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Abstract

Objectives: Globally, over 772 million cases of COVID-19 have
been reported. New variants of interest with corresponding
spikes in case numbers continue to be identified. Vulnerable
patients, including older adults or patients with severe
comorbidities, continue to be at risk. A large body of evidence
has been accumulated regarding anti-SARS-CoV-2-antibodies
and COVID-19 but the usefulness of antibody measurements
remains unclear. This systematic review aims to assess the
prognostic value of anti-SARS-CoV-2-antibodies and their
usefulness for guiding booster vaccinations.

Methods: Studies in English and published between
January 2020 and October 2023 were included. Studies that
relied on multiparameter-models or comprised fewer than
100 participants were excluded. PubMed and via the WHO
COVID-19 research database, Embase and Medline databases
were searched. Study selection and quality assessment was
conducted independently by two researchers.

Results: After screening 1,160 studies, 33 studies
comprising >30 million individuals were included. Anti-
SARS-CoV-2-antibodies were strongly associated with
reduced risk of SARS-CoV-2-infection and better outcomes,
including mortality. Risk of infection and COVID-19 severity
decreased with increasing antibody levels.

Conclusions: Anti-SARS-CoV-2-antibodies are useful for early
identification of high-risk patients and timely adjustment
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of therapy. Protective thresholds may be applied to advise
booster vaccinations but verification in separate cohorts is
required.
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Introduction

Globally, more than 772 million confirmed cases of COVID-19
have been reported to the World Health Organization [1].
Although testing for SARS-CoV-2 infections has substantially
declined [2] and infection numbers are no longer reported in
detail, new variants of interest (VOI) with corresponding
spikes in case numbers continue to be registered [3]. The
latest two VOI include EG.5, a sublineage of XBB.1.9.2, that
hasled to a global increase in case numbers [4] and currently
accounts for approximately 52% of global SARS-CoV-2
variant proportions, and BA2.86, a variant that was first
assessed by the World Health Organization (WHO) in
November 2023, and has since steadily grown from a global
proportion of 1.8-8.9 % [5].

Vulnerable patient subsets, such as older adults, obese
patients or patients with multiple or severe comorbidities
have exhibited the highest infection fatality rates throughout
the pandemic and continue to be at risk from the currently
prevailing and comparatively milder Omicron variant [6-10].

Global vaccination programs have played a major part
in curbing mortality rates and reducing the risk of adverse
outcomes [11-15]. However, current recommendations
on booster vaccinations are broad [16] and may be insuf-
ficient for patients with additional risk factors or for older
adults who are known to have reduced quality, strength
and durability of vaccine-induced antibody responses
[17-22].

While a large body of evidence has been accumulated
regarding COVID-19, data on the usefulness of antibody
measurements is conflicting. In order to best protect
vulnerable patients and enable informed decisions on the
timing of hooster vaccinations, it is necessary to under-
stand if and to what extent anti-SARS-CoV-2 antibodies
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confer protection against SARS-CoV-2 infection and severe
COVID-19, including COVID-19 related mortality.

This systematic review therefore aims to evaluate the
prognostic value of anti-SARS-CoV-2 antibodies for identi-
fying patients at high risk of adverse outcomes in a clinical
setting and their potential usefulness as a correlate of pro-
tection for guiding future booster vaccinations.

Methods

Search methods and study selection

This systematic review was conducted according to PRISMA guidelines
[23]. The PubMed database was searched on November 6, 2023 using the
following search terms: ((“COVID-19” [Title/Abstract] OR “SARS-CoV-2”
[Title/Abstract]) AND (antibodies [Title/Abstract] OR antibody [Title/
Abstract] OR vaccine [Title/Abstract])) AND (outcome [Title/Abstract]
OR severity [Title/Abstract] OR mortality [Title/Abstract] OR prognosis
[Title/Abstract]) while filtering for human probands and publications
in English.

