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Abstract
Background SARS-CoV-2 vaccines are an invaluable resource against COVID-19. Current vaccine shortage makes it ~ EBioMedicine 2021;73:

necessary to prioritize distribution to the most appropriate segments of the population. 103656
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Methods This is a prospective cohort study of 63 health care workers (HCWs) from a General Hospital. We com- ’
ebiom.2021.103656

pared antibody responses to two doses of BNT162b2 mRNA COVID-19 vaccine between HCWs with previous
SARS-CoV-2 infection (experienced HCWs) and HCWs without previous infection (najve HCWs).

Findings Seven days after the first vaccine dose, HCWs with previous infection experienced a 126-fold increase in
antibody levels (p<o-oo1). However, in the HCW najve group, response was much lower and only five showed posi-
tive antibody levels (>50 AU). After the second dose, no significant increase in antibody levels was found in experi-
enced HCWs, whereas in najve HCWs, levels increased by 16-fold (p<o-oo1). Approximately two months post-
vaccination, antibody levels were much lower in najve HCWs compared to experienced HCWs (p<o-0o01).

Interpretation The study shows that at least ten months post-COVID-19 infection, the immune system is still capa-
ble of producing a rapid and powerful secondary antibody response following one single vaccine dose. Additionally,
we found no further improvement in antibody response to the second dose in COVID-19 experienced HCWs. None-
theless, two months later, antibody levels were still higher for experienced HCWs. These data suggest that immune
memory persists in recovered individuals; therefore, the second dose of the COVID-19 vaccine in this group could
be postponed until immunization of the remaining population is complete.

Copyright © 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction efficacy study excluded participants with a prior clinical

The COVID-19 mRNA vaccine BNT162b2 has shown  or microbiological diagnosis of COVID-19 disease [1].

up to 95% protection against the disease, although the =~ Current recommendations, however, include individu-
als recovered from COVID-19 as candidates for vaccina-

tion, despite the low rate of reinfection in these
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Research in context

Evidence before this study

Vaccines developed against COVID-19 have provided
great public health benefits by protecting the global
population from deadly SARS-CoV-2. Most countries
have prioritized vaccine distribution to the most suscep-
tible subgroups of the population. However, given the
shortage of vaccine supplies, a more accurate vaccine
prioritization is urgently required to achieve the highest
healthcare benefits. Current vaccine administration pro-
tocols are based on results from clinical trials of individ-
uals  without previous COVID-19 infection.
Recommendations, however, include individuals recov-
ered from COVID-19 as candidates for vaccination,
despite the low rate of reinfection in these individuals
shown in cohort studies.

Added value of this study

In our study, we compared antibody responses to two
doses of BNT162b2 mRNA COVID-19 vaccine between
health care workers HCWs with SARS-CoV-2 infection
before vaccination (experienced HCWs) and HCWs with-
out previous infection (naive HCWs). We report that ten
months after diagnosis of COVID-19, experienced HCWs
still showed an early and intense antibody response to
the first dose of the vaccine. This was true even for
those COVID-19 recovered individuals who were nega-
tive for anti-SARS-CoV-2 antibodies prior to vaccination.
A second dose did not further improve the antibody
response in COVID-19 recovered individuals. In contrast,
naive HCWs needed the second dose to reach their
peak anti-SARS-CoV-2 antibody levels, but their levels
were still lower than peak levels from experienced
HCWSs. Moreover, the anti-SARS-CoV-2 antibody levels
two months after the end of the vaccination protocol
remained higher in experienced HCWs vs. naive HCWs.

Implications of all the available evidence

Our study confirms previous data regarding the anti-
body response from COVID-19 recovered individuals fol-
lowing vaccination and provides new and stronger
evidence suggesting that immune memory persists
over a long time in the recovered population. Therefore,
we recommend a change in vaccination policy: the sec-
ond dose of the COVID-19 vaccine in recovered individ-
uals can be postponed until immunization of the rest of
the population is complete.

infection should not be a priority group to receive the
vaccine, or, alternatively, it would be sufficient for them
to receive one single dose. To achieve this objective, we
measured serum anti-SARS-CoV-2 antibody levels as a
marker of immune response and compared antibody
levels in HCWs with and without a history of COVID-19
infection. Samples were taken every seven days for three
weeks, after the first and second doses of the BNT162b2

vaccine to monitor the immediate and delayed reaction
to vaccine administration. Two months following the
second dose of the vaccine, serum samples were
obtained again to assess the persistence of anti-SARS-
CoV-2 antibody levels.

