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Abstract

Objective: To evaluate the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) anti-spike
(S) IgG antibody production after vaccination with BNT162b2 and the protection from symptomatic
breakthrough infections in health care workers.
Methods: Thisprospectiveobservational study(RENAISSANCE)hadas aprimaryendpoint theevaluationof
serologic response toBNT162b214days after a seconddose. SARS-CoV-2anti-S IgGantibodieswere evaluated
with LIAISONSARS-CoV-2TrimericS IgG assay (DiaSorin S.p.A.),which is able to detect the presence of both
binding andneutralizing antibodies for trimeric spike glycoprotein. Participantswere recruited fromFebruary
1, 2021, to February 22, 2021. Occurrence of vaccine breakthrough infections was assessed by reverse
transcriptionepolymerase chain reaction on symptomatic and contact cases up to June 6, 2021.
Results: Of 2569 staff evaluated, only 4 were nonresponders (0.16%; 95% CI, 0.04% to 0.41%). All 4
nonresponders were severely immunosuppressed and receiving treatment with mycophenolate mofetil or
mycophenolic acid. At 14 days after the second dose, 67.5% (1733) of staff had anti-S IgG titers of 2000
BAU/mL or higher; 19.2% (494), between 1500 and 2000 BAU/mL; 9.8% (251), between 1000 and 1500
BAU/mL; and 3.4% (87), 1000 BAU/mL or lower. Women had a higher probability of having higher titers
than men (64.5% [1044/1618] vs 58.3% [410/703]; P¼.005). This was confirmed after adjustment for age
group (odds ratio, 1.275; 95% CI, 1.062 to 1.531; P¼.009). Four months after the end of the vaccination
program, only 13participants (0.26%)had experienced a breakthrough SARS-CoV-2 infection, including 1
nonresponder. This was the only participant requiring hospitalization for severe COVID-19.
Conclusion: The vaccination campaign among health care workers at the ASST GOM Niguarda has
resulted in a marked serologic response and reduction of incident COVID-19 cases. Yet, the lack of
protection should not be overlooked in immunocompromised individuals.

ª 2021 Mayo Foundation for Medical Education and Research n Mayo Clin Proc. 2021;96(12):2966-2979
O n December 21, 2020, the Euro-
pean Commission granted the
first European conditional mar-

keting authorization for the active immuni-
zation of adults older than 16 years with
the BNT162b2 vaccine (Pfizer-BioNTech).
Mayo Clin Proc. n December 2021;9
www.mayoclinicproceedings.org n
This approval was the result of an unprece-
dented effort undertaken by companies, reg-
ulatory authorities, and academia that
enabled the development of vaccines in as
short as 10 months. Soon after the approval,
vaccination campaigns for health care
6(12):2966-2979 n https://doi.org/10.1016/j.mayocp.2021.08.013
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EVALUATION OF SARS-COV-2 ANTI-SPIKE IGG ANTIBODY PRODUCTION
workers across the United States and Europe
began immediately. As of May 10, 2021, the
Centers for Disease Control and Prevention
COVID-19 vaccination tracker has counted
a total of 259,716,989 doses administered
in the United States (https://covid.cdc.gov/
covid-data-tracker/#vaccinations).

BNT162b2 is a vaccine containing a
nucleoside-modified messenger RNA
(mRNA) able to encode the full-length se-
vere acute respiratory syndrome coronavirus
2 (SARS-CoV-2) spike (S) glycoprotein,
enclosed within a lipid nanoparticle shell
with the role of protecting it from degrada-
tion and thus promoting delivery to the
target cell. In the phase 3 trial that led to
market approval, the BNT162b2 vaccine
demonstrated 95% clinical efficacy in pre-
venting COVID-19 (95% CI, 90.3 to 97.6;
>0.9999 posterior probability of true vac-
cine efficacy >30%).1

The immunogenicity of BNT162b2 had
previously been evaluated in smaller phase
1-2 trials. These demonstrated that for all
doses tested, anti-S IgG antibody produc-
tion was detectable at 21 days after the first
dose, with a boost effect from the second
dose, leading to a peak antibody response
within the next 7 days. A 50% neutraliza-
tion titer was found to peak at 7 days after
the second dose in the population between
18 and 55 years of age; but in the popula-
tion between 65 and 85 years of age, the
peak of production was reached 14 days af-
ter the second dose.2 The rapid approval of
COVID-19 vaccines, dictated by the
impending need, previously had led to a
poor representation, in clinical trials, of
variability in background and clinical and
demographic conditions of the population
to which clinical practice studies are called
to respond. BNT162b2 clinical trials sys-
tematically excluded immunosuppressed
individuals and those with a history of
autoimmune disease or an active autoim-
mune disease requiring therapeutic inter-
vention. In addition, the immunogenicity
of the BNT162b2 at the approved dose of
30 mg has been evaluated in only 12 partic-
ipants in the age group of 18 to 55 years
and 12 in the age group of 65 to 85 years.2
Mayo Clin Proc. n December 2021;96(12):2966-2979 n https://doi.o
www.mayoclinicproceedings.org
Data on large populations, more representa-
tive of the general population in individual
epidemiologic settings, are therefore ur-
gently needed.