The WHO COVID-19 research database [24] was searched on
December 1, 2023 using the search terms “prognosis OR mortality OR
severity OR outcome” while filtering for publications from MEDLINE
and EMBASE, and publications in English. The complete search was
defined as follows: “prognosis OR mortality OR severity OR outcome
AND db: (“MEDLINE” OR “EMBASE”) AND mj: (“Antibodies, Viral” OR
“Antibodies, Neutralizing”) AND type_of_study: (“prognostic_studies”
OR “observational_studies” OR “experimental_studies” OR “cohort_-
studies” OR “rct” OR “diagnostic_studies”) AND la: (“en”)”.

To widen our search, references of included manuscripts were
also screened for relevant studies. Peer reviewed observational
studies, case control studies, clinical trials and randomized controlled
trials published between January 2020 and October 2023 were eligible
for inclusion.

Studies not pertinent to our review question were excluded. Thus,
studies that did not examine the prognostic value of antibody mea-
surements either preceding COVID-19 or at the onset of COVID-19
infection but focused on antibody kinetics following COVID-19 were
excluded. Studies that relied on multiparameter models to predict
prognosis and studies that comprised fewer than 100 participants were
also excluded. We further excluded studies not written in English,
preprints, letters to the editor and short communications and studies
without available full text.

Literature screening and data analysis

The Rayyan platform for systematic reviews [25] was used to organize
studies and conduct the screening process. After removal of duplicates,
title and abstract were screened independently by SM and PR. Full text
screening and data extraction were also performed independently by
both SM and PR. Conflicts were resolved through discussion.

We collected data on study characteristics, year of publication,
journal, author, study cohort, type of antibody measured, outcome, and
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study results. Data was sought on the following outcomes — immunity
against COVID-19 infections and COVID-19 severity.

Risk assessment for bias of cohort studies was conducted inde-
pendently by SM and PR using the respective Critical Appraisal Skills
Programme (CASP) Checklist for cohort studies and case control studies
[26, 27]. Randomized controlled trials were assessed with the Cochrane
Risk of Bias (ROB) 2.0 Tool [28]. Due to the high heterogeneity of the
included studies, the high variability in reported risk measures, and the
fact that several studies did not provide any risk measures, conducting
sensitivity analyses or a metaanalysis was not considered feasible.

Results

A total of 1,160 eligible studies were identified from
PubMed and via the WHO COVID-19 research database,
from Embase and Medline databases. After removal of
duplicates, 1,113 articles were screened, of which 84 were
retrieved. Full text perusal yielded 33 studies that met the
inclusion criteria. Figure 1 outlines the process of study
identification and selection.

We identified 11 studies that evaluated the role of anti-
SARS-CoV-2 antibodies in the prevention of reinfection or
breakthrough infections, 20 studies that focused on the
association between preexisting antibody levels and disease
severity and 2 studies that gave results on both aspects. Data
on the latter two studies will be reported both for the asso-
ciation of antibodies with immunity and for the association
of antibodies with COVID-19 severity. With regard to studies
on the conferral of immunity against COVID-19, two phase 3
clinical trials, 3 retrospective and 8 prospective cohorts were
included. Studies on the association between antibodies and
COVID-19 severity comprised 16 prospective and 6 retro-
spective cohorts. Table 1 summarizes the included studies
regarding anti-SARS-CoV-2 antibodies and immunity against
SARS-CoV-2 infection and Table 2 lists included studies per-
taining to anti-SARS-CoV-2 antibodies and COVID-19 severity.

In total, 30,443,905 individuals were included, of which
30,432,941 pertained to studies on immunity and 14,701 to
studies on COVID-19 severity. Observed heterogeneity
among studies was high, with a wide variety of antibody
types, antibody testing systems, and outcomes. Evaluated
antibody types comprised neutralizing antibodies, anti-
SARS-CoV-2 spike antibodies, anti-RBD antibodies and anti-
nucleocapsid antibodies. Severity outcomes included symp-
tomatic infections, hospitalization, oxygen administration,
invasive ventilation, development of pneumonia, ICU
admission, mortality, in-hospital mortality and 28-day mor-
tality. Similarly to outcomes, reported risk measures were
highly heterogeneous, and not provided in 15 of 33 studies.
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Identification of eligible studies
Records identified from: Records removed before

