col-
lected in 3 
periods: No-
vember–De-
cember of 
2020, April 
2021, No-
vember–De-
cember 2021 

Cohort HCWs co-
hort: prior 
to vaccina-
tion n= 
937; +3 
weeks af-
ter 1st 
dose 
n=651; +6 
months af-
ter 2nd 
dose 
n=380; 
+14-16 
months n= 
20 Hospi-
talized co-
hort: 
n=102 

HCWs & hospital-
ized patients 

HCWs cohort 
(mean ± SD): 
prior to vac-
cination 46 ± 
11; +3 weeks 
after 1st dose 
45 ± 11; +6 
months after 
2nd dose 46 ± 
11; +14-16 
months 49 ± 
13 Hospital-
ized cohort: 
median 68 (40-
89) 

HCWs cohort: 
prior to vac-
cination 
77.2% female; 
+3 weeks af-
ter 1st dose 
75.3% female; 
+6 months af-
ter 2nd dose 
78.4% female; 
+14-16 
months 70.0% 
female Hospi-
talized co-
hort: 28% fe-
male 

Hospital cohort in-
cluded critically ill (re-
quiring invasive venti-
lator support) pa-
tients 

Vac-
cine 
ac-
quired 
and 
hybrid 

RDB 
binding 
antibody 
and Nu-
cleocap-
sid-spe-
cific IgG 
antibod-
ies 

Brosh-Nissimov, 
2022 

Israel from 15 to 31 
January 2022 

Cohort 1049 pa-
tients 

hospitalized adults 
with severe COVID-
19  

median age 80 
years stratified 
by number of 

535 (51%) 
were males 

hospitalized adults 
with severe COVID-19, 

Vac-
cine 
ac-
quired 

Effec-
tiveness  

https://doi.org/10.1038/s41467-022-32298-w
https://www.mdpi.com/1999-4915/14/9/1966/htm
https://doi.org/10.1093/cid/ciac501
https://doi.org/10.1093/cid/ciac501
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vaccinations 
received 

some were immuno-
compromised because 
of other comorbidities 

Carazo, 2022 Canada Between 
March 27 
and June 4, 
2022 

Test-
nega-
tive 
case-
con-
trol 

Cases = 37 
732; Con-
trols = 73 
507 

Health-care workers 94.1% of par-
ticipants were 
aged 18-59yrs 

82.6% female NA Natu-
ral, 
vac-
cine 
ac-
quired, 
and 
hybrid 

Effec-
tiveness 
(dura-
tion) 

Carazo, 2022 Canada between De-
cember 26 
(epi-week 
52), 2021 
and March 
12 (epi-week 
10), 2022 

Test-
nega-
tive 
case-
con-
trol 

696439 Community-dwell-
ing ≥12-year-olds 
tested for SARS-
CoV-2 

 ≥12 Cases group: 
prior primary 
infection, 
70.3% fe-
males; no in-
fection, 61.9% 
females; Con-
trols group: 
prior primary 
infection, 
69.6% fe-
males; no in-
fection, 63.5% 
females 

NA Natu-
ral, 
vac-
cine-
ac-
quired 

Protec-
tion 
con-
ferred 
by prior 
SARS-
CoV-2 
infection 
against 
Omicron 
re-infec-
tion, and 
the 
added 
value of 
vaccina-
tion 

Chang, 2022 United States June 2020 to 
December 
2021 

Cohort 48 Patients and public 
around DFCI medical 
campus 

Median 50 
years (range 
22-73) 

71% female NA Hybrid Neutral-
izing an-
tibodies  

Chang, 2022 USA NA  Longi-
tudi-
nal co-
hort 

121 pa-
tients 

Patients with non-
Hodgkin lymphoma 
& chronic lympho-
cytic leukemia & 
healthy controls 

Median 63.8 59% male Immunosuppressed Vac-
cine-
ac-
quired 

Neutral-
izing an-
tibodies 

https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(22)00578-3/fulltext
https://www.medrxiv.org/content/10.1101/2022.04.29.22274455v2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9073271/
https://ascopubs.org/doi/full/10.1200/JCO.22.00088


Swiss Medical Weekly • www.smw.ch • published under the copyright license Attribution 4.0 International (CC BY 4.0) Appendix page A-6 

Chemaitelly, 2022 Qatar February 28, 
2020 and 
June 5, 2022 

Cohort cohort 1 
(pre-omi-
cron rein-
fection): 
290,638; 
cohort 2 
(omicron 
reinfec-
tion): 
120,483; 
cohort 3 
(primary 
infection 
with any 
variant re-
infection 
with any 
variant): 
407,214 

Total population of 
Qatar 

Predominantly 
young 

Predomi-
nantly male 

NA Natu-
ral 

Effec-
tiveness 
(dura-
tion) 

Chemaitelly, 2022 Qatar December 
2021 to Feb-
ruary 2022 

Test-
nega-
tive 
case-
con-
trol 

BNT162b2 
effective-
ness 
study: 
88,321; 
mRNA-
1273 ef-
fective-
ness 
study: 
49,861 

General population BNT162b2: 
median age 32 
for all cohorts 
but one- me-
dian age 31); 
mRNA-1273: 
median age 
28-30 for all 
cohorts 