The RENAISSANCE study is an obser-
vational study that aimed to evaluate the
serologic response to the BNT162b2
COVID-19 vaccine in the staff of the
main COVID-19 reference hospital of
Milan, Italy, at multiple time points after
a hospital-wide vaccination campaign.
Here we report the efficacy of the
BNT162b2 vaccine in promoting anti-S
antibody production and conferring protec-
tion against symptomatic and severe forms
of COVID-19 at day 14 after the second
vaccine dose in more than 2500 health
care workers.
METHODS

Study Design and Participants
RENAISSANCE is a prospective, observa-
tional, population-based study of health care
workers of ASST Grande Ospedale Metropoli-
tano Niguarda in Milan, Italy. All staff with
no history of previous laboratory-confirmed
COVID-19who completed the BNT162b2 vac-
cine schedule were eligible for inclusion.
BNT162b2 has been administered in 2 doses
of 30 mg, as described in the summary of prod-
uct characteristics.3 The primary end point of
the study was the evaluation of IgG antibodies
against S glycoprotein produced 14 days after
the second dose of BNT162b2. The secondary
end point was the evaluation of the clinical ef-
ficacyof vaccination, testifiedby theprotection
from symptomatic COVID-19. No systematic
reverse transcriptionepolymerase chain reac-
tion (RT-PCR) screening was established, but
RT-PCR was provided to all symptomatic par-
ticipants and to thosewho reported direct con-
tact to COVID-19 cases. Anti-nucleocapsid
(N) total Ig seropositivity at day 14 after the
second vaccine dose was used to discriminate
staffwhohadahistoryofunrecognized contact
with SARS-CoV-2.

During the clinical visit at the recruitment
appointment, each participant received a self-
administered, standardized questionnaire
rg/10.1016/j.mayocp.2021.08.013 2967
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4008 staff
approached by

research team for
informed
consent

2613 (65.2%)
consented

14 days after
second dose

2569 (98.3%)
serum withdrawal

44 (1.7%) did not
respect appointment

for withdrawal

2569 in final
analysis

5023 staff received the first
dose of BNT162b2 COVID-19

vaccine

4879 staff (97.7%) received
the second dose of BNT162b2

COVID-19 vaccine

144 (2.9%) did not receive the second dose
• N=45 RT-PCR positive after first dose
• N=99 personal decision (N=23 with history
   of COVID-19).

871 (17.8%) not eligible for the study
• N=862 personal history of COVID-19
• N=9 RT-PCR positive after first dose

1395 (34.8%)
declined

Screening
failure recorded

21 days after
first dose

FIGURE 1. Flowchart for staff recruitment and enrollment. COVID-19, coronavirus disease 2019;
RT-PCR, real-time reverse transcriptionepolymerase chain reaction.
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covering major chronic health conditions, soci-
odemographic characteristics, occupational his-
tories, and, for women, reproductive history to
be compiled on a volunteer basis. A survey for
the self-report of adverse eventswas also admin-
istered at the time of enrollment.

The study was approved by the local
ethics committee Milano Area 3, by the na-
tional ethics committees for COVID-19
studies Lazzaro SpallanzanieIRCCS, and by
the Italian Medicines Agency (AIFA). All par-
ticipants provided signed informed consent.
Mayo Clin Proc. n December 2021;9
Procedures
All eligible hospital staff were invited to
participate in the study by email, which pro-
vided the indication for an appointment for a
visit. Two samples of 3 mL of peripheral
venous blood were taken from each partici-
pant. Blood samples were stored at room
temperature for 2 to 4 hours on collection
and then centrifuged to separate plasma
that was conserved at þ4�C until processing,
which occurred within 1 to 5 days. The full
study protocol is available online (in Italian).
6(12):2966-2979 n https://doi.org/10.1016/j.mayocp.2021.08.013
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TABLE 1. Demographic and Baseline Clinical Characteristics and Job Titles of Staff Who Participated in Serologic Screening After
Completing BNT162b2 COVID-19 Vaccinationa,b