2. Methods

The Albacete General Hospital (CHUA) is a 675-bed
hospital located in southeastern Spain, employing 3096
people. In January 2021, the BNT162b2 vaccine was
offered to all of them without any prior exclusion and
more than 9o% of the personnel received the vaccine
according to the standard protocol established by the
manufacturer (Pfizer). In this observational prospective
longitudinal cohort study, 66 health-care workers
(HCWSs) from the CHUA volunteered to measure their
antibody levels before the onset of vaccination and after
each of the two doses. The study was approved by the
local Clinical Ethics Committee (Internal code: 2021-12
EOm). Informed consent was obtained from all volun-
teers before sampling. Participants were classified into
two groups: “experienced”, which included those previ-
ously infected with SARS-CoV-2, and “najve”, consist-
ing of individuals without previous SARS-CoV-2
infection. The date of diagnosis is that of the first posi-
tive PCR or the approximate date on which they pre-
sented any symptoms compatible with covid-19 prior to
the detection of anti-SARS-CoV-2 IgG. None of the indi-
viduals in the “najve” group had clinical or laboratory
data suggestive of previous infection. Both groups of
participants received the messenger RNA vaccine
BNT162b2 (Pfizer—BioNTech).

Total IgG antibody levels (including neutralizing
antibodies) against the S1 subunit of the SARS-CoV2
virus spike protein that binds to the receptor binding
domain (RBD) were measured using the SARS-CoV-2
IgG II Quant immunoassay in the ARCHITECT i- Sys-
tem (Abbott, Abbott Park, US). The analytical measure-
ment range is from 21-0 to 80,000 AU / mL and we
used the manufacturer’s recommended cutoff point of
50 AU/mL for determining positivity. To convert AU/
ml into international standard WHO units the conver-
sion factor is 1/7 [5].

To evaluate the kinetics of the immune response,
antibody levels were measured at seven time points: a)
one day before or following dose one, and at 7, 14 and
21 days following dose one, and b) at 77, 14, and 21 days
following dose two. Moreover, to evaluate the persis-
tence of the antibody response, anti-SARS-CoV-2 anti-
bodies were measured again eight to ten weeks after the
second dose of the vaccine.

Total anti- SARS-CoV-2 spike RBD region IgG anti-
body levels were reported using geometric mean con-
centrations (GMC) with 95% confidence intervals (95%
CI). Differences in the total IgG levels between the
COVID-19 experienced and najve groups were
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Experienced-Covid-19

Naive-Covid-19 Univariate test ***

Number 33 30

Age in years (Mean = SD*;Range*¥) 50.1+12.6 (25-67) 41.24+15.2 (25-63) p=0,019
Gender [number of females (% of females)] 21 (67%) 21 (70%) p=0.79
Days between 1st and 2nd dose (Mean + SD¥; Range*¥) 233 +3.7(21-28) 224 +£1.2(21-27) p=0.21
Days between Covid-19 diagnosis and vaccine (Median; Range) 303 (131-338) N/A

*SD: Standard Desviation.

** Range: lowest and highest values.
*%% Student t test, Chi-Squared test.
N/A: not applicable.

Table 1: Demographic characteristics of the participants in the study.

evaluated using the two-tailed Mann-Whitney U-test.
Within group differences in total IgG levels obtained at
the different time points were assessed employing the
two-tailed Wilcoxon Sign test. The a-level of significance
was set at o0.05. Demographic characteristics were
expressed as median and range (minimum — maxi-
mum values). Additionally, a Multiple Linear Regres-
sion Analysis (IBM SPSS Statistics 20) for sex and age,
as well as a Pearson's Correlation analysis for pre-vac-
cine anti- SARS-CoV-2 IgG levels were performed to
explore potential confounding variables.

3. Role of funding source
This work did not receive any financial support.

4. Results

66 HCWs were tested for IgG levels at baseline, before
vaccination. Of these, three participants were excluded;
one, due to treatment with methotrexate and corticoste-
roids for autoimmune disease, and the other due to rit-
uximab treatment for lymphoma. A third participant
was excluded for presenting symptomatic COVID-19
(PCR positive) in the first week after the first dose of the
vaccine.