BNT162b2 ef-
fectiveness 
against symp-
tomatic SARS-
CoV-2 BA.1 
Omicron in-
fection, cases: 
49.0% male, 
51.1% female; 
effectiveness 
against symp-
tomatic SARS-
CoV-2 BA.1 
Omicron in-
fection, con-
trols: 51.6% 
male, 48.4% 

NA Natu-
ral, 
vac-
cine-
ac-
quired 

VE 
against 
sympto-
matic in-
fection 

https://doi.org/10.1093/jtm/taac109
https://www.nature.com/articles/s41467-022-30895-3
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female; effec-
tiveness 
against symp-
tomatic SARS-
CoV-2 BA.2 
Omicron in-
fection, cases 
and controls: 
55.6% male, 
44.4% female; 
effectiveness 
against any 
symptomatic 
SARS-CoV-2 
Omicron in-
fection, cases: 
55.1% male, 
44.9% female; 
effectiveness 
against any 
symptomatic 
SARS-CoV-2 
Omicron in-
fection, con-
trols: 55.7% 
male, 44.3% 
female; 
mRNA-1273; 
effectiveness 
against symp-
tomatic SARS-
CoV-2 BA.1 
Omicron in-
fection, cases: 
49.5% male, 
50.5% female; 
effectiveness 
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against symp-
tomatic SARS-
CoV-2 BA.1 
Omicron in-
fection, con-
trols: 52.3% 
male, 47.7% 
female; effec-
tiveness 
against symp-
tomatic SARS-
CoV-2 BA.2 
Omicron in-
fection, cases 
and controls: 
57.0% male, 
43.0% female; 
effectiveness 
against any 
symptomatic 
SARS-CoV-2 
Omicron in-
fection, cases: 
58.2% male, 
41.9% female; 
effectiveness 
against any 
symptomatic 
SARS-CoV-2 
Omicron in-
fection, con-
trols: 58.3% 
male, 41.7% 
female 
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Chemaitelly, 2022 Qatar December 
2021 to Feb-
ruary 2022 

Test-
nega-
tive 
case-
con-
trol 

133’327 General population all ages (heav-
ily young adult 
population) 

1 month after 
2nd dose 
BNT162b2 
cases: 52.4% 
male, 47.7% 
female; 1 
month after 
2nd dose 
BNT162b2 
controls:; 
52.7% male, 
47.3% female; 
4-5 weeks af-
ter 3rd dose 
BNT162b2 
cases:; 52.8% 
male, 47.2% 
female; 4-5 
weeks after 
3rd dose 
BNT162b2 
controls:; 
53.3% male, 
46.7% female; 
1-3 months 
after 2nd 
dose mRNA-
1273 cases: 
52.6% male, 
47.5% female; 
1-3 months 
after 2nd 
dose mRNA-
1273 controls: 
53.0% male, 
47.0% female; 

NA Vac-
cine-
ac-
quired 

VE 
against 
sympto-
matic in-
fection 

https://www.medrxiv.org/content/10.1101/2022.02.07.22270568v1.full.pdf
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4-5 weeks af-
ter 3rd dose 
mRNA-1273 
cases:; 52.8% 
male, 47.2% 
female; 4-5 
weeks after 
3rd dose 
mRNA-1273 
controls: 
53.2% male, 
46.8% female 

Chen, 2022 Taiwan  Enrollment 
between Jan-
uary and 
September 
2020 

Cohort 25 Adults Range: 20-63 
(mean 38.68) 

12 females, 
13 males 

NA Natu-
ral 

Anti-
spike 
antibod-
ies and 
memory 
B cell re-
sponses 

Collie, 2022 South Africa November 
15, 2021, to 
June 24, 
2022 

Cohort 32883 General population 18 to ≥80 51.9% male NA Vac-
cine 
ac-
quired 

Effec-
tive-
ness/du-
rability 

Edara, 2022 United States Convalescent 
samples 
were col-
lected 
March-Au-
gust 2020 
and vac-
cinated sera 
was collected 
up to 6 
months after 

Cross-
sec-
tional  

138 Adults  ≥18 NA NA Vac-
cine-
ac-
quired, 
hybrid 

Neutral-
izing an-
tibodies 

https://journals.asm.org/doi/full/10.1128/spectrum.00743-22?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org
https://doi.org/10.1056/NEJMc2210093
https://doi.org/10.1016/j.xcrm.2022.100529
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primary vac-
cination and 
booster dose 

Evans, 2022 United States Received 2nd 
dose be-
tween Janu-
ary and Feb-
ruary 2021 

Cohort 48 Health care workers Median 37 
(IQR 31.75-
43.25) 

54% male NA Vac-
cine-
ac-
quired, 
hybrid 

Neutral-
izing An-
tibodies 

Favresse, 2022 Belgium booster was 
administered 
between 8 
November 
2021 and 31 
January 2022 
and blood 
collected 2 
days before 
and after 7, 
14, 28, 56, 
90, and 180 
days 