Study
population, all

SARS-CoV-2 anti-nucleocapsid serostatus
at enrollment

P value
Anti-N total
Ig negative

Anti-N total
Ig positive

Overall 2569 2406 163

Sex

Female 1789 (69.6) 1680 (69.8) 109 (66.9) .427
Male 780 (30.4) 726 (30.2) 54 (33.1)

Age (y) 48 (36-56) 48 (36-56) 47 (36-56) .547

Age group

19-30 years 301 (11.7) 277 (11.5) 24 (14.7) .444
31-55 years 1481 (57.6) 1392 (57.9) 89 (54.6)
>55 years 787 (30.6) 737 (30.6) 50 (30.7)

Residency in Milan 1774 (74.9) 1653 (74.6) 121 (79.1) .139

Job title

Nurse staff 832 (32.4) 769 (32.0) 63 (38.7)
Medical staff 608 (23.7) 569 (23.6) 39 (23.9)
Other sanitary staff 467 (18.2) 437 (18.2) 30 (18.4)
Administrative staff 353 (13.7) 337 (14) 16 (9.8)
Laboratory staff 167 (6.5) 154 (6.4) 13 (8.0)
Non-sanitary staff 87 (3.4) 85 (3.5) 2 (1.2)
Pharmacy and physics staff 55 (2.1) 55 (2.3) 0 (0.0)

Participated in survey 1886 1771 115

Body mass index (kg/m2) 23 (21-27) 23 (21-27) 23 (21-26) .895

Body mass index range

�18.49 kg/m2 83 (4.6) 80 (4.7) 3 (2.7) .541
18.5-24.99 kg/m2 1095 (60.5) 1024 (60.4) 71 (62.8)
25-29.99 kg/m2 436 (24.1) 406 (23.9) 30 (26.6)
30-34.99 kg/m2 144 (8.0) 136 (8.0) 8 (7.1)
�35 kg/m2 51 (2.8) 50 (3.0) 1 (0.9)

Female population

Currently breastfeeding 19 (1.5) 18 (1.6) 1 (1.4) .999
Combined oral contraceptive use 55 (4.3) 50 (4.1) 5 (6.9) .23

Selected drug use

Oral corticosteroids 11 (0.6) 11 (0.6) 0 (0.0) .999
ACEi 117 (6.2) 113 (6.4) 4 (3.5) .217

Comorbiditiesc

At least 1 reported 428 (22.7) 402 (22.7) 26 (22.6) .982
Cardiovascular disease 204 (10.8) 190 (10.7) 14 (12.2) .627
Hypertension 155 (8.2) 145 (8.2) 10 (8.7) .845
Endocrine disease (thyroid or ovary) 103 (5.5) 98 (5.5) 5 (4.3) .588
Autoimmune disease 68 (3.6) 66 (3.7) 2 (1.7) .268
Respiratory disease 60 (3.2) 54 (3.0) 6 (5.2) .199
Diabetes 30 (1.6) 29 (1.6) 1 (0.9) .999
Hypercholesterolemia 30 (1.6) 29 (1.6) 1 (0.9) .999
Allergies 30 (1.6) 29 (1.6) 1 (0.9) .999
Immunosuppression 27 (1.4) 27 (1.5) 0 (0.0) .406

Continued on next page
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TABLE 1. Continued

Study
population, all

SARS-CoV-2 anti-nucleocapsid serostatus
at enrollment

P value
Anti-N total
Ig negative

Anti-N total
Ig positive

Comorbiditiesc, continued
Arrhythmia 23 (1.2) 20 (1.1) 3 (2.6) .161
Multiple sclerosis 6 (0.3) 5 (0.3) 1 (0.9) .314
Coinfection with HIV 6 (0.3) 6 (0.3) 0 (0.0) .999
Coinfection with hepatitis B virus 4 (0.2) 4 (0.2) 0 (0.0) .999

aACEi, angiotensin-converting enzyme inhibitor; HIV, human immunodeficiency virus; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
bCategorical variables are presented as number (percentage). Continuous variables are presented as median (interquartile range). Fisher exact test and c2 test were used to
compare all variables except body mass index, compared by Mann-Whitney test.
cData on comorbidities are for 1886 participants.

