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ABSTRACT

Vaccination toward SARS-CoV-2 reduced mortality and ‘boosters’ are being implemented. We offer scientific
contribution about IgG production in the COVID-19 experienced population. From January 2021 to
March 2021, 183 residents and staff from the Elderly Nursing Home “San Giuseppe Moscati” who had
received two doses of the BNT162b2 vaccine were enrolled. The antibody response was assessed by the
DiaSorin LIAISON-CLIA S1/52° IgG solution. Cutoff levels for response (>39 BAU/mL) and neutralizing activity
(>208 BAU/mL) were derived from DiaSorin official data. Serology was assessed before and after the first
vaccination, and 2 weeks and 6 months after the second vaccination. Anti-S IgG in COVID-19 experienced,
baseline IgG producers spiked after the first vaccination to median 5044 BAU/mL and decayed at 6 months
to 2467.4 BAU/mL. Anti-S IgG in COVID-19 experienced, baseline IgG non-producers spiked after the second
vaccination to median 1701.7 BAU/mL and decayed at 6 months to 904.8 BAU/mL. Anti-S IgG in COVID-19
naive subjects spiked after the second vaccination to median 546 BAU/mL and decayed at 6 months to 319.8
BAU/mL. The differences between sequential timepoint levels in each group were statistically significant (p
<.0001). Serology analysis revealed different kinetics between COVID-19 experienced subjects depending
on baseline response, possibly predicting different IgG persistence in blood.
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Introduction .
Materials and methods

In response to the pandemic, 33 COVID-19 vaccines have been
approved for use and 10 are in the WHO’s Emergency Use
List." More than ten billion vaccine doses have been adminis-
tered, reducing COVID-19 spread and mortality, as well as the
risk of escape variants.>> Vaccines available in Europe are
mainly messenger RNA (mRNA) vaccines, without preserva-
tives or adjuvants. Other vaccines are made using human and
primate adenovirus vectors or an inactivated whole-virus
SARS-CoV-2 vaccine or only the spike protein, following the
influenza vaccine technology.® Vaccinated people are less
prone to acquire infection with the delta variant, the disease
is generally milder, contagiousness lasts less and mortality is
lower.” But how long does vaccine-induced immunity last and
what is the best timing for a booster dose? Is timing the same
for all people? COVID-19 experienced subjects maintain func-
tional natural immunity for a long period of time®*and show
particularly robust immune responses to vaccines.” Initial eva-
luation of the decay after vaccination sorted rates that are
similar to immunity after infection, however the threshold
achieved for prevention of infection is likely to be crucial.'’
The present study aim is to assess the decay in serum anti-spike
IgG levels over 6 months from vaccination in a mixed cohort of
young and elderly, COVID-19 naive and COVID-19-
experienced subjects.

We enrolled residents and staff members from the Elderly
Nursing Home “San Giuseppe Moscati” (Milan) from
January 2021 to March 2021. All subjects received two
doses of the BNT162b2 vaccine. Seven hundred thirty-two
plasma samples have been analyzed (312 from residents and
420 from staff) in June 2020, after the first wave, in January
and February 2021, 14 days after the first and second vaccine
shot, and at the end of July 2021 approximately 6 months
after the second shot (end of January). Twenty-nine subjects
had acquired infection more than 6 months before vaccina-
tion and more than 2 before baseline antibody testing (range
41-78 days) and there was a 68% overlap between longer
delay and negative result at baseline. The antibody response
was assessed by the DiaSorin LIAISON-CLIA S1/S2° IgG
solution, and results are reported in the WHO BAU/mL
(Binding Antibody Units, 1 BAU/mL=2.6 x AU/mL).
Tests were performed in duplicate for accuracy. The cutoff
levels for ‘non responders’ and ‘threshold for neutralization
potential’ were derived from DiaSorin official data. The
minimal cutoff level for positive antibody production is 39
BAU/mL, while the cutoff level for 100% correlation with
90% Plaque Reduction Neutralization Test (PRNT90) is 208
BAU/mL."" After signing written informed consent subjects
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were enrolled in the AntiCROWN longitudinal study of anti-
S1/S2  response, approved by the “Comitato Etico
Interaziendale Area 17, n. 2020/ST/158.

The Shapiro-Wilk test was used to test the normal distribu-
tion of quantitative variables. When these were normally dis-
tributed, the results were expressed as mean values and
standard deviation (SD), otherwise we used median values
and interquartile range (IQR; 25th -75th percentile).
Parametric or non-parametric tests were used to compare
quantitative variables (the t-test for independent samples for
comparisons between two groups or the Mann-Whitney test).
Chi-squared statistics or Fisher’s exact test, as appropriate,
were applied to compare qualitative variables. Univariate and
multivariate linear regression models for repeated measures
were performed to analyze associations between antibody
levels (after log transformation) and cohorts (patients and
health care workers), sex, age, comorbidities: overweight, anti-
flu vaccination side effects after 1°* dose and 2™ dose.