Cohort 155 HCWs 18 to 65 yrs, 
median 45 

72.3% female NA Vac-
cine 
ac-
quired 
and 
hybrid 

Neutral-
izing and 
binding 
antibod-
ies 

Gilboa, 2022 Israel December 
15, 2021 and 
February 27, 
2022 

Cohort 3972 HCWs older than 
age 18 years 

(mean [SD] 
age, 48.5 
[14.1] years 

(mean [SD]: 
996 [74.9%] 
women 

NA vac-
cine 
ac-
quired 

neutral-
izing an-
tibodies 
(durabil-
ity) 

Goel, 2022 United States 9–10 months 
after primary 
2-dose SARS-
CoV-2 mRNA 
vaccination 
and 3 
months after 
a 3rd dose 

Longi-
tudi-
nal co-
hort 

61 general pop receiv-
ing mRNA vaccines 

Age: 36.9 [22-
67] and Age: 
38.3 [23-59], 
for two groups 
- SARS infected 
and SARS re-
covered 

Sex: 21M 24F 
and Sex: 10M 
6F, for two 
groups - SARS 
infected and 
SARS recov-
ered 

NA Vac-
cine 
ac-
quired 
and 
hybrid 

Neutral-
izing an-
tibodies 
and 
RBD-
specific 
memory 
B cells 

https://doi.org/10.1126/scitranslmed.abn8057
https://onlinelibrary.wiley.com/doi/10.1002/jmv.28164
https://doi.org/10.1001/jamanetworkopen.2022.31778
https://doi.org/10.1016/j.cell.2022.04.009
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Gray, 2022 South Africa November 
15, 2021, to 
January 14, 
2022 

Test-
nega-
tive 
case-
con-
trol 

162,637 
PCR test 

Healthcare workers  NA NA NA Vac-
cine 
ac-
quired 

Effec-
tiveness 

Grikscheit, 2022 Germany January to 
March 2022 

Cohort 43 Adults 2nd booster 
mean age: 
49.6 years (28-
79); 1st 
booster and 
infection mean 
age: 41.6 years 
(22-63) 

53.5% male Healthy Vac-
cine 
ac-
quired 
and 
hybrid 

Antibod-
ies, neu-
tralizing 
antibod-
ies, T-
cells 

Hein, 2022 Germany NA Pro-
spec-
tive 
cohort 

112 Healthcare workers  20 to 66 Varies by co-
hort 

Healthy Vac-
cine 
ac-
quired 

Omicron 
RBD IgG, 
Omicron 
RBD IgA, 
Neutral-
izing an-
tibodies  

Hertz, 2022 Israel January 6 to 
February 9, 
2022 

Cohort 608 Healthcare provid-
ers 

Over 18 yrs of 
age 

NA healthy Vac-
cine 
ac-
quired 

Effec-
tiveness 
(hazard 
ratios) 
and neu-
tralizing 
antibod-
ies 

Ioannou, 2022 United States December 1, 
2021 to 
March 31, 
2022 

Cohort n=490,838 
in both 
matched 
groups 

Veterans Affairs en-
rollees aged 18 
years or older 

both groups 
had mean age 
63.0 ±14 yrs 

Group 1: Male 
87.4% Group 
2: Male 87.7% 

Some reported 
comorbidities 

Vac-
cine 
ac-
quired 

Effec-
tiveness  

Jung, 2022 Korea NA Cohort 60 HCWs with 2 doses 
(no previous infec-
tion): n = 20;; HCWs 

Mean age: 
41,7; 39,3; 
49,3 

 male:female 
= 12:8; 
male:female = 

na Vac-
cine 

Neutral-
izing an-
tibodies 

https://www.nejm.org/doi/10.1056/NEJMc2202061
https://doi.org/10.3390/vaccines10071163
https://www.mdpi.com/2076-393X/10/5/796/htm
https://www.medrxiv.org/content/10.1101/2022.07.16.22277626v2.full-text
https://www.medrxiv.org/content/10.1101/2022.06.15.22276466v1.full-text
https://www.nature.com/articles/s41564-022-01123-x
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with 3 doses (no 
previous infection): 
n=20;; Individuals 
(with previous infec-
tion): n=20 

13:7; male:fe-
male = 0:20 

ac-
quired 
and 
hybrid 

and T-
cells 

Kaku, 2022 United States between 30 
December 
2021 and 19 
January 2022 

Cohort Break-
through 
infection 
donors (n 
= 7) and 
unin-
fected, 
two-dose 
vaccinated 
donors (n 
= 12) 

participants were 
previously immun-
ized with two or 
three doses of an 
mRNA vaccine 
(BNT162b2 or 
mRNA-1273) and 
had no documented 
history of SARS-CoV-
2 infection before 
vaccination 

19 to 45 years Predomi-
nantly fe-
males 

healthy Vac-
cine 
ac-
quired 
and 
hybrid 

B cell re-
sponse 
and an-
tibodies 
titres 

Kared, 2022 Norway June to Au-
gust 2020, 
Delta and 
Omicron pre-
dominant pe-
riods 

Cohort 56 Breakthrough pa-
tients and health 
care workers 

Delta break-
through: mean 
27 (range 21-
30) ; Omicron 
breakthrough: 
mean 37.3 
(range 28-50) ; 
Noninfected: 
mean 31.9 
(range 25-44)  