Demographic characteristics of the 63 remaining
participants are summarized in Table 1. 33 HCWs had
previous COVID-19, 32 of them between March and
April 2020, and the remaining one in September 2020.
Five were asymptomatic, 22 had mild symptoms and
another six experienced pneumonia, of which only one
of them required oxygen therapy and hospitalization.
The median time elapsed between COVID-19 diagnosis
and the date of the first vaccine dose was 303 days
(range 131-338): all but one of the individuals in the
COVID-19 experienced group received their first dose of
the vaccine ten months after diagnosis (Table 1). HCWs
with prior COVID-19 were older than HCWs without
prior infection. The distribution by sex was similar in
the two groups (Table 1).
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The results of anti-SARS-CoV-2 antibodies measure-
ments are represented in Fig. 1. Out of 33 HCWs with
previous COVID-19, 29 (88%) had positive (>50 AU)
anti-SARS-CoV-2 antibody levels at baseline (GMC=311
AU; 95% CI: 144-479). Seven days after receiving their
first vaccine dose, all of them, including the four sero-
negative HCWs, experienced a 126-fold increase in anti-
body levels (GMC 26955 AU; 95% CI 18785-35125; p
<o-o0o001). At day 14 post-vaccination, they showed a
small, non-significant increase in the anti-SARS-CoV-2
antibody titer (GMC 40701 AU; 95%, CI 34161-47241;
p = 0-086), with no increase observed on day 21. A posi-
tive correlation was found in the experienced HCWs
between their baseline anti-SARS-CoV-2 antibody levels
and their antibody levels following vaccination, particu-
larly two weeks after the the first dose of the vaccine
(Pearson's Correlation Coefficient = 0.518, p=0.004, see
S1, supplementary material). Regarding the HCW
“nayve” group, all of them were seronegative in the days
prior to vaccination. Seven days following the adminis-
tration of the first dose of the vaccine, only five of the
najve HCWs showed positive IgG values (> 50 AU). At
day 14, all of them presented detectable antibody values,
although the values reached were still modest (GMC
774 AU; CI: 416-1132; p<o-oo1). Their levels continued
to increase (1-6-fold) until day 21 (GMC 1233 AU; 95%
CI 865-1602; p =0-018).

With regard to the second vaccine administration,
there were no significant changes in antibody levels in
the experienced HCW group (Fig. 1). However, in the
group without previous infection another increment
was observed seven days following the second dose: a
16-fold increase in the antibody titer (GMC 20227 AU;
95% CI: 2576-25275; p<o-oo1), reflecting a classic sec-
ondary response. Also in this group, the antibody titers
remained stable until day 14 post-vaccination (GMC
20751 AU; 95% CI 16641-24861; NS), but decreased
when measured on day 21 post-vaccination
(GMC=15408 AU; 95% CI 118016-19001; p=0-030).
The antibody titers of HCWs with pre-existing immu-
nity were higher than those in the najve HCWs at all
time points following doses (p<o-o1). The greatest
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Fig. 1. Imnmunogenicity of the BNT162b2 vaccine. SARS-CoV-2

(IgG Il Quant, Abbott) peak antibody titers from 63 individuals. The

moment of administration of the two doses is marked with a triangle and the sampling times are counted from each one of them.
The time elapsed between the two vaccine administrations ranged between 21 and 28 days. Some of the individuals with pre-exist-
ing immunity had antibody titers below detection level (21 AU) or below the level established by the manufacturer (50 AU) in the

days prior to vaccination.

* The IgG values from these four individuals (orange circles) were only taken into account to analyze the effects of the first dose

of the vaccine.

difference was found on day 7 days after the first dose
(2300 fold), and it was gradually reduced to a factor of
up to 2 fold by days 14 to 21 following the second dose
(Fig. 1)

Multiple Linear Regression Analysis showed no sig-
nificant differences in antibody levels regarding sex or
age at the different time-points of sample extraction
(see S2 supplementary material). Neither were there
any differences within the group of patients with previ-
ous infection between the HCWs who were seropositive
before the vaccine and the HCWs who were already neg-
ative.

Four HCWs with previous COVID-19 did not receive
the second dose of the vaccine; however, they main-
tained anti-SARS-CoV-2 antibody levels similar to
HCWs who were treated with two doses. The data of
these 4 HCWs are represented in Fig. 1, in another color
and slightly shifted to the left. These four experienced
HCWs were not included in the statistical analysis of
the effects of the second dose compared with the first
dose.

Approximately two months (median 66 days; inter-
val 57-86) after the second dose of the vaccine, new sam-
ples were taken for antibody determination, with a
notable decrease in titers observed in all cases (Fig. 1).

The level of antibodies was much lower in patients with-
out previous infection compared with experienced
HCWs (GMC 6595 AU vs 25003 AU; p<o-oo1). In addi-
tion, we calculated the percentage of antibody level
decrease for each HCW individual in relation to their
highest titer, finding that the decrease was more pro-
nounced in the HCW najve group than in the HCW
group with previous infection (average 76-46% vs 56%;
p<0-000I).