MAYO CLINIC PROCEEDINGS

2970
Laboratory Methods
SARS-CoV-2 anti-S IgG antibody production
was evaluated by the LIAISON SARS-CoV-2
TrimericS IgG assay (DiaSorin S.p.A.), a
second-generation standardized, automated
chemiluminescent assay able to detect the
presence of antibodies for trimeric S glyco-
protein, including those directed against
the receptor-binding domain. The DiaSorin
test is quantitative, with optimal sensitivity
and specificity for IgG detection within the
time interval useful for the study (98.7%
and 99.5%, respectively), and consistently
correlated with neutralizing activity.4 Results
are provided as binding antibody units
(BAU) per milliliter.4 According to the man-
ufacturer’s indications, values below 33.8
BAU/mL were reported as negative.

Total Anti-N Ig antibody production was
assessed by an electrochemiluminescence
immunoassay5 (Elecsys antieSARS-CoV-2
assay; Roche Diagnostics). According to the
manufacturer’s instructions, a signal/cutoff ra-
tio of 1.0 or greater was interpreted as reactive.
The test is reported to have a clinical specificity
of 99.80% (95% CI, 99.69% to 99.88%) and a
sensitivity of 99.5% (95% CI, 97.0% to 100%)
in the time range useful for the study.

SARS-CoV-2 RNA detection by real-time
RT-PCR on nasopharyngeal swabs was per-
formed with 1 of the following assays, by
random choice: GeneFinder COVID-19 Plus
RealAmp Kit (OSANG Healthcare) on an
InGenius instrument (ELITech Group);
Mayo Clin Proc. n December 2021;9
AllplexTM 2019-nCoV Assay (Seegene Inc)
on a Nimbus instrument (Hamilton); and
Xpert Xpress SARS-CoV-2 (Cepheid) on the
GeneXpert Instrument System (Cepheid).

Assessment of SARS-CoV-2 spike vari-
ants in post-vaccine RT-PCRepositive sam-
ples was performed by multiplex real-time
PCR (Allplex SARS-CoV-2 Variants Assay;
Arrow Diagnostics S.R.L.) and confirmed
by next-generation sequencing of the full S
gene (Illumina).

Statistical Analyses
Categorical variables were summarized as
number and percentage. Age and body
mass index were summarized as median
and interquartile range (IQR). The propor-
tion of staff who developed an antibody
response at day 14 after receiving the second
vaccine dose and its 95% CI were calculated
by the exact Clopper-Pearson method. The
association between SARS-CoV-2 antibody
response and demographic and clinical char-
acteristics was evaluated by the c2 or Fisher
exact test (categorical variables) and Mann-
Whitney test (quantitative variables). All
tests were 2 sided with an a level of .05.

A multivariable logistic regression on ti-
ters above 2000 BAU/mL (yes/no) was
implemented, considering age group and
sex as independent variables. The adjusted
odds ratio and its 95% CI were reported.
Stata 16.1 (StataCorp LLC) was used for all
analyses.
6(12):2966-2979 n https://doi.org/10.1016/j.mayocp.2021.08.013
www.mayoclinicproceedings.org
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RESULTS

Study Population
Figure 1 details the study flowchart; 5023
staff received the first dose of BNT162b2
COVID-19 vaccine, and 4879 (97.7%)
received the second dose. The reason for
not completing the vaccination protocol
was COVID-19 diagnosis in 45 of 144 cases
(31.3%), whereas it remained undetermined
for the others. We sent emails to 4008
eligible staff and invited them to participate
in the 14-day screening; 2613 (65.2%)
accepted the invitation and between
February 1, 2021, and March 1, 2021, pre-
sented themselves to the study visit. There
were 44 participants (1.7%) who showed
up more than 7 days late for their scheduled
appointment and were therefore excluded
from the analysis. The final study population
thus consisted of 2569 staff.

Anti-N antibody screening revealed an
anti-N seroprevalence of 6.3% (95% CI, 5.4%
to 7.4%) as 163 participants with no previous
history of laboratory-confirmed COVID-19
were found to be anti-N Ig positive, suggesting
a history of unrecognized contact with SARS-
CoV-2. Table 1 describes the demographic
characteristics and job titles of the total popu-
lation and subpopulations of staff who were
anti-N positive and negative. Overall, the me-
dian (IQR) age was 48 (36-56) years, and 787
(30.6%) were 55 years of age or older. Female
sex accounted for 69.6% of the population
(n¼1789); median (IQR) body mass index
was 23 kg/m2 (21-27 kg/m2). Most of the staff
who joined the study were nurses (32.4%;
n¼832) and medical doctors (23.7%; n¼608).
Anti-S and Neutralizing IgG Response at
Day 14 after Second Vaccine Dose
Of 2569 staff tested, only 4 were anti-S anti-
body negative (0.16% prevalence; 95% CI,
0.04% to 0.40%) and thus were classified as
nonresponders. All of them were anti-N
IgG negative, immunocompromised, and
receiving mycophenolate (Table 2).