Delta break-
through: 
61.6% female 
; Omicron 
breakthrough: 
69.2% female 
; Noninfected: 
71.4% female 

NA Vac-
cine-
ac-
quired, 
hybrid 

T cells 
(CD4+ 
and 
CD8+) 
and 
memory 
B cells 

Kotaki, 2022 Japan NA Cohort 40 Healthcare workers Median age: 
46.5 years 

40% male NA Vac-
cine 
ac-
quired 

Antibod-
ies and 
Memory 
B-cells 

Kumar, 2022 Canada NA Cohort 60 transplant re-
cepients 

median 66.9 
years (IQR 
64.0–71.8)  

Male: 62% immunocompromised Vac-
cine 
ac-
quired 

neutrali-
zation 

https://doi.org/10.1126/sciimmunol.abq3511
https://doi.org/10.1101/2022.01.13.22269213
https://doi.org/10.1126/sciimmunol.abn8590
http://doi.org/10.1111/ajt.17020
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Lasagna, 2022 Italy NA Cohort 83 Solid tumors pa-
tients 

Median age: 
63 years 

36 females 
and 47 males 

Immunocompromised Vac-
cine 
ac-
quired 

Antibod-
ies, T-
cells 

Lin 2022 United States NA Pro-
spec-
tive 
cohort 

2 cohorts: 
30 Primary 
antibody 
deficiency 
syndromes 
(PAD) co-
hort ; 
Healthly 
individuals 
cohort - 
Immuno-
competent 
healthy 
donor vol-
unteer 
blood 
samples 
were ob-
tained as 
previously 
described 

Primary antibody 
deficiency syn-
dromes (PAD) 

≥18 years NA Immunocompromised  Vac-
cine 
ac-
quired 
and 
hybrid 

Antibod-
ies and 
Memory 
B-cells 

Lyke, 2022 United States NA Clini-
cal 
trial 

696 healthy adults ≥18 years na Healthy Vac-
cine 
ac-
quired 

Neutral-
izing an-
tibodies 

Malato 2022 Portugal From June 
1st 2022 to 
July 4th 
2022. 

Pro-
spec-
tive 
Cohort 

4 940 504 
individual 
without a 
docu-
mented in-
fection by 
4-7-22; 

Portuguese resi-
dents 

≥12 years na na Vac-
cine 
ac-
quired 
and 
hybrid 

Effec-
tiveness  

https://doi.org/10.1016/j.esmoop.2022.100574
https://www.medrxiv.org/content/10.1101/2022.07.14.22276948v1
http://doi.org/10.1016/j.xcrm.2022.100679
https://www.medrxiv.org/content/10.1101/2022.08.16.22278820v1.full
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367 783 
ndividual 
with a 
docu-
mented 
first infec-
tion during 
a BA.5 
domi-
nance; 2 
039 118 
individual 
with no 
BA.5 rein-
fection; 38 
800 indi-
viduals 
with rein-
fection in 
the period 
of BA-5 
domi-
nance 

Mise-Omata, 2022 Japan Samples col-
lected: 
March 2021 - 
January 2022 
(vaccinated 
healthy) Co-
valescent pa-
tients en-
rolled be-
tween April 
and Decem-
ber 2020  

Pro-
spec-
tive 
cohort 

43 (vac-
cinated 
healthy) 
88 COVID-
19 recov-
ered  

Healthy volunteers 
and convalescent 
patients 

28-62 (vac-
cinated 
healthy) 23 -74 
(covalescent 
patients) 

55.8% female 
44.2% male 
(vaccinated 
healthy) 35% 
female 65% 
male (covales-
cent patients)  

Healthy and covales-
cent patients 

Natu-
ral and 
vac-
cine 
ac-
quired 

B cell 
and T 
cell re-
sponse  

http://doi.org/10.1101/2022.07.31.500554
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Mwimanzi, 2022 Canada Second-dose 
interval: De-
cember 2020 
to July 2021; 
Third dose in-
terval: 7 
month after 
second dose 

Cohort 69 
healthcare 
workers; 
47 older 
adults 

Healthcare workers 
and elderly  

Healthcare 
workers: me-
dian 40 years; 
Older age: me-
dian 78 years 

NA NA Vac-
cine 
ac-
quired 
and 
hybrid 

Antibod-
ies, neu-
tralizing 
antibod-
ies 

Mwimanzi, 2022 Canada 6 months af-
ter the sec-
ond dose, 
and at 1 
month after 
the third 
dose 

Pro-
spec-
tive 
longi-
tudi-
nal co-
hort 

151 health care, older 
adults, and workers 
individuals with 
anti-SARS-CoV-2 nu-
cleocapsid (N) anti-
bodies at study en-
try  

Age, y, median 
(IQR): 41 (35–
51) 78 (73–83) 
48 (36–87) in 
Health Care 
Workers, 
Older Adults,; 
COVID-19 Con-
valescent at 
Study Entry  

Female sex, n 
(%) 61 (75) 38 
(68) 10 (71) in 
Health Care 
Workers, 
Older Adults, 
COVID-19 
Convalescent 
at Study Entry  

healthy except 1 indi-
vidual 

Vac-
cine 
ac-
quired 

binding 
and neu-
tralizing 
antibody 

Newman, 2021 United King-
dom 

Samples 
taken 3 to 
20-weeks 
post 2nd im-
munization 

Cohort 37 Elderly individuals 
based in UK 

Median: 78 
years (IQR 75-
80) 