5 Databases screening:
§ PubMed n =610 Duplicate records removed

searched Nov 6, 2023 > (n=47)
,E_. Records marked as ineligible
S WHO COVID-19 research by automation tools (n = 0)
= database n=550 Records removed for other

searched December 1, 2023 reasons (n = 0)

Records excluded (n = 1029):
Records screened I wrong outcome (n = 339)
(n =1113) not prognostic (n = 434)
not antibody related (n= 118)
vaccination only (n = 73)
wrong publication type (n=47)
patient count <100 (n= 3)
multiparameter model (n= 2)
animal study (n=13)

A 4

Reports sought for retrieval Reports not retrieved
(n=284) (n=0)

'

ReEorts assessed for eligibility _ | Reports excluded (n=51):
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not prognostic (n = 16)

not antibody related (n= 3)
vaccination only (n = 5)
wrong publication type (n=10)
duplicate (n=1)

patient count <100 (n=9)
multiparameter model (n= 3)

Screening

[

A 4
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Studies included in review
(n=33)
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Figure 1: PRISMA 2020 flow chart for study selection.
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Table 1: (continued)

Score

Potential sources of bias

Main result

Antibody assay Outcome

Antibody type

Study

n Study type

Year

First

population

author,
country

High

may not be generalisable to

Higher antibodies associated
with lower HR and hence longer patients on different treat-

time to breakthrough infection
Only 1.1 % of seropositive vs.

Breakthrough

Pseudo-virus
infection

Neutralizing anti-

bodies

Inflammatory
bowel disease

1,228 Prospective cohort

2023

Liu [39],

U.K.

neutralization

assay
EIA

ment regimes

High

Potentially some bias from

Care home RBD, nucleo- Reinfection
capsid IgG

residents

209 Prospective cohort

2021

Jeffery-

comparing older residents to
younger, healthier staff

24.7 % of seronegative patients

were reinfected

Smith [40],

U.K.

High

Patients with <50 AU/mL had 5.8 Retrospective analysis; low

times higher odds of infection

Breakthrough

infection

Spike IgG CMIA

Hemodialysis

115 Retrospective

2022

Wand [41],

Israel

patient number

cohort

*Studies that included information on both immunity and COVID-19 severity and were thus included in both listings. AU antibody unit, BAU, binding antibody unit; COVID-19, coronavirus disease 2019; CLIA,

chemiluminescent immunoassay; CMIA, chemiluminescent microparticle immunoassay; ECLIA, electrochemiluminescence immunoassay; ELISA, enzyme-linked immunosorbent assay; EIA, enzyme

immunoassay; RBD, receptor binding domain; ICU, intensive care unit.
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Quality assessment scores based on CASP checklists
were divided in thirds to discriminate low, moderate and
high quality scores. Of 33 included studies, 2 ranked in the
low category, 6 in the moderate and 25 in the high category.
Potential sources of bias are listed in Table 1. Figure 2 illus-
trates details on study origin, patient cohorts, outcomes,
measured antibody types and quality scores.

Antibodies and immunity against SARS-CoV-2
infection

All of 13 identified studies regarding immunity against
SARS-CoV-2 reported an association between anti-SARS-CoV-
2 antibodies and reduced rates of reinfection or break-
through infections.

Seropositivity

A large retrospective study from the U.S. analysing data
from over 27 million patients calculated that risk of rein-
fection was substantially reduced in antibody positive
individuals compared to antibody negative individuals (HR
0.13, 95 % CI 0.13-0.13) for a duration of at least 5 months
and up to one year after primary infection [29]. These
results are substantiated by a further study comprising
over 3 million individuals that found seropositivity to be
associated with protection from reinfection [30]. Two
comparatively large studies on British healthcare workers
report concordant results [32, 34]. Firstly, a multicenter
study that included 25,661 participants from publicly fun-
ded hospitals found that individuals with antibodies from
previous infections were less likely to have a reinfection
[32]. Secondly, a British study on 12,541 healthcare workers
stated that the presence of anti-spike IgG antibodies
markedly reduced the risk of reinfection in the ensuing
6 months with an adjusted incidence rate ratio of 0.11 (95 %
CI 0.03-0.44) [34]. Similar results were obtained by a
Swedish study comprising 1,935 adults that purported
reduced risks of reinfection for up to 9 months in IgG
positive individuals, with a protective effect of 95.2 % (95 %
CI 81.9-99.1%) [36]. A smaller study of 209 care home res-
idents also reports concordant results [40].

