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Summary
Background As coronavirus disease 2019 caused
by severe acute respiratory syndrome coronavirus 2
evolved only recently, the persistency of the anti-viral
antibody response remains to be determined.
Methods We prospectively followed 29 coronavirus
disease 2019 cases, mean age 44± 13.2 years. Except
for one participant with a pre-existing diagnosis of
rheumatoid arthritis, all other participants were pre-
viously healthy. We determined anti-viral binding an-
tibodies at 2–10 weeks, 3 months, and 6 months af-
ter disease onset as well as neutralizing antibodies at
6 months. Two binding antibody assays were used,
targeting the S1 subunit of the spike protein, and the
receptor binding domain.
Results All participants fully recovered spontaneously
except for one who had persisting hyposmia. Anti-
bodies to the receptor binding domain persisted for
6 months in all cases with a slight increase of titers,
whereas antibodies to S1 dropped below the cut-off
point in 2 participants and showed a minimal de-
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crease on average, mainly at month 3 of follow-up in
males; however, neutralizing antibodies were detected
in all samples at 6 months of follow-up.
Conclusion There is a stable and persisting antibody
response against acute respiratory syndrome coro-
navirus 2 at 6 months after infection. Neutralizing
antibodies confirm virus specificity. As the number
of coronavirus disease 2019 convalescent cases is
increasing sharply, antibody testing should be im-
plemented to identify immunized individuals. This
information can be helpful in various settings of pro-
fessional and private life.

Keywords Immunity · Prospective · ELISA · Virus ·
Neutralizing

Introduction

Coronavirus disease 2019 (COVID-19) caused by se-
vere acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) emerged in Austria in early 2020 [1] receiv-
ing utmost attention in every aspect of private and
public life. By 16 November 2020 more than 200,000
people were infected with SARS-CoV-2 in Austria with
more than 1700 deaths (https://covid19-dashboard.
ages.at). In order to reduce spreading of the disease
political decisions had to be made that severely af-
fected the quality of life not only of Austrians but of
all people worldwide and also has a substantial so-
cioeconomic impact [2].

The SARS-CoV-2 infection induces an immune re-
sponse with activation of the innate and adaptive im-
mune system leading to viral clearance and sponta-
neous recovery in the majority of nonfatal cases [3].
Virus-specific T and B cells evolve and consequently
virus-specific antibodies are produced by plasma cells
usually some days up to a fewweeks after infection de-
pending on the immunoglobulin (Ig) subclass [3]. De-
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pending on the sample size, population, comorbidi-
ties, treatment, and type of antibody assay the vast
majority of COVID-19 patients develop an antibody
response [4–14].

The durability of the antibody response remains to
be determined although short-term follow-up studies
revealed stable antibody titers post-COVID-19 infec-
tion in symptomatic as well as asymptomatic cases
[4, 6–10, 12–16].

This article presents 6 months follow-up SARS-
CoV-2 antibody results in a prospective Tyrolian co-
hort.

Methods

Study population

We identified a COVID-19 cluster at a grammar school
in March 2020. Teachers who reported typical symp-
toms and/or had a positive SARS-CoV-2 PCR test
result as well as their partners and other household
members were included. Furthermore, the layout of
the school’s staffroom was assessed and colleagues
who fulfilled contact criteria (i.e. sharing a desk with
a COVID-19 case and regular presence in school dur-
ing the week before shut-down on 15 March 2020)
were also invited for antibody testing. Students at-
tending classes of affected teachers were directly
asked if COVID-19 has been diagnosed. Also, we in-
quired at the school’s directorate and Tyrolean health
authorities if any affected students were reported.
The school hosts roughly 700 students from 9th to
13th form, i.e. the typical age ranges from 15 to
19 years. The authors’ work environment (University
Hospital Innsbruck) was screened including relatives
of hospital staff members were included.

In total 169 persons were screened for SARS-CoV-2
antibodies.

Case definitions

A thorough history was taken from all participants and
according to the European Centre for Disease Preven-
tion and Control (www.ecdc.europa.eu/en/covid-19/
surveillance/case-definition) COVID-19 cases were
clinically defined as any person with at least one of
the following symptoms: cough, fever, shortness of
breath, sudden onset of anosmia, ageusia or dysgeu-
sia.

The following case classification were applied:

� Possible case: any personmeeting the clinical crite-
ria

� Probable case: any person meeting the clinical cri-
teria with an epidemiological link

� Confirmed case: any personmeeting the laboratory
criteria.