NA NA Vac-
cine-
ac-
quired 

Neutral-
izing an-
tibodies 

Ng, 2022 Singapore from Decem-
ber 27, 2021, 
to March 10, 
2022 

Cohort 2’441’581 Singapore citizens or 
permanent resi-
dents 

846 110 
(34.7%) aged 
60 years and 
older), 

52.4% women Healthy Vac-
cine 
ac-
quired 

Effec-
tiveness  

Patalon, 2022 Israel January 1 to 
January 21, 
2022 

Test-
nega-
tive 
case-
con-
trol 

389265 General population 16 to ≥60 57.8% female Some have comorbidi-
ties 

Vac-
cine-
ac-
quired, 
hybrid 

Vaccine 
effec-
tiveness 
of third 
dose 

https://doi.org/10.1101/2022.08.08.22278494
https://doi.org/10.1093/infdis/jiac199
https://doi.org/10.1101/2021.12.23.21268293
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2795654
https://doi.org/10.1038/s41467-022-30884-6
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Peled, 2022 Israel July 2021 to 
December 
2021 

Longi-
tudi-
nal co-
hort 

103 Heart Transplant pa-
tients 

Mean age: 
59.3 (±15.4) 
years 

45 (75%) male immunocompromised  Vac-
cine 
ac-
quired 

Neutral-
izing an-
tibodies, 
T-cells 

Peng, 2022 Hong Kong Individuals 
vaccinated 
before June 
2021 

Pro-
spec-
tive 
longi-
tudi-
nal co-
hort 

62 vac-
cinated & 
16 unvac-
cinated 
controls 

Adults Pfizer 
BNT162b2 me-
dian: 30.5(26.8 
- 35.3); Coro-
naVac median: 
29.0(26.0 - 
31.0); Non-
vaccinated 
median: 32.5 
(24.3-39.8) 

Male % -> 
Pfizer 
BNT162b2: 
47.1%; Coro-
naVac: 50.0%; 
Non-vac-
cinated: 
50.0% 

Healthy except for 2 
participants in 
BNT162b2 group with 
mild hypertension and 
diabetes 

Vac-
cine-
ac-
quired 

Neutral-
izing an-
tibodies 
and T 
cells 
(CD4+ 
and 
CD8+) 

Planas, 2022 France  NA Longi-
tudi-
nal co-
hort 

27 Healthcare workers 31 to 96 Female: 
48.15% Male: 
51.85% 

NA Vac-
cine 
ac-
quired 
and 
hybrid 

neutral-
izing an-
tibodies  

Qu, 2022 United States Sample col-
lection -> Co-
hort 1: Oct 
2021-Feb 
2022; cohort 
2: Feb 2022-
June 2022; 
cohort: Feb 
2022-June 
2022 

Longi-
tudi-
nal co-
hort 

Cohort 1: 
n= 28; co-
hort 2: 
n=37; co-
hort: n=36 

Health care workers Cohort 1: me-
dian 35 (26-
61); cohort 2: 
median 35 (25-
58); cohort: 
median 36.5 
(25-61) 

Cohort 1: 
28.6% female; 
cohort 2: 
45.9% female; 
cohort: 41.7% 
female 

NA Vac-
cine 
ac-
quired 

Neutral-
izing an-
tibodies  

Quandt, 2022 Germany Serum was 
drawn from 
double-vac-
cinated indi-
viduals 
(BNT162b22) 

Cohort 66 Four independent 
groups: individuals 
who were (i) dou-
ble- or (ii) triple-vac-
cinated with 
BNT162b2 without a 

Cohort 1: me-
dian 52; Co-
hort 2: median 
38; Cohort 3: 

NA NA Vac-
cine-
ac-
quired, 
hybrid 

Neutral-
izing an-
tibodies 
& 
Memory 
B cells 

https://doi.org/10.1016/j.healun.2022.05.014
https://www.thelancet.com/journals/ebiom/article/PIIS2352-3964(22)00088-3/fulltext
http://doi.org/10.1101/2022.07.22.22277885
https://www.nejm.org/doi/10.1056/NEJMc2210546
https://www.biorxiv.org/content/10.1101/2022.04.01.486695v1.full
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at 22 days af-
ter the sec-
ond dose, 
from triple-
vaccinated 
individuals 
(BNT162b23) 
at 28 days af-
ter the third 
dose, from 
double-vac-
cinated indi-
viduals with 
Omicron 
breakthrough 
infection 
(BNT162b22 
+ Omi) at 46 
days post-in-
fection, and 
from triple-
vaccinated 
individuals 
and Omicron 
breakthrough 
infection 
(BNT162b23 
+ Omi) at 44 
days post-in-
fection. 
PBMC sam-
ples from 
double-vac-
cinated indi-
viduals 
(BNT162b22) 