Antibody levels

In addition, antibody levels were found to be significantly
lower in patients who experienced reinfection or break-
through infections than in those who did not [35, 37]. Several
studies further suggest that higher antibody levels correlate
with longer time to breakthrough infection [39] and that
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Table 2: (continued)

Score

Potential sources of bias

Main result

Antibody type Antibody assay Outcome

n Study type Study

Year

First author,
country

population

Mink et al

Moderate

bias; outcome is subject to
some assessment bias

Low antibody levels at admission were  Adjusted for age, sex, treat-

predictors of poorer pulmonary

outcome after 3 months.

Healthcare access not equal

Seropositivity in severe disease pa-
tients was higher than in mild disease in India - potential selection

and asymptomatic categories.

(ICU + oxygen satu-
ration <93 % at
ambient air)

Plaque reduction Severe disease
neutralization

test

Neutralizing
anti-bodies

Hospitalized
patients

109 Prospective
cohort

2021

Shrivastava
[60], India

.. Prognostic value of anti-SARS-CoV-2 antibodies

High

Poor pulmonary

outcome

Multiplexed

RBD IgG

Hospitalized
patients

108 Prospective

2021

Lerum [61],
Norway

ment, and smoking but not

BMI

bead-based flow
cytometric assay

cohort

*Studies that included information on both immunity and COVID-19 severity and were thus included in both Tables 1 and 2. BAU, binding antibody unit; COVID-19, coronavirus disease 2019; CLIA,

chemiluminescent immunoassay; CMIA, chemiluminescent microparticle immunoassay; ECLIA, electrochemiluminescence immunoassay; ELISA, enzyme-linked immunosorbent assay; EIA, enzyme

immunoassay; LIPS, luciferase immune precipitation; RBD, receptor binding domain; ICU, intensive care unit; MS, multiple sclerosis.
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post-vaccination COVID-19 risk decreases as antibody levels
increase [33]. Accordingly, a study on 1,551 hematological
patients reported that a serological titer of less than 250 BAU/
mL of anti-SARS-CoV-2 spike antibodies was predictive of
breakthrough infection and its severity [38].

Conflicting evidence

One study found an association between ID 50 titers from
a pseudovirus neutralization assay and occurrence of
breakthrough infection but could not confirm this associ-
ation for spike and RBD antibodies. However, these results
may have been affected by the relatively low antibody
thresholds used for the latter tests, which classified patients
with more than 59 BAU/mL as having high antibody levels
[31].

Antibodies and COVID-19 severity

18 of 22 identified studies reported an association between
antibody levels prior to or at the onset of COVID-19 infection
and ensuing COVID-19 severity. Severity measures were
highly heterogeneous, ranging from symptomatic infection
to hospitalization, pneumonia, ICU admission and death.
Figure 2I summarizes the different outcomes. Several
studies examined more than one severity measure.

Symptomatic infection

A study published in Nature Medicine examining vaccine
efficacy in 4,372 individuals reported 90 % vaccine efficacy at
899 BAU/mL for anti-spike IgG as well as decreasing risk of
symptomatic COVID-19 with increasing levels of anti-spike
and anti-RBD antibodies [42].

Hospitalization

In 2,186 patients with chronic kidney disease from Spain,
patients who were admitted to the hospital had prior anti-
spike antibody titers below 620 IU/mL and lower median
values than patients who were not hospitalized [35]. These
data are supported by a smaller study of 114 immunocom-
promised patients infected with the Omicron variant that
found higher anti-spike antibody levels (>300 BAU/mL) at
the time of diagnosis were associated with reduced risk of
hospital admission (OR 0.053, 95 % CI 0.006—0.44, p=0.006)
[59]. Another prospective cohort study from Spain on 1,551
hematological patients further reported that antibody
levels below 250 BAU/mL were associated with higher risk
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A-C: Study Origin

. =US.

