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ABSTRACT
In Italy, SARS-CoV-2 vaccination campaign prioritized healthcare workers (HCWs) to receive two doses of 
BNT162b2 vaccine, irrespective of a previous SARS-CoV-2 infection. In this real-life study, we compared the 
humoral response to BNT162b2 vaccine in HCWs with and without a previous SARS-CoV-2 infection. Of the 
407 HCWs enrolled, 334 (82.1%) were SARS-CoV-2-naive and 73 (17.9%) SARS-CoV-2-experienced. Post- 
vaccine humoral response was detectable in more than 98% of HCWs. Overall, the median level of anti-S 
IgG in SARS-COV-2-experienced HCWs was twice as high as those of SARS-CoV-2-naive subjects 
(24641.0 AU/mL [IQR: 15273.0–>40000.0] versus 13053.8 [IQR: 7303.3–20105.8]; p < .001), irrespective of 
the time elapsed from SARS-CoV-2 previous infection. In a subgroup of SARS-CoV-2-naive and - 
experienced subjects who received only one dose of the vaccine, the latter showed 32 times higher 
levels of anti-S IgG compared to the former. Although no serious adverse events have been reported, mild 
to moderate side effects occurred more frequently after the first dose in the SARS-CoV-2-experienced than 
in naive subjects (67% versus 42%, respectively; p < .001). Notably, post-vaccination anti-SARS-CoV-2 spike 
IgG levels ≥20,000 AU/mL were independently associated with the risk of fever ≥38°C (adjusted odds ratio 
[aOR] 5.122, 95% CI 2.368–11.080, p < .0001).

Our study showed high responsiveness of BNT162b2 vaccine and a relationship between levels of 
antibody response and reactogenicity. It suggests that a single dose of mRNA vaccine might evoke 
effective protection in SARS-CoV-2-experienced subjects.
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Introduction

The pandemic of the coronavirus disease 19 (COVID-19) due 
to the severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV-2) that started in China in late 2019 has rapidly become 
an unprecedented global health challenge.1 With continuing 
cases and deaths from the pandemic, researchers worldwide 
raced to develop COVID-19 vaccines. The application of new 
vaccine techniques mainly based on mRNA and adenoviral 
vector platforms has led to the rapid development of anti- 
SARS-CoV-2 vaccine candidates. At the end of 2020, the 
results of phase 3 clinical trials on vaccines targeting the 
spike (S) proteins of SARS-CoV-2 demonstrated their ability 
to induce robust humoral and cellular immune responses and 
showed 95% efficacy at preventing Covid-19 illness, including 
severe disease.2–7 Since then, the rapid implementation of mass 
SARS-CoV-2 vaccination has become a global healthcare 
priority for curbing the epidemic.

COVID-19 vaccination campaign in Italy started on 
27 December 2020 as soon as the BNT162b2 (Pfizer- 
BioNTech) vaccine, an mRNA-based COVID-19 vaccine, was 
approved for emergency use.8 Initial targeted population 
included healthcare workers (HCW) to whom two doses of 
BNT162b2 vaccine were recommended, irrespectively of 

a previous SARS-CoV-2 infection and regardless of some con
cerns on the indication of prioritizing vaccination in subjects 
with preexisting natural immunity.9

The main objective of the study was to compare the 
humoral response to BNT162b2 vaccine in HCWs with and 
without a previous SARS-CoV-2 infection. As a secondary 
objective, we explored the association between previous SARS- 
CoV-2 infection and the frequency and severity of post- 
vaccination symptoms.

Methods

Study population

The study was conducted at the Luigi Sacco University 
Hospital (LSUH) that has served as a main COVID-19 referral 
center for the metropolitan area of Milan, Italy, since the start 
of the pandemic.10

From 28 December 2020, LSUH offered the BNT162b2 
mRNA-based vaccine to all its 1500 healthcare workers (HCWs) 
including nurses, doctors, healthcare technicians, health service 
assistants, cleaners, laboratory staff, and administrative staff. 
HCWs enrolled into the vaccination program were invited to 
participate in a pre- and post-vaccination serosurvey on a 
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voluntary basis, and those who agreed gave the written informed 
consent to the storage of their anonymized data in a protected 
database. The study was approved by the ethical committee of the 
University of Milan (Comitato Etico Università degli Studi di 
Milano, n. 23/21) and conducted in compliance with Good 
Clinical Practice guidelines and the Declaration of Helsinki.