A minority of vaccinated participants
(87/2569 [3.4%]) had detectable anti-S IgG
but 1000 BAU/mL or less, whereas 67.5%
Mayo Clin Proc. n December 2021;96(12):2966-2979 n https://doi.o
www.mayoclinicproceedings.org
(1733/2569) had titers of 2000 BAU/mL or
more. In addition, 9.8% (251/2569) had
anti-S IgG titers between 1000 and 1500
BAU/mL, and 19.2% (494/2569) had titers be-
tween 1500 and 2000 BAU/mL. As reported in
Figure 2A, the distribution of anti-S IgG titers
was correlatedwith the history of contactwith
SARS-CoV-2, favoring anti-Nepositive par-
ticipants over anti-Nenegative participants
in development of higher values. Indeed, the
proportion of participants with 2000 BAU/
mL or more in anti-Nepositive staff signifi-
cantly outnumbered that of anti-Nenegative
staff (89.0% [145/163] vs 66.0% [1588/
2406], respectively; P<.001).

In anti-Nenegative staff, sex and age
were 2 determinant characteristics for anti-
S IgG response (Figure 2B). Women had a
significantly higher probability than men of
having anti-S IgG titer of 2000 BAU/mL or
higher (67.7% [1137/1680] vs 62.1% [451/
726]; P¼.008). In addition, anti-S titers
were 2000 BAU/mL or higher in the 82.3%
of staff aged 19 to 30 years (228/277) vs
66.5% in staff aged 30 to 50 years (926/
1392) and 58.9% in staff aged 55 years and
older (434/737; P<.001). Multivariable anal-
ysis confirmed the association of sex and
anti-S IgG titers of 2000 BAU/mL and higher,
even after adjustment for age group (odds ra-
tio, 1.248; 95% CI, 1.039 to 1.499; P¼.02;
Supplemental Figure, available online at
http://www.mayoclinicproceedings.org).
Factors Affecting Anti-S and Neutralizing
IgG Response
A subgroup of 1886 staff volunteered to
complete a survey on concurrent comorbid-
ities, and 22.7% (428/1886) declared them-
selves to be affected by at least 1 disease
(Supplemental Table 1, available online at
http://www.mayoclinicproceedings.org).
The most frequently reported were cardio-
vascular diseases (10.8% [204/1886]) and
endocrine system diseases (5.5% [103/
1886]). Of these 1886 participants, 3.6%
(68) declared an autoimmune disease,
whereas 1.4% (27) were immunosuppressed.

The concomitant immunosuppression at
the time of vaccination was significantly
rg/10.1016/j.mayocp.2021.08.013 2971
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TABLE 2. Clinical Characteristics of Staff in Whom BNT162b2 Vaccination Failed to Elicit an Anti-Spike Antibody Response

Nonresponder 1 Nonresponder 2 Nonresponder 3 Nonresponder 4

Sex Female Female Male Female

Age (y) 56 37 58 37

Underlying chronic disease
or clinical condition

Renal transplant Myasthenia gravis Cardiac transplant Systemic lupus
erythematosus

Immunosuppressive
therapy, current

Cyclosporine 150 mg
daily, mycophenolate
mofetil 1440 mg daily

Prednisone 20 mg daily,
mycophenolate mofetil
1500 mg daily,
intravenous
immunoglobulins 60 g
monthly

Cyclosporine,
mycophenolate mofetila

Prednisone 12.5 mg daily,
mycophenolic acid 1440
mg daily, colchicine 0.5
mg daily

Leukocyte count
(109 cells/L) at screening

9.51 6.37 9.85

Lymphocyte count
(109 cells/L) at screening

2.81 1.9 1.16

aAdditional information regarding drug dose, leukocyte count, and lymphocyte count were not available.
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associated with a different distribution of
anti-S IgG titers (Supplemental Table 2, avail-
able online at http://www.
mayoclinicproceedings.org). Of the 27 partic-
ipants who reported being immunosup-
pressed, 4 (14.8%) did not develop anti-S
IgG, 4 (14.8%) had a titer below 1000 BAU/
mL, 1 (3.7%) had a titer between 1000 and
1500 BAU/mL, 8 (29.6%) had a titer between
1500 and 2000 BAU/mL, and only 10 (37.0%)
had a titer greater than 2000 BAU/mL
(P<.001). Notably, mycophenolate consump-
tion at the time of vaccination was declared
exclusively by the 4 nonresponders.