A) all studies ;,: s
Middle East \[C @ : Crze"""a
% AN\ 29% 2

\¢ 2 u Spain
g Netherlands
= Nonway
= Sweden
= Austria
= Belgium
= ltaly
= lsrael
= = Kuwait
Europe = China
s58% | = Japan
India

D-E: Study cohorts and quality scores

D) all studies
W general
M healthcare workers
M care home residents
W hospitalized patients
type 2 diabetes
W 18D
W cko
hematological

W multiple sclerosis

W immunocompromised

G-I: Study outcomes and quality scores
G) all studies

B reinfection
 breakthrough infection
® symptomatic infection
# hospitalization

B severe COVID-19

W ICU admission

u mortality

J-L: Antibody type and quality scores

J) all studies

= spike/RBD
= nucleocapsid

W neutralizing antibodies

M-O: Antibody type and outcomes

M) all studies

W spike/RBD
® nucleocapsid

W neutralizing antibodies
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B) studies on immunity against COVID-19

=US.
’Middle ast |
= - Brazil
-\ Americas
3ﬂ = Argentina
//7/' = UK.
= Spain
u Sweden
wlsrael
Europe
57% |
E) studies on immunity against COVID-19
W general

W healthcare workers
W care home residents
W BD
¥ ckD

hematological

W reinfection
™ breakthrough infection

= spike/RBD
= nucleocapsid

W neutralizing antibodies

N) studies on immunity against COVID-19

W spike/RBD
™ nucleocapsid
 neutralizing antibodies
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C) studies on COVID-19 severity s
Asia Americas = Argentina
‘]3% 25% = UK.
/4 u Spain

Netherlands
= Norway
= Austria
u Belgium
witaly
= Kuwait
= China
= Japan
India

™ general
W hospitalized patients
type 2 diabetes
™ CKD
hematological
W multiple sclerosis

B immunocompromised

® symptomatic infection
= hospitalization

™ severe COVID-19

M ICU admission

W mortality

L) studies on COVID-19 severity

= spike/RBD
= nucleocapsid
W neutralizing antibodies

W spike/RBD
W nucleocapsid
W neutralizing antibodies

Figure 2: Study characteristics. (A) Origin of studies on prognostic value of anti-SARS-CoV-2 antibodies in COVID-19, (B) origin of studies on anti-
SARS-CoV-2 antibodies and immunity against SARS-CoV-2 infection, (C) origin of studies on anti-SARS-CoV-2 antibodies and COVID-19 severity. (D) Study
cohorts and quality scores (low/moderate/high) of studies on prognostic value of anti-SARS-CoV-2 antibodies in COVID-19, (E) study cohorts and quality
scores for studies on immunity against COVID-19, (F) study cohorts and quality scores for studies on COVID-19 severity; (G) study outcomes with quality
scores of studies on prognostic value of anti-SARS-CoV-2 antibodies in COVID-19, (H) study outcomes with quality scores for studies on immunity against
COVID-19, (I) study outcomes with quality scores for studies on COVID-19 severity. (J) Antibody type and quality scores of studies on prognostic value of
anti-SARS-CoV-2 antibodies in COVID-19, (K) antibody type and quality scores of studies on immunity against COVID-19, (L) antibody type and quality
scores of studies on COVID-19 severity. (M) Antibody type and outcome of studies on prognostic value of anti-SARS-CoV-2 antibodies in COVID-19,

(N) antibody type and outcome of studies on immunity against COVID-19, (O) antibody type and outcome of studies on COVID-19 severity. Studies with
multiple outcomes or antibody types were counted in each category.
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of symptomatic SARS-CoV-2 infection, pneumonia, hospital
admission, oxygen requirement and death [38].