prior or break-
through infection at 
the time of sample 
collection 
(BNT162b22, 
BNT162b23) and in-
dividuals who were 
(iii) double- or (iv) 
triple-vaccinated 
with BNT162b2 and 
who experienced 
breakthrough infec-
tion with the SARS-
CoV-2 Omicron vari-
ant after a median 
of approximately 5 
months or 4 weeks, 
respectively 

median 39; Co-
hort 4: median 
32  
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at 22 days af-
ter the sec-
ond dose and 
5 months af-
ter the sec-
ond dose, 
from triple-
vaccinated 
individuals 
(BNT162b23) 
at 84 days af-
ter the third 
dose, from 
double-vac-
cinated indi-
viduals with 
Omicron 
breakthrough 
infection 
(BNT162b22 
+ Omi) at 46 
days post-in-
fection, and 
from triple-
vaccinated 
individuals 
with Omicron 
breakthrough 
infection 
(BNT162b23 
+ Omi) at 44 
days post-in-
fection. 
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Qui, 2022 Singapore July 2021 to 
January 2022 

Pro-
spec-
tive 
cohort  

83 Patients undergoing 
immune modifying 
therapies 

21-83 media: 
39 

Male: 63.8% Immunosuppressed  Vac-
cine-
ac-
quired  

Anti-
RBD an-
tibody, 
Spike-
specific 
T cell  

Reinscheid, 2022 Germany three and 
nine months 
post 2nd 
dose & three 
months after 
the 3rd dose, 
1 month post 
4th dose and 
breakthrough 
infection 

Cohort 38 (31 
with 3 
doses, 5 
with 4 
doses, 13 
with 
break-
through 
infections 
after 3rd 
dose) 

Adults Range 23 - 63 17 females, 
21 males 

NA Vac-
cine 
ac-
quired 
and 
hybrid 

T-cells  

Renia, 2022 Singapore beginning of 
January 
2021–May 
2021 

Cohort 312 HCWs and older in-
dividuals 

median age 
was 50.9 years 
(range, 22–82)  

 predomi-
nantly female 
(58.3%) 

healthy Vac-
cine 
ac-
quired 

specific 
antibod-
ies, B 
and T 
cell 
memory 
re-
sponses 

Richardson et al, 
2022 

Germany Blood sam-
ples from 
convalescent 
individuals 
were col-
lected up to 
one year af-
ter infection. 
Samples for 
vaccinated 
individuals 

Cohort 67 Convalescent indi-
viduals and vac-
cinated individuals 

Vaccinated in-
dividuals: 
mean age 51; 
convalenscent 
individuals: 
mean age 49 

Vaccinated in-
dividuals: 10 
males & 13 
females; con-
valescent in-
dividuals: 9 
males & 8 fe-
males 

NA Natu-
ral, 
vac-
cine-
ac-
quired 

T cell ( 
CD4+) 
and 
anti-RBD 
antibody  

https://doi.org/10.1101/2022.02.21.22271127
https://www.nature.com/articles/s41467-022-32324-x#Sec23
https://doi.org/10.1038/s41467-022-32312-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9037910/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9037910/
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were col-
lected from 2 
weeks to 3 
months after 
2nd dose. 

Richterman, 2022 United States 1 July 2021 -5 
April 2022 
(analysis 
stratified into 
2 periods: 
pre-Omicron 
and post-
Omicron pe-
riod as begin-
ning on 20 
December 
2021) 

Test-
nega-
tive 
case-
con-
trol 

28 000 
employees  

HCW 18–30: 1465 
(21) ; 31–40: 
2454 (35) ; 41–
50: 1362 (19) ; 
51–60 :1165 
(16) ; >60: 652 
(9) 

81% female NA Natu-
ral, 
vac-
cine 
ac-
quired, 
and 
hybrid 

Effec-
tiveness 

Rössler, 2022  Austria Sera col-
lected 4-6 
months after 
2nd dose 

Cohort Convales-
cent: 25; 
Vac-
cinated: 
60; Super 
immune: 
10 

General population Convalescent: 
range 23-62; 
Vaccinated: 
10-86; Super 
immune: 28-
66 

47 females, 
48 males 

NA Natu-
ral, 
vac-
cine-
ac-
quired, 
hybrid 

Neutral-
izing an-
tibodies 

Sablerolles, 2022 Netherlands Up to 5 
months after 
booster dose 

Cohort 279 Individuals vac-
cinated with Janssen 

median age: 
43; interquar-
tile range: 32-
52 

106 males 
(38%) 

Some reported 
comorbidities 

Vac-
cine 
ac-
quired 

Antibod-
ies, neu-
tralizing 
antibod-
ies, and 
T-cells 

Sammartino, 2022 Italy sera were 
collected 
during the 
first wave of 
COVID-19 in-

Cohort  30 (Con-
valescent) 
30 ( Naïve) 
16 (COVID-
19 Ex-
posed) 15 

Convalescent indi-
viduals, Naïve 
Healthcare Workers, 
COVID-19 Exposed 
Healthcare Workers, 
Previously Omicron 

median age of 
67 years 
(range 35–84) 
Convalescent, 
median age of 
52 years 

80% male and 
20% female 
Convalescent, 
20% male and 
80% female 
Naive, 13% 

NA Natu-
ral, 
vac-
cine-

Neutral-
izing an-
tibodies  

https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciac454/6603294
https://www.nejm.org/doi/10.1056/NEJMc2119236
https://doi.org/10.1093/cid/ciac495
https://doi.org/10.3390/vaccines10050703
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fections be-
tween May 
and July 2020 
(for convales-
cent plasma 
donors) (time 
frame una-
vailable for 
other co-
horts)  