We found no significant differences in
the distribution of anti-S IgG titers according
to the concomitant clinical conditions when
autoimmune diseases, cardiovascular dis-
eases, hypertension, arrhythmias, hypercho-
lesterolemia, respiratory diseases, allergies,
multiple sclerosis, endocrine diseases, dia-
betes, human immunodeficiency virus sero-
positivity, and hepatitis B virus infection
were taken into account.

Clinical Efficacy of COVID-19 Vaccine in
Preventing SARS-CoV-2 Infection
The pandemic epidemiologic context at
ASST GOM Niguarda from February 27,
2020 (start of clinical and diagnostic activity
Mayo Clin Proc. n December 2021;9
against SARS-CoV-2 infection), until June 6,
2021, is shown in Figure 3. On March 5,
2020, the first case of a health care worker
infected with SARS-CoV-2 was diagnosed
with RT-PCR, and from that day onward,
the incidence of COVID-19 among staff fol-
lowed the trend of the epidemic waves in
the general population. The vaccination pro-
gram was started on December 29, 2020,
when the staff was battling against the sec-
ond pandemic wave and the rate of new
daily RT-PCR positive responses diagnosed
at our hospital was steadily above 20%.
Vaccination of staff ended on February 2,
2021, just a few days before the beginning
of a third epidemic wave, characterized by
the spread of new viral variants. Yet, notably,
for the first time since the start of the
pandemic, the curve of infections among
staff did not mirror that of the general pop-
ulation but deviated sharply from it. Indeed,
up to June 6, 2021, only 13 of the total 5023
participants vaccinated (0.26%) had a
laboratory-confirmed SARS-CoV-2 infection,
testified by 2 consecutive positive RT-PCR
responses or 1 positive RT-PCR response
plus anti-N seroconversion after 14-day
screening. Infections occurred a median
(IQR) of 62 (54-75) days after the second
vaccine dose (Supplemental Table 2). The
6(12):2966-2979 n https://doi.org/10.1016/j.mayocp.2021.08.013
www.mayoclinicproceedings.org
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nasopharyngeal SARS-CoV-2 genomic RNA
load ranged from 1195 to more than 107

copies/mL, as assessed through Droplet Dig-
ital PCR (Bio-Rad).6

Notably, the only individual who devel-
oped a symptomatic, moderate to severe infec-
tion requiring hospitalization was 1 of the 4
nonresponders enrolled in our study. Among
the 7 infectedparticipants enrolled in the study
whodevelopedapositive anti-S IgG titer, 2 par-
ticipants had titers between 1000 and 1500
BAU/mL, 2 had titers between 1500 and 2000
BAU/mL, and 3 had titers above 2000 BAU/
mL. Despite the small numbers, the distribu-
tion of anti-S titers at 14 days was significantly
different between those who later became
infected with SARS-CoV-2 and the rest of the
Mayo Clin Proc. n December 2021;96(12):2966-2979 n https://doi.o
www.mayoclinicproceedings.org
population (P¼.008 by Fisher exact test;
Figure 2B), mainly because of the overrepre-
sentation of anti-S negatives and, as expected,
a lower presence of participants with anti-S
IgG titers above 2000 BAU/mL.

Adverse Effects
Overall, 1924 enrolled participants
completed the survey for the self-report of
adverse events associated with the first
dose of BNT162b2 vaccine; 1881 partici-
pants completed the survey relating to the
second dose (Table 3). A higher percentage
of female participants experienced at least 1
adverse effect of both the first dose (male
participants, 107/566 [18.9%]; female partic-
ipants, 442/1340 [32.99%]) and the second
rg/10.1016/j.mayocp.2021.08.013 2973
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dose (male participants, 217/510 [42.55%];
female participants, 739/1173 [32.99%]).
The difference was statistically significant
(P<.001).

DISCUSSION
Fourteen days after the second dose of
BNT162b2 vaccine, 99.8% (2565/2569) of the
staff of the largest COVID-19 reference hospi-
tal in Milan, Italy, had developed an IgG
response against the trimeric (native) form of
the SARS-CoV-2 spike protein. This immuno-
logic response adequately protected the hospi-
tal staff from the resurgence of COVID-19
epidemics in Milan that caused a third
Mayo Clin Proc. n December 2021;9
epidemic wave in February-April 2021. As of
June 6, 2021, 4months after the end of the staff
vaccination program, only 13 participants
had a laboratory-confirmed diagnosis of break-
through SARS-CoV-2 infection, 0.26% of the
overall 2569 fully vaccinated. Even though
the breakthrough infections were generally
sustained by nasopharyngeal SARS-CoV-2
load ofmore than 10,000 copies/mL, only 1 pa-
tient required hospitalization, with 99.9%
BNT162b2 vaccine efficacy in protection
from moderate to severe COVID-19.