Two blood samples for each participant were obtained: the first 
within the 7 days preceding the administration of the first vaccine 
dose (baseline sample), and the second after 28–30 days from the 
first dose of vaccine (post-vaccination sample), regardless of the 
receipt of the second dose. Participants were asked to complete 
a questionnaire that, in addition to demographic and occupational 
data, included questions concerning whether they had experi
enced symptoms possibly related to SARS-CoV-2 infection 
(fever, myalgia, fatigue, sore throat, conjunctivitis, gastrointestinal 
symptoms, anosmia/dysgeusia, cough, and dyspnea) and/or they 
have ever had a PCR test on nasopharyngeal swab and/or a 
serological test positive SARS-CoV-2. At the post-vaccination 
survey participants were also asked to report any new symptoms 
or diagnosis of SARS-CoV-2 infection and any side effects that 
occurred after the first and/or the second vaccination dose. HWCs 
were asked to define their side effect(s) as follows: mild (negligible 
symptom(s)), moderate (symptom(s) not requiring specific med
ical intervention), intense (symptom(s) requiring medications or 
impacting on the daily activities) and referred them at the high 
intensity experienced from the first dose to the post-vaccination 
questionnaire. In the case of fever or hypertension, specifically, 
HCWs were asked to indicate if fever was <38°C (moderate) or 
≥38°C (intense) and weather the diastolic blood pressure was 
<100 mmHg (moderate) or ≥100 mmHg (intense).

New SARS-CoV-2 infections diagnosed between the two 
observation time points were considered to be pre- 
vaccination if they occurred within 5 days from first dose of 
vaccine administration.11

Serological assays

Plasma samples were stored at −20°C until serological tests 
were performed.

In order to capture possible asymptomatic infections and to 
assess the persistence of specific antibodies in previously infected 
subjects, baseline samples were screened for antibodies against 
the SARS-CoV-2 nucleocapsid protein (anti-N IgG) using the 
Abbott chemiluminescent microparticle immunoassay (Abbott, 
Abbott Park, Illinois, USA) and for IgG antibodies against the 
receptor-binding domain (RBD) of the viral S1 spike protein 
(anti-S IgG), which levels showed a strong correlation with 
neutralizing activity,12,13 using the SARS-CoV-2 IgG II Quant 
assay (Abbott, Abbott Park, Illinois, USA). The assay cutoff is 
≥50 AU/ml, with linear quantification of detected results from 
50 to 40,000 AU/ml reported by the manufacturer.14

This same assay was also used to quantify the magnitude of 
anti-S IgG response in post-vaccination samples.

Definitions

For the purpose of our analyses the study population was 
divided in two groups: a) HCWs without a prior history of 
SARS-CoV-2 infection and resulted negative at the baseline 

anti-N IgG and anti-S IgG screening test (SARS-CoV-2-naive), 
and b) HCWs with a previous infection documented by a 
positive PCR test on a nasopharyngeal (NF) swab and/or a 
positive serologic test or resulted positive to our baseline N/ 
S-IgG screening test (SARS-CoV-2-experienced).

Statistical analysis

The descriptive statistics include proportions for categorical 
variables, and median values and interquartile range (IQR) for 
continuous variables. The baseline characteristics of SARS- 
CoV-2 – naive and SARS-CoV-2-experienced HCWs were 
compared using the χ2 or the Fisher’s exact test where neces
sary for categorical variables and the nonparametric Mann– 
Whitney test for continuous variables.

The Mann–Whitney test or the Kruskal-Wallis with Dunn’s 
test for pairwise multiple-comparison procedure were used to 
compare post-vaccination anti-S IgG levels between HCWs 
according to the following characteristics: a) being SARS-CoV-2 
– naive and SARS-CoV-2 – experienced; b) having been diag
nosed with SARS-CoV-2 infection for less or more than 6 months, 
c) having received one or two vaccine doses, and d) being male 
and female. Differences in anti-S IgG levels according to age strata 
was also evaluated by using the Cuzick’s trend test. Non- 
parametric analysis of the correlation between pre- and post- 
vaccination anti-S IgG levels in SARS-CoV-2-experienced sub
jects was assessed by Spearman’s rank correlation coefficient rs.