A p<.05 was considered to be statistically significant. All
tests were two-sided. Data analysis was performed using the
STATA statistical package (version 15; Stata Corporation,
College Station, 2019, Texas, USA).

Results

The population examined is composed of 78 patients and 105
operators (health workers and administration staff) of
a Nursing Home, with huge differences in age, comorbidities
and exposure to COVID-19. Table 1 shows the differences in
baseline and demographic data between operators and patients
and between COVID-19 naive and COVID19-experienced
subjects. Patients are significantly older than staff and have
more comorbidities, particularly cardiovascular, renal, and
metabolic diseases (P <.001), while COVID-19 naive are
older than COVID-19 experienced (P =.0102), without signif-
icant differences in the number of comorbidities nor in
immune suppressant, cytotoxic, or antiviral therapies (one
subject each). There was no correlation between overall or
specific comorbidities and response to vaccination, however
larger numbers may be required.

The main comorbidities that have been recorded in the
study population are cardiovascular diseases (38.25%), meta-
bolic disorders (17.49%), history of cancer (8.74%), pulmon-
ary diseases (8.2%), autoimmune disease (5.46%), renal
disease (5.46%), hepatic diseases (3.83%), cancer (2.73%),
diabetes mellitus (1.64%) and immune deficiency (1.09%).
Figure 1 shows the decay curves in anti-S IgG serum levels
and the proportion of patients at each time point by level
ranges (<39 BAU/ml, 39-208 BAU/mL and >208 BAU/mL).
As shown in panels A and B, the median IgG loss per month
for COVID-19 naive subjects in the first 6 months of com-
pleted vaccination is —36.9 BAU/mL, with an estimated time
to decay below 208 BAU/mL equal to 9 months (supposing
linear decay from the time of second vaccination). For
COVID-19 experienced subjects who produced anti-S1/52
IgG after infection, the decay rate is —188.8 BAU/mL and
the estimated time to below 208 BAU/mL is 18 months.
Finally, for COVID-19 experienced subjects who did not
produce anti-S1/S2 IgG after infection, the decay rate is

Table 1. Baseline characteristics of the population divided for role and past COVID experience.
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COVID-19 experienced subjects with 25Q Median

baseline anti-S IgG production

Baseline 76,7 181,48

First dose 968,5 5044

Second dose 678,6 3653

Six months after completion of vaccination 1042,6 2467,4

COVID-19 experienced subjects without

baseline anti-S IgG production

Baseline

First dose 2750 56,16 943,8

Second dose 3393 812,5 1701,7

Six months after completion of vaccination 13234 582,4 904,8

COVID-19 naive subjects 75 Q 2500 Median

Baseline

First dose

Second dose

Six months after completion of vaccination 629,2

136,76 319,8

completion of vaccination

Total COVID-naive (p<0.0001)

10 o

86

s

2>208
939-208
m<39

=>208
= 39-208
<39

3

60

E

)

8

16 20 P

2)

"

1
14yND ND ND ND ND 3 0 oND ND ND ND ND

2

COVID-experienced (p<0.0001)
Without baseline IgG production
100

COVID-experienced (p<0.0001)
With baseline IgG production
100 100

100 100

2>208
939-208
n<39

2>208
939-208
n<39

ND ND ND ND ND ND ND ND ND ND
00 09 0 |joo [[00

Proportion (%) of patients in each IgG range

0 T T T T T T T 1 0 T T T
O AN N NN N CONY AN
S« o o o& &g» L &gt‘ & #‘\‘\u o o 0,&'5‘ ‘,&w & &
F S W Y
O RS

1 0

S A & N
CARCAN S
&

°y

W

N S
AR
oW

N
,LQ"«

& @@

m‘é
&
"

R

« ,\\"‘ J ,Lgﬁ‘
S ES I Ay

y \""\
o {Lm &
» )‘b°

25 Q: 25" Quartile; 75 Q: 751 Quartile; BAU: Binding Antibody Units, IQR: InterQuartile Range; ND: Not Done

Figure 1. a&b: Serum anti-S1/52 IgG levels in response to 1st and 2nd doses of the BNT162b2 vaccine and 6-months after completion of vaccination, BAU/mL, median
value £ IQR. ¢: proportion of patients by serum level range groups (>208, 39-208 and <39 BAU/mL) at baseline, 1st and 2nd doses and 6-months later. Footnote: 25 Q:
25th Quartile; 75 Q: 75th Quartile; BAU: Binding Antibody Units, IQR: InterQuartile Range; ND: Not Done