We also compared the frequency of adverse reactions
following the first and second vaccine doses in both
groups (Fig. 2). The HCWs with previous COVID-19
showed more side effects after the first vaccine adminis-
tration than the najve group. However, after the second
dose of the vaccine there were no significant differences
between the COVID-19 —experienced and najve groups.
The vaccine was generally well tolerated and medical
attention was not required for any of the participants.

6. Discussion

Our study provides evidence for an early, stronger and
more durable immune response in COVID-19 experi-
enced HCWs vs najve HCWs following vaccination
with the BNT162b2 mRNA vaccine. An early and strong
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M naive (N=30)

M Experienced (N=33)

itching at the injection site
redness at the injection site
pain or swelling at the injection site
pain in the limb

discomfort

enlarged lymph nodes
fever

shaking chills

muscle and joint pain
headache

firedness

others

no symptom

30 2 50 60 70
Relative symptom frequency (%)

Fig. 2. Vaccine-associated side effects experienced after the first dose (N = 66 individuals). Side effects occurred more fre-
quently in people with pre-existing immunity, particularly systemic symptoms. Fever or chills were not observed among patients

without pre-existing immunity.

Univariate analysis for individual variables only revealed significant differences for “disconfort" and "shaking chills" (Fisher Exact
Test two tailed p<0.05). Chi-Squared test (2 x N) analysis showed an overall significant difference in reactivity to vaccination

between the experienced HCW and naive HCW groups (p<0.001)

response of a similar order of magnitude has been
described after the first dose of the vaccine in previous
studies in experienced individuals [3,5—14]. It is impor-
tant to note that this early and strong response was also
shown by experienced HCWs who were negative for
anti-SARS-CoV-2 antibodies prior to receiving the first
dose of the BNT162b2 vaccine. As in previous studies
[3,10—14], we found that the second dose of the vaccine
did not increase anti-SARS-CoV-2 antibody levels in
experienced individuals, contrasting with the marked
antibody increase still shown by najve individuals.
Therefore, a single dose may be sufficient for experi-
enced individuals to achieve antibody levels equal to or
higher than those obtained by the complete vaccination
schedule in individuals without previous infection.

The anti-SARS-CoV-2 antibody levels two months
after the end of the vaccination protocol were higher in
experienced HCWs vs najve HCWs. Moreover, the
decline in antibody levels with respect to peak level was
nearly two fold more pronounced in the najve HCW
group. These findings should affect the regimen of
administration for potential further doses of the vac-
cine.

One limitation of this study is employing an assay
that detects total IgG type antibodies against the S1 sub-
unit of the SARS-CoV2 virus spike protein as a surro-
gate marker of the immune response, versus
measuring neutralizing antibodies specifically. Never-
theless, several experiments have shown high levels of
correlation between assessment of the anti-RBD bind-
ing antibodies used in this study and neutralizing anti-
bodies [7,15]. Another limitation of the current study

www.thelancet.com Vol xx Month xx, 2021

was that we were not equipped to evaluate the cellular
immune response. However, a correlation between
humoral and cellular immunity after vaccination has
been recently shown by other authors [11]. Other limita-
tions were the following: single centre study, which
may limit generalisation of findings, short follow up
time, small sample size, none of the participants were
older than 67 nor belonged to racial or ethnic minori-
ties. However, previous single center studies using
small sample sizes and short follow-up time showed
similar results in antibody levels after a first dose of the
vaccine. 6—11 So far, a role for ethnicity in antibody
response to COVID-19 vaccination has not been
observed [16]. However, lower immune response to the
BNT162b2 vaccine has been shown in older people [16].
Waning antibody levels were demonstrated in this and
other recent studies employing anti-SARS-CoV-2 vac-
cines [17,18]. Longer term data collection is necessary to
properly assess this phenomenon. We are currently
gathering data at regular intervals from individuals up
to one year post- vaccination.

In conclusion, our study shows that at least ten
months following infection from SARS-CoV2, the
immune system is still capable of producing a rapid and
powerful secondary antibody response after one single
dose of the vaccine. Additionally, we found no further
improvement in antibody response to the second dose
in individuals with previous COVID-19 infection. None-
theless, two months later, anti-SARS-CoV-2 antibody
levels were still higher in the experienced HCWs. These
data suggest that immune memory persists over a long
time in recovered individuals; therefore, the second
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dose of the COVID-19 vaccine in this group could be
postponed until immunization of the remaining popu-
lation is complete. With the emergence of new SARS-
CoV-2 variants, further research will be necessary to
optimize both the characteristics of the vaccines and
vaccination schedules [13,19].
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