Samples

For antibody assay verification we included samples
as negative controls that were collected during the
year 2020 from a previous unrelated study (historic
controls) as well as current samples from potentially
COVID-19 exposed persons (mostly hospital staff)
who were asymptomatic. Also, 82 subjects who par-
ticipated in a survey initiated by the Department of
Psychiatry, Psychotherapy and Psychosomatics from
whom blood was collected at a single time point after
PCR testing were analyzed.

Negative controls consisted of 187 samples.
Positive controls (46 samples including patients

who were not part of the prospective cohort) were
taken from confirmed or probable COVID-19 cases
with a minimum interval of 2 weeks after symptom
onset.

Prospective cohort

In COVID-19 cases as well as asymptomatic subjects
who fulfilled the contact criteria and had a positive
SARS-CoV-2 antibody test in April 2020 at the lat-
est, blood samples were serially collected at 3 time
points after symptom onset. T1 between 2 weeks up
to 2 months, T2 between 3 and 4 months, and T3 at
6 months. Binding SARS-CoV-2 antibodies were deter-
mined at all time points and neutralizing antibodies
were tested in all samples at T3.

Assays

Detection of SARS-CoV-2 RNA by real-time PCR
Real-time (RT) PCR for the detection of SARS-CoV-2
was performed using the RealStar® SARS-CoV-2 RT-
PCR kit 1.0 (Altona Diagnostics GmbH, Hamburg, Ger-
many). Cycle threshold (Ct) values below 40 were
rated as positive. The validity of the test was assured
using negative, positive, and internal controls.

Anti-SARS-CoV-2 binding antibodies (ELISA)
We used two commercially available SARS-CoV-2
antibody ELISA assays and performed tests accord-
ing to the manufacturers’ instructions. One assay
uses the SARS-CoV-2 receptor binding domain (RBD)
of the S1 subunit of the spike protein as target in
a two-step incubation antigen sandwich enzyme im-
munoassay kit. Bound antibodies (total Ig) were
detected using peroxidase labelled RBD (RBD pan-
Ig; Wantai Biological, Bejing, China). This assay
was previously evaluated by the Institute of Virology
and AGES (https://www.ages.at/en/wissen-aktuell/
publikationen/evaluierung-des-wantai-sars-cov-2-
ab-rapid-tests/) with excellent sensitivity and speci-
ficity. The other assay uses the full S1 subunit of
the spike protein as antigen and an anti-human IgG
detector antibody (Euroimmun, Lübeck, Germany).
Assay read-outs are optical densities (OD) and results
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are reported as index values, which are obtained by
the ratio between the test sample OD and a reference
sample OD provided with the test kit with a slight
modification in the latter assay because the interassay
precision of the provided reagents was unsatisfactory.
Therefore, we calculated a cut-off OD from negative
controls as the sample ODs had a much better per-
formance in interassay precision (see results). Both
assays are fully validated and CE-certified.

Anti-SARS-CoV-2 neutralizing antibody assay
The assay is based on a replication defective vesic-
ular stomatitis virus (VSV) vector, which carries the
glycoprotein of SARS-CoV-2 in its envelope (VSV-S) as
previously described [17].

This assay was validated by performing a neutral-
ization test with the replication competent SARS-
CoV-2 isolated during the study under Biosafety level
3 (BSL3) conditions. Vectors were preincubated with
patient samples and subsequently used for infection
of Vero cells. Infectivity or neutralization was deter-
mined using a marker protein expressed by the VSV-S
vector (secreted alkaline phosphatase, SEAP) through
ELISA-based colorimetric detection. Twofold serum
dilutions of a 1:4 dilution were analyzed. The anti-
body dilution, which resulted in >50% reduction in
the SEAP signal as compared to the negative control
was defined as neutralizing titer.

Statistics

Analyses were done using GraphPad Prism software
version 8.41 (GraphPad Software, La Jolla, CA, USA).

Means, standard deviations, and ranges were cal-
culated for normally distributed data. Nonparametric
tests were used for nonnormally distributed data. Co-
hen’s kappa was determined for assay agreement, and
Spearman coefficients for correlation analyses. For
repeated measures, we applied Kruskal-Wallis test as
there were 4 samples missing at T1 with adjusted p-
values using Dunn’s multiple comparison test.

The tolerated type 1 error was set at 5%.