Our results are in agreement with
emerging data from other health care set-
tings that documented a consistent
6(12):2966-2979 n https://doi.org/10.1016/j.mayocp.2021.08.013
www.mayoclinicproceedings.org
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immunologic response to BNT162b2 vacci-
nation7-9 and rare occurrence of vaccine
breakthrough infections.10-15 Indeed,
similar-sized studies in Israel, Spain, and
California reported only sporadic cases of
asymptomatic or paucisymptomatic break-
through infections among fully vaccinated
individuals tested more than 14 days after a
second dose of an mRNA vaccine.12,14,15

During vaccine rollout and follow-up,
Milan has witnessed an alarming increase
in viral variants. The B.1.1.7 has been the
dominant variant of concern (VOC)16 circu-
lating in the Lombardy region since
February 2021 (when our study was initi-
ated) and progressively increased in preva-
lence from 64% to 89.1% in May 18, 2021
(last epidemiologic update available).17 The
second most prevalent VOC in Lombardy
is B.1.617 (Indian variant), with 2.5% preva-
lence, followed by P.1 (Brazilian variant), at
2.1% prevalence. Cases of infection with
B.1.351 lineage (South African variant) are
still limited (0.8% prevalence).17 This epide-
miologic scenario is compatible with our low
breakthrough infection rate as the estimated
effectiveness of BNT162b2 vaccine against
the B.1.1.7 VOC is 89.5% at 14 days or
more after the second dose.18 In vitro data
support the preservation of neutralizing ac-
tivity by antibodies developed with
BNT162b2 vaccine against B.1.1.719,20 while
pointing toward a possible reduction of
effectiveness against B.1.351 (South Afri-
can)20,21 and P.1 (Brazilian)22 VOCs. Reas-
suringly, emerging data on the new B.1.617
VOC suggest that the reduction of
BNT162b2 efficacy is likely to be
modest.23,24 While assessment of viral line-
ages in our vaccine breakthrough infection
is ongoing, careful surveillance is manda-
tory, especially in light of the reduced
neutralizing activity of emerging VOCs.

The few cases of breakthrough infections
we registered were “enriched” by patients
with lower anti-S IgG titers at 14-day
follow-up, including 1 of the 4 nonre-
sponders. This was the only patient
requiring hospital admission for severe
pneumonia. Although we still lack solid
data to define an antibody titer “fully
Mayo Clin Proc. n December 2021;96(12):2966-2979 n https://doi.o
www.mayoclinicproceedings.org
protective” because of heterogeneity and
continuous evolution of the commercial
assay, all 4 participants who did not respond
to vaccination share an important immuno-
suppression, a condition that was associated
with lower response rates to BNT162b2
vaccination in our study. Immunosup-
pressed or immunocompromised individuals
have been excluded for protocol from all tri-
als on COVID-19 vaccine approved to
date1,25-27 excluding Ad26.COV2.S
(NCT04505722). Despite this lack of evi-
dence and because of the high-risk profile,
this population has been included in the
vaccination plans of every country.

Notably, all 4 nonresponders were
receiving high doses of immunosuppressive
drugs, including mycophenolate mofetil.
Mycophenolate mofetil, a mycophenolic
acid (MPA) prodrug, depletes guanosine nu-
cleotides through the inhibition of inosine-
50-monophosphate dehydrogenase
(IMPDH), acting preferentially on T and B
lymphocytes.1 IMPDH is the rate-limiting
enzyme in the de novo synthesis of guano-
sine nucleotides, and T and B lymphocytes
depend on this pathway more than other
cell types do. Mycophenolic acid is also a
more potent inhibitor of the type II isoform
of IMPDH, which is expressed in activated
lymphocytes, than of the type I isoform of
IMPDH, which is expressed in most other
cell types.2 Therefore, MPA exerts a more
potent cytostatic effect on lymphocytes
than on other cell types. This is the main
mechanism by which MPA suppresses the
cell-mediated immune response and anti-
body formation. However, 2 patients were
also receiving prednisone and 2 patients
cyclosporine,28 which cause T-cell prolifera-
tion inhibition and decrease in the total
T-cell number.29 Boyarsky et al30 reported
the evidence of low response after a single
dose of SARS-CoV-2 mRNA vaccine in solid
organ transplant patients. Our cohort of
vaccinated participants included 2 transplant
patients. Neither responded to vaccination
after both doses.