—-42.6 BAU/mL and the estimated time to be below 208
BAU/mL is 15 months. Interquartile ranges in COVID-19-
experienced subjects narrow at 6 months. Differences within
time points for each curve are statistically significant, as
shown in Panel A. Panel C shows patients who do not pro-
duce antibodies (dark bars), patients who produce lower than
neutralizing antibody levels (intermediate bars) and patients
who produce neutralizing antibody levels (light bars). Trends
within subpopulations are statistically significant (P <.0001).
We compared COVID-19 naive trends with both COVID-19
experienced subgroups and the two COVID-19 experienced
subgroups both for any antibody production and for neutra-
lizing antibody levels, and all differences were statistically
significant (p <.0001). Overall, loss of IgG production at 6
months occurred only in 7% of COVID-19 naive subjects,
while decay below the threshold for neutralization occurred
in 41% of naive patients and in 3% of COVID-19 experienced
subjects who had no IgG production at baseline. COVID-19
experienced subjects who had significant IgG levels at base-
line maintained 100% neutralizing levels at 6 months.

Discussion

Our study has the advantage of comparing younger vs older,
COVID-19-naive vs COVID-19-experienced subjects, and
subjects with comorbidity burden with healthier subjects. The
main biases are the relatively small population size, the retro-
spective nature of the analysis, the lack of virus neutralization
or plaque reduction assays and the lack of cellular immunity

analyses. Another bias, intrinsic to the field, is that IgG testing
methods widely differ and there is little in the literature being
performed with our test. Several studies have investigated the
levels of concordance between different methods, converted in
the WHO international standard unit, BAU and against plaque
reduction and microneutralization tests in vaccinated non
exposed health workers before and after vaccination.'>"’
Comparing our study with the only one that we found using
our same method (but with the mRNA-123 vaccine) we found
more optimistic data in such study, however it should be
pointed out that it concerns only younger health care workers.
The different decay slope between COVID-19 naive and
COVID-19 experienced subjects is confirmed but there is no
analysis between baseline IgG producers and non-producers.'*
A smaller study by Gimenez et al. on nursing home residents
vaccinated with theBNT162b2 vaccine but analyzed with
another method that cannot be translated into BAU showed
an almost double decay rate compared to ours."” The literature
concerning company-driven follow-up of the main m-RNA
vaccines shows retained activity of the mRNA-1273 vaccine,
as spike-binding ability, ACE-2 competition and pseudovirus
and neutralization activity against wild-type virus and alpha,
iota, gamma, and delta variants after 6 months, a longer dur-
ability compared to ours.'” Data from the follow-up of the
C4591001 Clinical Trial Group original cohort'® reported clin-
ical efficacy declining from 96.2% 2 months after the second
dose to 83.7% at month 6, without serologic analysis. Interim
results presented on Lancet Infectious Diseases from a phase 2,
double-blind, randomized, placebo-controlled trial of
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CoronaVac show that the best timing for the booster dose, to
elicit a robust increase in neutralizing antibodies is 6 rather
than 2 months after the second dose.'” Our study revealed
interesting findings: the second vaccine dose in the
COVID-19 experienced group did not impact on the antibody
decline rate, but in the COVID-19 experienced subgroup that
had no baseline antibody production it increased the response
by approximately 50%. This subgroup showed a three-fold
higher antibody production as compared to COVID-19 naive
subjects. Assessing anti-spike IgG levels may distinguish
COVID-19 experienced subjects who may benefit from
a single-dose vaccination from those who need two doses.
The antibody production at 6 months remained well above
the threshold of neutralization activity in 59% of COVID-19
naive subjects and in 99% of COVID-19 experienced subjects.
Our prediction of the median duration of IgG protective levels
assumes linear decay, while more recently Levin et al. showed
that after the first 3 months neutralizing response decays more
slowly."® In general, studies of neutralizing antibody decay
after COVID-19 vaccination are relatively small in size, are
based on different methods to measure antibody serum levels,
and describe divergent kinetics. Kinetics in COVID-19 experi-
enced subjects, however, appears to be peculiar. Our study
warns that not all COVID-19 infected subjects are to be con-
sidered the same with respect to vaccination, given that among
asymptomatic and mild COVID-19 experienced subjects many
do not produce anti-S antibodies."® Also, cellular immunity
may play a crucial role in enabling also patients with low-level
antibody production to respond in case of exposure to the
virus. Indeed, research is moving toward the assessment of
plasma cell-mediated immunity, which may sustain antibody
production over time although conclusion cannot be driven
yet.6
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