Ethics

The study was approved by the local ethical commit-
tee and all participants gave written informed con-
sent.

Results

Epidemiology

Infection rates in grammar school
The school’s index case (male, 43 years) attended
a sports event in a crowded gym (approximately 300
participants) on 7 March 2020 and developed typi-
cal COVID-19 disease on 11 March 2020. There was
no better explanation for the infection by any other

sources. Until 18 March 2020 further 7 out of 80 teach-
ers acquired symptomatic COVID-19, confirmed by
SARS-CoV-2 antibodies during this study, all of whom
recovered spontaneously without sequalae resulting
in an infection rate of 10% (95% confidence interval,
CI 4–19%). Only two teachers were PCR tested during
the symptomatic phase. The remainder were either
declined by authorities or did not see a doctor be-
cause of mildness of symptoms. The average age was
51 years (range 38–46 years) comprising 5 males and
3 females. The typical desk space in the staffroom
is 65–80cm wide and the assigned workplaces of all
affected teachers were close to each other (i.e. less
than 2 m).

There are 8 teachers including the index case who
meet regularly for coffee breaks in a separate room on
a table which is 120×130cm in size. Of those, 3 were
affected by COVID-19 which comes down to a 38%
(95% CI 9–76%) infection rate of this particular group.

Of the remaining 29 teachers (17 female 12 male,
mean age 47 years, range 29–64 years) sharing desks
with the COVID-19 cases, including the director who
had regular contact to all staff members, all tested
SARS-CoV-2 antibody negative. Of those, 13 reported
unspecific symptoms that occurredmostly during Jan-
uary and February 2020 and were therefore not con-
sidered possible COVID-19 cases.

To the best of our knowledge none of the approxi-
mately 700 students were affected until reopening of
school in June 2020.

Households and partnerships

We identified 16 couples, 1 single living with both par-
ents, and 12 children living in the households of 5 of
the couples. One partner in each of the couples con-
tracted COVID-19 elsewhere (7 of those in school).
Of the other partners 12 contracted the disease in the
partnership and 4 were asymptomatic but 1 was SARS-
CoV-2 antibody positive. Of the children five reported
typical symptoms but tested negative in the antibody
assay. The two parents were asymptomatic. Includ-
ing the antibody positive partner, the infection rate in
couples was 82% (95% CI 54–96%).

In this cohort 29 individuals (Table 1) devel-
oped SARS-CoV-2 antibodies and were followed for
6 months. All cases fully recovered from COVID-19
symptoms except for one person in whom there is
incomplete recovery of hyposmia to date. One partic-
ipant has been diagnosed with rheumatoid arthritis
(RA) and treated with azathioprine. All others were
healthy at the time of COVID-19 onset. The RA pa-
tient experienced a relapse during COVID-19 disease
which was treated with corticosteroids and resolved
thereafter.

One of the SARS-CoV-2 antibody positive partici-
pants was re-exposed as the partner contracted PCR-
confirmed COVID-19 recently. The participant had no
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Table 1 Prospective cohort COVID-19 cases and contact
persons by antibody status

Antibody positive
(n= 29)

Antibody negative
(n= 46)

Female/male 14/15 28/18

Age (years,
mean± SD)

44± 13.2 39± 16.8

Cases by classification

Confirmed (n) 13 0

Probable (n) 15 8

Asymptomatic (n) 1 38

symptoms at the second exposure and tested negative
on SARS-CoV-2 PCR.

SARS-CoV-2 binding antibody assay performance

Diagnostic sensitivity was 91.5% for the S1 IgG assay
and 95.5% for the RBD pan-Ig assay. Diagnostic speci-
ficity was 97.7% for the S1 IgG assay and 97.4% for the
RBD pan-Ig assay.

The average interassay precision was 34% for the
reagents provided by Euroimmun (positive and nega-
tive controls, calibrator) and 5% for the sample ODs.
The interassay precision for the positive control of the
RBD pan-Ig assay (Wantai) was 15%, for the sample
ODs 9%, and 12% for the calculated OD index values.
Because of the low performance of the Euroimmun
reagents we determined an upper reference limit of
normal by adding 3 times the standard deviation to
the mean OD of 122 negative controls. In analogy to
the RBD pan-Ig assay, we then calculated the S1 IgG
index values by dividing sample ODs by the reference
OD.

Of 167 samples from the prospective and retrospec-
tive (verification) cohorts tested in both ELISAs, 163
(97.6%) had concordant results as shown in Table 2
with a kappa value for agreement of 0.950 (95% CI
0.901–0.998).