Severe COVID-19

Several medium sized studies also report an association
between lower antibody levels and elevated risks of severe
COVID-19. In a cohort of 730 hospitalized children from
Argentina of which 550 had an acute SARS-CoV-2 infection,
low antibody concentrations within 4 days of hospital
admission were associated with severe COVID-19, charac-
terized by pneumonia, respiratory distress, lethargy and
convulsions [45]. In addition, a retrospective Chinese study
examining anti-spike IgG on hospital admission of 580
patients noted that, in comparison to unvaccinated patients,
vaccinated seropositive patients had adjusted odds ratios of
0.05 (95 % CI 0—0.63) to 0.14 (95 % CI 0.02-0.87) for developing
severe COVID-19 pneumonia depending on the adjustment
model [48]. Accordingly, in a Norwegian study, low antibody
levels at hospital admission were associated with poorer
pulmonary outcome after three months [61].

Moreover, a prospective multicenter cohort study on 275
patients with type 2 diabetes (T2D) noted that patients who
required oxygen administration, endotracheal intubation
and ICU admission had significantly lower anti-SARS-CoV-2
spike antibodies on hospital admission than patients who
did not [44]. With regard to ICU admission, a retrospective
study on 627 hospitalized patients further reported that low-
titer patients (<132 U/mL) had higher need for ICU care (24
[51.1%] vs. 22 [11.0 %], p=0.034) than high-titer patients
(>132 U/mL) in breakthrough cases [46].

Mortality

In a prospective multicenter cohort study on 1,152 hospitalized
COVID-19 patients, anti-SARS-CoV-2 spike antibodies measured
on admission were inversely associated with in-hospital
mortality. In patients infected with the Omicron variant,
mortality risk was 4 times higher if antibody levels were below
1,200 BAU/mL (aOR 4.08, 95 % CI 1.81-9.20, p<0.001) [43].

Further, in T2D patients, mortality risk increased two-
fold with each standard deviation decrease of antibody
levels (aHR 1.99, 95 % CI 1.23-3.22, p=0.005). Comparable re-
sults were observed for the control group of 877 non-diabetic
individuals [44].

This is supported by another study comprising 589
critically ill adults from the U.S. that found IgG levels of
anti-spike and anti-RBD antibodies were significantly lower
in the deceased group as compared to the levels found in
patients who survived [47]. A retrospective study of 627
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hospitalized U.S. patients further reported that low-titer
patients had higher mortality (10 [21.3 %] vs. 5 [6.8 %],
p=0.025) than high-titer patients (>132 U/mL)[46].

Accordingly, another retrospective cohort study of 434
hospitalized patients described lower odds of in-hospital
mortality for patients with higher baseline anti-spike
antibody levels [50]. A smaller study from Italy including
152 vaccinated patients with anti-spike IgG measurements
also found significantly lower mortality in seropositive vs.
seronegative patients (10.7 vs. 33.3 %, p=0.005)[51]. Similar
results were obtained by four other medium sized studies
comprising between 120 and 509 patients that reported an
association between antibody levels and lower mortality
[49, 53, 55, 58].

Conflicting evidence regarding hospitalization and
severe disease

In contrast to the above, we identified four smaller studies
that could not confirm an association between antibody
levels and COVID-19 severity [52, 54, 57, 60]. Participant
counts ranged from a total of 109-232 individuals, however
the number of antibody positive patients was below 100 in
each study, with one study [57] comprising only 34 sero-
positive individuals. Of note, due to various potential sources
of bias, these studies were either graded in the lowest or in
the moderate scoring tertile according to the CASP checklist
(compare Table 1).

One study examining multiple sclerosis patients did not
find an association between antibody levels and hospitali-
zation. However, the results of this study may have been
affected by several potential sources of bias. Firstly, antibody
measurements were only available for 79 of 209 patients,
suggesting a potential selection bias. Secondly, antibody
measurements were conducted using more than one assay
and thirdly, the time of measurement spanned a period of
6 months preceding infection, which may have introduced
assessment bias [54].

Another study analyzing 232 hospitalized patients, of
whom 91 were seropositive for anti-spike antibodies, did not
find an association between antibody titers and the com-
posite outcome of ventilation and death [52]. The composite
endpoint of these two outcomes may have resulted in some
degree of assessment bias.