Of note, Boyarsky et al30 reported a lower
probability for development of a response to
vaccination in patients receiving
rg/10.1016/j.mayocp.2021.08.013 2975
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TABLE 3. Self-Reported Adverse Effects Associated With First and Second Doses of BNT162b2 Vaccine

First dose Second dose

Overall 1924 1881

Participants who had at least 1 adverse effect 549 (28.80) 956 (54.60)

Serious adverse effect 2 (0.12) 4 (0.48)

Participants who needed to take medication for
vaccine adverse effect

153 (8.22) 563 (53.72)

Pain in injection site 1107 (57.54) 1232 (69.84)

Fatigue 371 (19.28) 772 (43.94)

Malaise 204 (10.60) 523 (30,09)

Headache 281 (14.60) 585 (33.58)

Joint pain 207 (10.76) 535 (30.55)

Muscle pain 381 (19.80) 706 (40.30)

Chills and tremors 151 (7.85) 439 (25.22)

Fever 33 (1.72) 271 (15.59)

Diarrhea 40 (2.08) 107 (6.69)

Nausea 65 (3.38) 183 (10.53)

Vomiting 7 (0.36) 29 (1.67)

Abdominal pain 39 (2.03) 116 (6.69)

Lymph node swelling 61 (3.17) 190 (10.94)

Insomnia 87 (4.52) 184 (10.55)

Values are reported as number (percentage).
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antimetabolite immunosuppressive drugs.
This reminds us that the population of
immunocompromised patients, which also
includes patients with autoimmune diseases
receiving immunosuppressive drugs, needs
special attention. Collecting data on whether
immunosuppressive therapies may or may
not have an impact on the response to
SARS-CoV-2 vaccines is of vital importance
as this is the only way to evaluate whether
there is a clinical necessity to establish proto-
cols for the suspension (when possible) of
immunosuppressive therapies close to vacci-
nation. Waiting for further data, it appears
extremely clear that immunocompromised
or immunosuppressed patients should be
monitored by assessing the anti-S IgG anti-
body titer after vaccination.

Age and sex also contributed to the
immunologic response to vaccination in
our study, consistent with previous litera-
ture31,32 and clinical trials.1 Individuals older
than 55 years were less frequently able to
develop antibody titers above 2000 BAU/
Mayo Clin Proc. n December 2021;9
mL compared with the younger population,
even though only 5.2% of them had anti-S
IgG titers below 1000 BAU/mL. In addition,
regardless of age, we observed a significantly
higher probability for women than for men
to have the highest anti-trimeric S IgG titer.
Although the positive influence of estrogens
on the immune response is known,33,34 no
impact of estroprogestinic therapy on the
response to vaccination has been observed.

According to the Centers for Disease
Control and Prevention COVID-19 vaccine
safety update35 on the first 13.7 million
COVID-19 vaccine doses administered in
the United States, 79.1% of the adverse ef-
fects had been experienced by women,
whereas only 61.2% of the vaccines had
been received by a woman. As recently high-
lighted by Vijayasingham et al,36 sex-
disaggregated analysis and reporting have
been neglected also in COVID-19 vaccine
clinical trials. Given the remarkable diversity
in the immune response between men and
women, data regarding serologic response
6(12):2966-2979 n https://doi.org/10.1016/j.mayocp.2021.08.013
www.mayoclinicproceedings.org
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and adverse events in women should be re-
ported to precisely understand sex-specific
characteristics of response to vaccines and
also to hypothesize a sex-differentiated
dosing regimen.

Of note, although patients with a known
history of exposure to SARS-CoV-2 were
excluded by protocol, we included in our anal-
ysis those individuals who had never been
diagnosed with infection but who tested posi-
tive for anti-N antibodies at the time of execu-
tion of our serologic evaluation. Among these,
we recorded a higher prevalence of individuals
with antibody titer above 2000 BAU/mL. In
line with this, Saadat et al37 reported a higher
IgG binding titer against spike trimer in health
care workers with previous COVID-19 infec-
tion who received a single vaccine dose of
BNT162b2 or mRNA-1273. This evidence
could constitute a first point of discussion to
evaluate the possibility of administering a sin-
gle dose of vaccine instead of 2 doses in indi-
viduals who have already had a previous
exposure to SARS-CoV-2.
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CONCLUSION
Vaccination with BNT162b2 induced the
development of high titers of neutralizing
IgG against spike trimer within 14 days of
the second dose. Vaccination successfully
protected frontline health care workers
from resurgence of COVID-19 pandemics
in Milan. However, further assessments are
needed on special populations, such as
immunocompromised or immunosup-
pressed individuals, as well as on the
duration of the immune response and its
effectiveness against circulating variants.
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