SARS-CoV-2 antibody persistency

In the prospective cohort 29 individuals were fol-
lowed of whom 24 had blood collected at T1 (mean
of 7± 2 weeks) and all 29 participants at T2 (mean of
14± 2 weeks), and T3 (mean of 27± 1 weeks).

At T2 one sample was negative in the S1 IgG assay
but all samples were positive in the pan Ig assay. At T3
two samples (one of those already negative at T2) were
negative in the S1 IgG assay and again all samples re-

Table 2 SARS-CoV-2 binding antibody assay agreement
S1 IgG

Pos Neg Total

Pos 99 3 102

Neg 1 64 65

RBD
pan-Ig

Total 100 67 167

Cohen’s kappa= 0.950 (95% confidence interval [CI] 0.901–0.998)

mained positive in the pan Ig assay (Figs. 1 and 2).
Index values by the three time points are shown in
Fig. 1a, b. There was no significant difference be-
tween these three time points regarding both S1 IgG
and RBD pan-Ig values. The decline in S1 IgG indices
was driven by male participants in the first 3 months
after disease onset. This effect did not occur in fe-
males (Fig. 1c).

Plots of individual index values of all longitudinal
samples are shown in Fig. 2.

At 6 months follow-up all participants had neutral-
izing anti-SARS-CoV-2 antibodies with a median titer
of 1:64 ranging from 1:16 to 1:256. Spearman correla-
tion coefficients were 0.68 between neutralizing titers
and S1 IgG index, and 0.69 between neutralizing titers
and RBD pan-Ig values (p<0.0001 for both).

Discussion

In the present study we found a persistent anti-SARS-
CoV-2 antibody response over 6 months including
neutralizing activity in all participants. The epidemi-
ology in the subcohort of high school teachers as well
as in household members followed known patterns
with physical vicinity and time of exposure being the
driving factors of transfection rates [18].

We feel that these data are important and reassur-
ing for long-term immunity after COVID-19 disease.
There is little doubt that there is protective immu-
nity in convalescent cases. The immune response fol-
lows standard patterns of anti-viral protective immu-
nity with neutralizing antibodies in the majority of
infected people [7, 12, 15, 16, 19]. The SARS-CoV-2
specific T-cells and B-cells have been demonstrated
in patients recovered from COVID-19 as well as SARS-
CoV-2 specific memory cells [20]. In a large outbreak
of COVID-19 on a fishery vessel affecting 104 out of
122 crew members the individuals with neutralizing
anti-SARS-CoV-2 antibodies remained asymptomatic
and repeatedly tested negative in SARS-CoV-2 PCR ex-
cept for one person with a very weak PCR signal [19].
One of our antibody positive study participants re-
mained asymptomatic and PCR negative after re-ex-
posure through the partner, a situation with a high
likelihood of infection as shown in the partnership
analyses with a transfection rate of 82%. In nonhu-
man primates antibody-associated protective immu-
nity could be demonstrated by SARS-CoV-2 infection
and reinfection [21]. The animals had no COVID-19
symptoms after re-inoculation and a boost of their
antibody response.

There are a few reports of possible SARS-CoV-2 re-
infection [22–24]; however, no case occurred in a sim-
ilar setting to our study population, i.e. reinfection
after a reasonably stable phase of convalescence and
persisting antibody response. Most of the reported re-
infections were most likely reactivations shortly after
primary disease onset or had no antibody response
after the first event, a notion supported by a recent
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Fig. 1 Anti-SARS-CoV-2 antibody index values over time.
a Antibody index values for the S1 IgG assay at 3 consecutive
time points. Lines indicate median values and error bars show
interquartile ranges. Corrected p-values are shown above the
brackets. Spearman correlation coefficients for T1 vs. T2 was
0.89, and for T1 vs. T3 it was 0.70 (p-value <0.001 for both).
Of note, at T1 (months 1–2) data of 4 individuals are missing.
In each column one patient occurs only once. b Antibody in-
dex values for the RBD pan-Ig assay at three consecutive time
points. Lines indicate median values and error bars show in-
terquartile ranges. Corrected p-values are shown above the