(omicron 
specific)  

infected + vac-
cinated healthcare 
workers  

(range 30–66) 
Naive, median 
age of 42 years 
(range 25–61) 
COVID-19 Ex-
posed, median 
age of 28 
(range 26–34) 
Omicron ex-
posed  

male and 87% 
female 
COVID-19 Ex-
posed, 54% 
male and 46% 
female Omi-
cron exposed  

ac-
quired, 
hybrid  

Sanders, 2022 Netherlands 28 days and 
6 months af-
ter the sec-
ond vaccina-
tion 

Cohort 181 con-
trols; 152 
patients 
with 
chronic 
kidney dis-
ease; 145 
dialysis pa-
tients; 267 
kidney 
transplant 
recipients 

Patients With 
Chronic Kidney Dis-
ease, on Dialysis, or 
Living With a Kidney 
Transplant 

controls: 
58.4  ±  12.9 
patients with 
chronic kidney 
disease: 
60.6  ±  13.4 di-
alysis patients: 
60.0  ±  13.8 
kidney trans-
plant recipi-
ents: 
55.9  ±  14.1  

controls: fe-
male (59.1%) 
patients with 
chronic kid-
ney disease: 
female 
(34.9%) dialy-
sis patients: 
female 
(33.1%) kid-
ney trans-
plant recipi-
ents: (46.1%)  

Immunocompromised Vac-
cine 
ac-
quired 

Spike S1 
binding 
antibod-
ies, neu-
tralizing 
antibod-
ies, T 
cell  

Seki, 2022 Japan  NA Cohort 259 sam-
ples 

Health care workers Mean in 
males: 42.1 
years; Mean in 
females: 40 
years 

38% male NA Vac-
cine-
ac-
quired 

Neutral-
izing an-
tibodies 

Sievers, 2022 United States Infected indi-
viduals (April 
25 to July 17 
2020) and 
pregnant 
vaccinated 
individuals 
(March 2020 

Cohort 224 Adults previously in-
fected, pregnant, or 
health care workers 

NA NA NA Natu-
ral, 
vac-
cine-
ac-
quired 

Neutral-
izing An-
tibodies 

https://doi.org/10.1093/cid/ciac557
https://doi.org/10.1101/2022.01.20.22269587
https://doi.org/10.1126/scitranslmed.abn7842
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to January 
2021) 

Šmíd, 2022 Czech Re-
public 

from 7 De-
cember 2021 
to 13 Febru-
ary 2022 

Cohort NA  the entire popula-
tion of the Czech Re-
public 

general NA NA Natu-
ral, 
vac-
cine-
ac-
quired 

VE 
against 
infection 
and hos-
pitaliza-
tion  

Tan, 2022 United States Enrolled Au-
gust 12, 
2021, to Oc-
tober 25, 
2021 samples 
analysed No-
vember 2021 
to February 
2022 

Cohort 68 Adults  
(Ad26.COV2.S) 
median 36 [23-
84] 
(BNT162b2) 
median 35 [23-
76] 

Female: 82% Healthy  Vac-
cine 
ac-
quired  

Neutral-
izing an-
tibodies, 
binding 
antibod-
ies, 
func-
tional 
antibod-
ies and 
T-cells 

Tarke, 2022 United States 2 weeks after 
2nd immun-
ization and 6 
weeks post 
immuniza-
tion with 
Janssen, 1 
month post 
symptom on-
set 

Cross-
sec-
tional  

112 Adults  Early COVID: 
median 44 
(range 27-68); 
mRNA-1273: 
median 42 
(range 21-78) ; 
BNT162b2: 
median 36 
(range 24-66); 
Ad26.COV2.S: 
median 50 (20-
70) ; NVX-
CoV2373: me-
dian 35 (range 
18-60)  

Early COVID-
19: 44% male; 
mRNA-1273: 
29% male; 
BNT162b2: 
40% male; 
Ad26.COV2.S: 
43% male; 
NVX-
CoV2373: 
62% male 

NA Natu-
ral, 
vac-
cine-
ac-
quired, 
hybrid 

T cells ( 
CD4+ 
and 
CD8+) & 
Memory 
B cells 

https://academic.oup.com/jid/advance-article/doi/10.1093/infdis/jiac161/6575414
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2794985
https://doi.org/10.1016/j.cell.2022.01.015
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Tauzin, 2022 Canada December 
2021 to May 
2022 

Cohort 45 Adults Median age: 
51 years 
(range 24 to 
67)  

17 males and 
28 females 

NA Natu-
ral, 
vac-
cine 
ac-
quired 
and 
hybrid 

Neutral-
izing an-
tibodies 

Thakkar, 2022 United States 3rd dose 
study: 4 
weeks after 
3rd dose and 
4-6 months 
follow-up; 
4th dose 
study: 4 
weeks after 
4th dose  