The frequency of post-vaccination symptoms, overall and 
grade 3 systemic events, was compared between SARS-CoV-2– 
naive and SARS-CoV-2-experienced HCWs. In case of statis
tically significant difference in the frequency of grade 3 sys
temic events between the two groups, we applied multivariable 
logistic regression model, adjusting for age, sex and post- 
vaccination anti-S IgG levels. All statistics were conducted 
using SAS, version 9.4 and p-values < .05 were considered to 
be statistically significant.

Results

Participants characteristics

Of the 1550 HCWs who were offered COVID-19 vaccination, 
407 participated in the study: 334 (82.1%) SARS-CoV-2-naive 
and 73 (17.9%) SARS-CoV-2-experienced HCWs. The baseline 
characteristics of SARS-CoV-2-naive and SARS-CoV-2- 
experienced HCWs are shown in Table 1. SARS-CoV-2- 
experienced HCWs were more frequently males than SARS- 
CoV-2-naive, but there were no between-groups differences 
according to age and occupational category. SARS-CoV-2- 
experienced HCWs included 21 individuals without a history 
of infection who resulted positive to baseline anti-S IgG test but 
had no report of positive PCR on a NF swab. Overall, of the 73 
SARS-CoV-2-experienced HCWs, 93.2% resulted positive for 
anti-SARS-CoV-2 spike IgG at baseline, while in 49.3% of them 
baseline anti-N IgG were negative. The median interval 
between SARS-CoV-2 diagnosis and enrollment resulted sig
nificantly longer in these subjects compared to those who 
tested anti-N IgG positive (258 days [IQR 166–289] versus 
75 days [IQR 70–90], respectively, p = .007).
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Vaccination serological response

All participants received the first dose of BNT162b2 mRNA 
COVID-19 vaccine. After 28–30 days from the first dose 
administration, 326 (97.6%) of SARS-CoV-2-naive HCWs 
had completed their 2-dose vaccination schedule, while 8 
(2.4%) had the second dose delayed for personal reasons (4 
were unwell and 4 had familiar commitments and were 
rescheduled). Among SARS-CoV-2-experienced HCWs, 60 
(82.2%) had received the second dose, while 13 (17.8%) 
declined it.

At this post-vaccination time point, anti-S IgG were detect
able in more than 98% of HCWs. Overall, the median levels of 
anti-S IgG in SARS-CoV-2-experienced HCWs increased from 
871.9 AU/mL [IQR: 233.9–2767.9] at baseline (Table 1) to 
24641.0 AU/mL [IQR: 15273.0->40000.0] at the post- 
vaccination sampling when they were twice as high as those 
of SARS-CoV-2-naive subjects (13053.8 [IQR: 7303.3– 
20105.8]; p < .001). A significant correlation was found in 
SARS-CoV-2-experienced persons between baseline and post- 
vaccination (2 doses) anti-S IgG levels (Spearman Rank 
Correlation rs = 0.45; p < .001). When the humoral response 
was compared between SARS-CoV-2-experienced and -naive 
subjects who had received only one dose of the vaccine, the 
former showed 32 times higher levels of anti-S IgG compared 
to the latter (15273.0 AU/mL [IQR: 4107.3–31200.5] and 
469.6 AU/mL [IQR: 1.7–7976.3], respectively) (Figure 1a). 
Moreover, anti-S IgG levels among SARS-CoV-2-experienced 
HCWs who had completed a 2-dose course of vaccination did 
not significantly differ between subjects who had been diag
nosed with SARS-CoV-2 infection for less than 6 months 
(n = 40) and those who had been diagnosed for more than 
6 months (n = 20) (Figure 1b).

No statistically significant difference was found in post- 
vaccination anti-S IgG levels according to sex, while a signifi
cant decreasing trend was shown with increasing of age 
(p = .021) among SARS-CoV-2-naive subjects.

Finally, in the timespan between the two plasma samples we 
did not observe any symptomatic infection except one subject 
who resulted positive to nasopharyngeal swab one day after the 
first dose and was considered a pre-vaccine infection, thus 
included in SARS-CoV-2 experienced-HCWs.