Finally, a small study from India comprising 109 hos-
pitalized patients, of whom antibody measurements were
conducted in 82 patients, could not confirm an association
between neutralizing antibodies and development of
severe disease as defined by ICU admission and reduced
oxygen saturation at ambient air [60]. Apart from the low
patient count, unequal healthcare access in India may have
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resulted in some degree of selection bias. In addition, the
study was conducted between April and June 2020 when
vaccines were not yet available, suggesting that the anti-
body response measured in this population was formed
entirely in response to the infection present at the time of
the study.

Discussion

In this systematic review that included 33 studies and over 30
million individuals, we found that anti-SARS-CoV-2 anti-
bodies were consistently associated with reduced risk of
reinfection or breakthrough infection for 5-12 months after
primary infection and for at least 4 months after vaccination.
With regard to anti-SARS-CoV-2 antibody levels and reduced
COVID-19 severity, the overwhelming majority of identified
studies observed significantly better outcomes in seroposi-
tive vs. seronegative patients. We further found that both
risk of infection and COVID-19 severity decreased with
increasing antibody levels.

Interpretation

These results are in accordance with evidence from large
vaccine efficacy studies that did not report antibody mea-
surements. For instance, a study comprising over 4.5 million
individuals from Israel aged 16 years or older noted that
rates of confirmed infection were approximately 10 times
lower after booster vaccination than in non-boostered
individuals [12]. In boostered patients aged 60 years or
older, rates of severe illness and mortality were 17.9 (95 % CI
15.1-21.2) and 14.7 (95% CI 10.0-21.4) times lower after
booster vaccination. Accordingly, a study including 1.2
million older adults showed that a fourth dose lowered rates
of severe COVID-19 by a factor of 3.5 (95 % CI 2.7-4.6) [13]. A
meta-analysis of 10 studies encompassing close to 10 million
individuals also showed that primary infection was associ-
ated with a weighted average risk reduction of 90.4 % for
reinfection (standard deviation 7.7 %, p<0.01) [62].

In line with results from this systematic review, previ-
ous studies show that risk of SARS-CoV-2 infection was
reduced following vaccination or preceding infection but
protection was not absolute and the duration was relatively
short lived [12, 62]. In contrast, protection against adverse
outcomes appeared to last longer [12] and lower antibody
levels were sufficient to confer protection [63].

While included studies primarily reported anti-
SARS-CoV-2 spike and/or RBD antibody levels, these
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antibodies have been shown to correlate well with neutral-
izing potency and therefore constitute a good surrogate for
measuring neutralizing antibodies [55, 64].

This systematic review found similar results by studies
conducted at the beginning of the pandemic, when Alpha
and Delta variants were prevalent, and more recent studies
based on infections with the Omicron variant, suggesting
that antibody measurements are useful as a prognostic
tool irrespective of the prevailing virus variant. However,
antibodies formed against wild-type SARS-CoV-2 have been
shown to lose some neutralizing potency against the Omi-
cron variant [65, 66]. While, sufficiently high antibody
levels were still found to be protective, this suggests that
not all antibody levels are equally efficient and that regular
booster vaccinations with updated vaccines are required in
order to best protect vulnerable patient groups. In addition,
antibody levels decline more quickly in older adults [17-22]
and antibody affinity is known to decrease with age due to a
combination of factors including reduced somatic hyper-
mutation and lower rates of spontaneous mutations in
variable regions [67, 68]. Hence, antibody thresholds for
guiding booster vaccinations need to be set high enough to
account for this variability in efficiency.

Importantly, antibody levels that are present at the
onset of an infection seem to confer protection against
severe courses and COVID-19 related mortality and may thus
be useful for early identification of high-risk patients and
timely adjustment of therapy. However, as severe courses
elicit stronger antibody responses than mild disease, anti-
body levels measured in the course of COVID-19 are no
longer indicative of protection but appear to reflect the
current disease severity [53, 69-72]. Thus, the prognostic
usefulness of anti-SARS-CoV-2 antibodies depends on the
time of measurement.

Limitations of included evidence

A high degree of heterogeneity was present among the
studies that were included in this systematic review.
Sources of heterogeneity included different antibody
testing systems, different antibody types, a wide range in
the timing of antibody measurements, different follow up
periods and different severity measures. Risk measures
were also highly heterogeneous and only reported in a
fraction of studies.