Cohort 106 pa-
tients 

Cancer patients median: 68 
(IQR 63.25-
76.5) 

female 55%; 
male 45% 

Immunocompromised Vac-
cine 
ac-
quired 

Effec-
tiveness 

Valanparambil, 2022 United States Antibody re-
sponse meas-
ured 1-3 
weeks after 
1st dose and 
over six 
months after 
2nd dose in 
lung cancer 
patients  

Cohort 82 lung 
cancer pa-
tients & 53 
healthy 
adults con-
trol 

lung cancer patients Median 68.0 59.8% female Immunocompromised Vac-
cine-
ac-
quired 

Neutral-
izing an-
tibodies 

Vergori 2022 Italy na Cohort 134 (106 
PLWH and 
28 HCWs) 

vaccinated PLWH na na immunocompromised 
and healthy 

vac-
cine 
ac-
quired 

Neutral-
izing an-
tibodies 

Vietri, 2022 Italy October to 
December 
2020 (first 

Cohort 61 Healthcare workers 27 to 70 years  26 males and 
35 females 

Healthy Vac-
cine 
ac-
quired 

Serum 
IgG anti-
bodies 

https://doi.org/10.1101/2022.08.03.22278386
https://www.medrxiv.org/content/10.1101/2022.07.05.22277281v1.full-text
https://www.medrxiv.org/content/10.1101/2022.01.03.22268599v3.full-text
https://www.mdpi.com/1999-4915/14/8/1710
https://doi.org/10.1016/j.vaccine.2022.08.045
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dose); No-
vember 2021 
(blood sam-
ple); 12 
months after 
first dose of 
vaccine, up 
to 270 days 
after second 
dose, and 90 
days after 
booster dose 

and 
hybrid 

Wang, 2022 China 2 (M2) and 
12 months 
(M12) after 
disease onset 

Cohort 46 pa-
tients with 
COVID-19 
(antibody-
positive 
and/or nu-
cleic acid 
test posi-
tive, Ab+ 
and/or 
NAT+) and 
39 previ-
ously de-
fined close 
contacts 
(Ab- and 
NAT- ) w 

people with COVID-
19 and some close 
contacts 

Age: 48.3 
(43.50–53.08), 
49.2 (45.20–
53.10) at M2 
and M12 

Female 30.4% 
and 48.9% at 
M2 and M12 

NA Natu-
ral 

Anti-
RBD IgG, 
Anti-nu-
cleocap-
sid IgG, 
neutral-
izing an-
tibodies, 
and T 
cells 

Wilhelm, 2022 Germany Sera ob-
tained 3 
months after 
3rd dose 

Cohort 165 Adult serum donors 2x BNT162b2: 
mean 51.7 yrs; 
2x BNT162b2 + 
1x BNT162b2: 
mean 40.8 yrs; 
2x BNT162b2 + 
1x BNT162b2: 

115/165 fe-
males 

NA Natu-
ral and 
vac-
cine 
ac-
quired  

Neutral-
izing an-
tibodies 

https://doi.org/10.1038/s41392-022-00978-0
https://www.thelancet.com/journals/ebiom/article/PIIS2352-3964(22)00339-5/fulltext
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mean 43.6 yrs; 
2x mRNA-
1273: mean 
34.6 yrs; 2x 
mRNA-1273 + 
1x BNT162b2: 
mean 31.9 yrs; 
1x ChAdOx1 + 
1x BNT162b2: 
40.5 yrs; 1x 
ChAdOx1 + 2x 
BNT162b2: 
mean 45.9 yrs; 
2x BNT162b2 + 
SARS-CoV-2: 
mean 85.5 yrs 

Wratil, 2022 Germany April 2020 
onward 

Cohort 202 Adult health care 
workers 

Naïve invidu-
als: median 36 
(IQR 29-53) ; 
Convalescent: 
median 40 
(IQR 29-54) ; 
Breakthrough 
infections 
(Delta): me-
dian 35 (IQR 
31-38) ; Break-
through infec-
tion (Omi-
cron): median 
41 (IQR 28-49)  

Naïve invidu-
als: 65.8% fe-
male; Conva-
lescent: 
57.6% female; 
Breakthrough 
infections 
(Delta): 56.3% 
female; 
Breakthrough 
infection 
(Omicron): 
40% female 

NA Natu-
ral, 
vac-
cine-
ac-
quired, 
hybrid 

IgG anti-
bodies & 
neutral-
izing an-
tibodies 

Xia, 2022 United States After 3rd 
dose admin-
istration 

Cohort 42 Boosted individuals Range: 23-74 15 females, 9 
males 

NA Vac-
cine-
ac-
quired 

Neutral-
izing an-
tibodies 

https://doi.org/10.1038/s41591-022-01715-4
https://doi.org/10.1101/2022.01.21.476344


Swiss Medical Weekly • www.smw.ch • published under the copyright license Attribution 4.0 International (CC BY 4.0) Appendix page A-27 

Zou, 2022 United States April 2020 to 
January 2021 
(sera collec-
tion) 

Cohort 100 Convalescent indi-
viduals 

All ages  NA NA Natu-
ral  

Neutral-
izing an-
tibodies 

 

https://doi.org/10.1038/s41467-022-28544-w