brackets. Spearman correlation coefficients for T1 vs. T2 was
0.65, and for T1 vs. T3 it was 0.49 (p-value <0.02 for both). Of
note, at T1 (months 1–2) data of 4 individuals are missing. In
each column one patient occurs only once. c S1 IgG indices
by sex. Levels remained stable in females with median (95%
CI) values at T1, T2 and T3 of 3.5 (2.3–8.2), 3.8 (1.6–7.5) and
3.95 (1.0–7.0), respectively, whereas a decline was observed
in males with values at T1, T2 and T3 of 6.7 (3.6–10.6), 4.3
(2.1–7.9), and 4.1 (1.5–6.6), respectively. None of the differ-
ences were significant

study on a larger population concluding that reoccur-
rence of viral RNA after COVID-19 recovery reflects
reactivation rather than true reinfection as viral clear-
ance may take up to 3 months after primary infection
[25].

The technical assay performance was good with
sensitivities and specificities very similar to previous
reports [26] and a slight advantage for the RBD pan-
Ig assay, which seems to be more sensitive and sta-
ble over time [7, 8, 12]. The decline of the anti-S1
IgG response has been described earlier [4], it is how-

ever, unclear how to interpret this finding. Both sub-
jects who had S1 IgG indices below cut-off point at
6 months still had neutralizing activity and a positive
response against the RBD. It seems that the S1 protein
harboring the receptor binding domain is the main
target for virus neutralization [27], corroborated by
the strong correlation between binding and neutraliz-
ing titers found by us and others [16]. We assume that
epitopes are expressed differently on RBD versus full
S1 protein. Also, the assay formats differ with direct
coating of S1 onto the plate for the Euroimmun as-
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Fig. 2 Individual time
course of S1 IgG and RBD
pan-Ig antibody indices.
a Individual longitudinal
S1 IgG index values. The
dashed horizontal line indi-
cates the cut-off point be-
tween negative and positive
results. b Individual longitu-
dinal RBD pan-Ig index val-
ues. The dashed horizon-
tal line indicates the cut-off
point between negative and
positive results
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say as opposed to a sandwich design provided by the
Wantai test. The difference in antibody kinetics were
also observed previously [4]. Apart from the present
study, we are aware of only one other report follow-
ing COVID-19 cases for 6 months showing persisting
neutralizing anti-SARS-CoV-2 antibodies in all post-
COVID-19 cases after 6–7 months along with T-cell
memory [15].

Of course, one can only speculate about the future
persistency of antibodies but the kinetics so far seems
promising for a long-lasting response which depends
on titers as indicated by the strong correlation be-
tween baseline and follow-up index values. Also, the
curve of decline flattens. We found the difference of
S1 IgG index values to be larger between T1 and T2,
an effect that was restricted to males, whereas hardly
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any changes occurred later. Males are usually more
severely affected by the disease and might therefore
display a larger boost in the first weeks of their anti-
body response [28]. Several other studies found sim-
ilar results pointing towards a long-lasting immune
response [4, 15, 16].

The limitations that need to be mentioned include
the relatively low number of study participants; how-
ever, this is one of the few prospective cohorts fol-
lowed for 6 months. Although few studies found an
early decline of antibody levels [29] the majority of
reports are much in line with our findings. In this re-
spect, one has to consider the many different assays
that were used by various investigators and might ac-
count for discordant results. Furthermore, our results
apply to a largely healthy population aged between 29
and 65 years withmild tomoderate COVID-19 disease.
Therefore, we cannot speak for children, an older pop-
ulation, immunocompromized, and people with rele-
vant comorbidities who might behave very differently
in terms of immunity and duration thereof.

In practical terms we suggest testing all convales-
cent cases for antibodies a few weeks after recovery
and performing follow-up tests every 3–6 months de-
pending on the titer. Any validated S1 or RBD bind-
ing assay should suffice as there is strong evidence
that these assays are a surrogate for neutralization.
Given the rapidly increasing number of people recov-
ered from COVID-19, sooner rather than later the sta-
tus of immunity needs to be acknowledged, which can
be applied in many different contexts. Firstly, there is
no need for vaccination in already immunized per-
sons. Also, scheduling in healthcare deployment, par-
ticularly for nurses who are frequently in close con-
tact with patients, could consider immunity and in
fact any other professions where deployment plans
are needed. In workplaces, where close contact be-
tween employees occur, such as distribution centers,
vessels, or meat industry knowledge of immunity can
be helpful [19, 30]. In fact, in these environments
COVID-19 clusters occurred in the past resulting in
many immunized people who can now stay together
for work with very low risk of new clusters for the time
being.
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