Although the number of studies included with regard to
immunity against SARS-CoV-2 and COVID-19 severity were
similar, the total number of included individuals was sub-
stantially lower for studies on COVID-19 severity (30,432,941
vs. 14,701).
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All currently available evidence is based on observa-
tional cohort studies. Two studies were classified as phase 3
clinical trials; however, the antibody analysis conducted by
these studies was based on a cohort and is thus also obser-
vational in character. The presence of some degree of
reporting bias cannot be excluded, particularly with regard
to immunity against SARS-CoV-2 infection as no studies
reporting negative results could be identified.

Included studies consistently reported an inverse
association between higher antibody levels and reduced
rates of infection or reinfection, as well as between higher
antibody levels and lower rates of symptomatic infection
and COVID-19 mortality. However, while several larger and
medium-sized studies also observed reduced rates of hos-
pitalisation and severe courses, there was some conflicting
evidence from four smaller studies with regard to the latter
two outcomes.

Differences in study results may stem from various
factors, most notably low patient count and wide ranges in
the timing of antibody measurements. In addition, studies
based on softer endpoints such as disease severity depend on
subjective clinical assessments and are thus more prone to
assessment bias than studies based on hard endpoints like
patient mortality [73].

Vaccination status may also affect results as studies
conducted during the early phases of the pandemic primarily
included non-vaccinated patients without previous SARS-CoV-
2 contact, whose antibody levels were solely formed in
response to the present infection and hence not indicative of
pre-existing protection.

In addition, current evidence shows that protection
against infection and adverse outcomes increases incre-
mentally with higher antibody levels [33, 44]. Accordingly,
several studies that have found better outcomes with
higher antibody levels have suggested relatively high
antibody thresholds [35, 42, 43]. Thus, studies employing
very low thresholds may have been unable to detect a
potential protective effect because antibody levels were
insufficient.

Several studies that were included in this systematic
review did not provide details on the antibody assays that
were used in their work. For instance, a large, comprehen-
sive study on more than 27 million individuals by Reynolds
et al. [29], only reported that anti-SARS-CoV-2 antibodies
were measured but did not describe the assays that were
employed by the respective study centres.

In addition, while some studies did report binding
antibody units (BAU), it has to be noted that, contrary to
the original intention of introducing this unit, significant
differences have been described between assays and a
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complete harmonization of test results has not yet been
achieved [74]. While the variability between different
assays is unlikely to affect the overall outcome of the
studies included in this systematic review, it may limit the
comparability between studies and compound the chal-
lenge of defining protective antibody thresholds.

Strengths and limitations of the review
process

We conducted a comprehensive search of PubMed, and via
the WHO COVID-19 research database of Embase and
Medline databases, screening over 1,160 studies. While we
cannot exclude that studies only available on other plat-
forms may have been missed, this systematic review com-
prises over 30 million individuals from a total of 33 studies,
thus providing a broad basis of evidence. In addition, each
step of the study selection and quality assessment process
was conducted independently by two researchers to limit
the risks of selection and assessment bias.

Implications

The highly concurrent results and considerable patient
counts do support a positive association between antibodies
and reduced risk of SARS-CoV-2 infection. While the evi-
dence is not quite as strong with regard to COVID-19 severity,
high quality studies comprising high patient counts also
support an association between higher antibody levels and
better outcomes.

This suggests that defining antibody thresholds for
efficient application of booster vaccinations would be useful
for best protecting vulnerable patient groups, including
older adults, obese or highly comorbid patient subsets. In
addition, these cut-offs would be useful for early identifica-
tion of high-risk patients at hospital admission and would
allow for timely adjustment of therapy.

Thus far, several cut-offs have been suggested, most
notably 250 BAU/mL for immunity [38] and 1,200 BAU/mL for
protection against COVID-19 mortality [43]. However, addi-
tional data from separate cohorts is urgently needed to
define and clarify protective thresholds for clinical use
including advising susceptible patients on future booster
vaccinations and identifying patients at high risk of adverse
outcomes.
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