Vaccine-associated side effects

At least one side effect was reported by 245 (73.4%) and 63 
(86.3%) of SARS-CoV-2-naive and SARS-CoV-2-experienced 
subjects (p = .019), respectively, none requiring hospitalization 
(Table 2). Symptoms after both first and second dose of vaccine 
were reported by 98 and 23 SARS-CoV-2-naive and – experi
enced participants, respectively. Overall, a higher number of 
SARS-CoV-2 naive HCWs reported side effects after the second 
vaccine dose than after the first dose, while no significant differ
ence emerged in the number of SARS-CoV-2-experienced sub
jects reporting side effects after the first or second vaccine dose.

The most common side effect was localized injection-site 
pain, followed by fatigue, fever, muscle pain, joint pain, nausea 
and very rarely skin rash and blood hypertension. Systemic 
intense (grade 3) events were more frequent in SARS-CoV-2- 
experienced than in SARS-CoV-2-naive vaccine recipients, but 
no significant association between the frequency of grade 3 
events and the time elapsed from the diagnosis of SARS-CoV 
-2 infection was seen (Figure 2).

Table 3 shows the multivariable logistic regression analysis 
of the factors associated with the odds of developing a systemic 
grade 3 event after vaccine exposure. Post-vaccination anti- 
SARS-CoV-2 spike IgG levels ≥20,000 AU/mL was indepen
dently associated with the risk of fever ≥38°C (adjusted odds 
ratio [aOR] 5.122, 95% CI 2.368–11.080, p < .0001).

Moreover, to be SARS-COV-2-naive was independently 
associated with a reduced likelihood of presenting fatigue 
(adjusted odds ratio [aOR] 0.281, 95% CI 0.084–0.935, 
p = .038).

Table 1. Demographic, occupational, and serological characteristics of the study population.

Vaccinated (n = 407)

Characteristic SARS-COV-2-experienced n = 73 SARS-COV-2-naive n = 334 P

Median age (IQR) 44 (33–56) 47 (37–55) .481
Sex, n (%)  

Male  
Female

26 (35.6) 
47 (64.4)

79 (23.7) 
255 (76.3)

.039

Occupational category, n (%)  
Nurse  
Medical doctor  
Other healthcare service worker  
Socio-administrative staff

29 (39.7) 
22 (30.1) 
15 (20.5) 

7 (9.6)

129 (38.6) 
103 (30.8) 
70 (21.0) 
32 (9.6)

.999

Immunosuppressive medications 5 (6.8) 15 (4.5) .376
Vaccinated with 2 doses 60 (82.2) 326 (97.6) <.001
SARS-CoV-2 (N) IgG at baseline Negative 

Positive 
median levels, AU/mL (IQR)

36 (49.3) 
37 (50.7) 

1.44 (0.24–4.24)

334 (100) 
0 (0.0)

<.001

SARS-CoV-2 (S) IgG at baseline Negative 
Positive 
median levels AU/mL (IQR)

5 (6.8) 
68 (93.2) 

871.9 (233.9–2767.9)

334 (100) 
0 (0.0)

<.001

IQR, interquartile range; AU, arbitrary unit.
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Discussion

In this study we have assessed the neutralizing antibody 
response to BNT162b2 mRNA COVID-19 vaccine in pre
viously infected and uninfected HCWs. The vaccine resulted 
effective and well tolerated, with no severe side effects reported.

In accordance with previous reports15–20 vaccination of 
individuals with previous SARS-CoV-2 infection lead to 
anti-S IgG levels at least twice as high as SARS-CoV-2 - 
naive subjects, irrespective of the loss of SARS-CoV-2 N 
antibodies and of the time elapsed from infection diagnosis. 

Figure 1. a) Anti-SARS-CoV-2 spike antibody levels after one and two doses of the BNT162b2 mRNA COVID-19 vaccine in SARS-CoV-2-experienced and SARS-CoV-2- 
naive HCWs. b) Anti-SARS-CoV-2 spike antibody levels after two doses of vaccine in SARS-CoV-2-experienced HCWs who had been diagnosed with SARS-CoV-2 infection 
for less than 6 months and those who had been diagnosed for more than 6 months at the time of vaccination. Horizontal bars express the median values.
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Notably, in patients with a confirmed date of SARS-CoV-2 
infection, over a median of 80 days [IQR, 72–257] from the 
diagnosis, 49.3% of subjects resulted negative for anti-N IgG 
though 86% of them still had anti-SARS-CoV-2 spike IgG 
antibodies. Participants with anti-N IgG loss had an older 

SARS-CoV-2 infection compared with subjects with detect
able N IgG. This finding confirms previous observation on 
SARS-CoV-2 antibody kinetic21 that showed IgG titers to 
RBD, S1 and N antigens to start their decrease in patients 
after the first month from the onset of symptoms, particu
larly in asymptomatic infection or mild disease. We also 
confirmed anti-N-antibodies to have a shorter post- 
infection persistence than anti-S-antibodies22, thus making 
the N-specific antibodies detection to estimate SARS-CoV-2 
seroprevalence of low utility.

Moreover, SARS-CoV-2 neutralizing antibody levels mea
sured after one dose of vaccine in a subgroup of previously 
infected individuals were similar to those measured after 
the second dose in naive subjects, confirming a single dose of 
the vaccine to be likely sufficient for the induction of an effective 
response in previously infected individuals.16–20 This approach 
might be helpful in widening the vaccine supply, particularly in 
countries with limited availability and is supported by the recent 
Italian national recommendations that indicate a one-dose shot 
in subjects who were diagnosed with SARS-CoV-2 infection 
between 3 and 6 months before vaccination.23

We did not observe a different response in neutralizing 
antibody levels between males and females; however, and con
sistently with the findings by Abu Jabal, et al.15 significantly 
lower antibody levels were observed with increasing age in 
SARS-CoV-2-naive subjects.

Although no serious adverse events have been reported in 
our vaccine recipients, in agreement with previous reports, 
a high number of mild to moderate side effects occurred, 
particularly after the second dose.24,25 In agreement with 
Krammer et al.,16 symptoms like muscle pain and fatigue 
were significantly more pronounced in individuals with past 
SARS-CoV-2 infection than in subjects SARS-CoV-2-naive.

Interestingly, we demonstrated a direct relationship 
between the onset of fever ≥38°C and high SARS-CoV-2 IgG 
antibody levels elicited by the vaccination. This finding con
firms a strong vaccine reactogenicity to be strictly correlated 
with antibody response levels.16

Table 2. Frequency of HCWs reporting vaccine-associated side effects according 
to SARS-CoV-2 infection status.

Vaccinated (n = 407)

SARS-COV-2- 
experienced 

n = 73

SARS-COV-2- 
naive 

n = 334 P

Side effects after the first dose 
Side effects after the second dose

49 (67.1) 
37/60 (61.7)

141 (42.2) 
202/326 

(62.0)

<.001 
.999

Pain None 
1 
2 
3

23 (31.5) 
23 (31.5) 
23 (31.5) 

4 (5.5)

125 (37.4) 
84 (25.1) 

113 (33.8) 
12 (3.6)

.497

Fatigue None 
1 
2 
3

35 (47.9) 
15 (20.5) 
17 (23.3) 

6 (8.2)

198 (59.3) 
52 (15.6) 
75 (22.5) 

9 (2.7)

.07

Fever none 
< 38°C 
≥38°C

49 (67.1) 
12 (16.4) 
12 (16.4)

274 (82.0) 
36 (10.8) 
24 (7.2)

.011

Skin rash None 
1 

2–3

73 (100.0) 
0 (0.0) 
0 (0.0)

324 (97.0) 
3 (0.9) 
7 (2.1)

.818

Muscle pain none 
1 
2 
3

40 (54.8) 
12 (16.4) 
15 (20.5) 

6 (8.2)

225 (67.4) 
33 (9.9) 

67 (20.1) 
9 (2.7)

.034

Joint pain None 
1 
2 
3

46 (63.0) 
10 (13.7) 
13 (17.8) 

4 (5.5)

257 (76.9) 
23 (6.9) 

46 (13.8) 
8 (2.4)

.043

Blood hypertension None 
1 
2

72 (98.6) 
0 (0.0) 
1 (1.4)

327 (97.9) 
2 (0.6) 
5 (1.5)

.999

Nausea None 
1 
2 
3

66 (90.4) 
4 (5.5) 
3 (4.1) 
0 (0.0)

299 (89.5) 
20 (6.0) 
13 (3.9) 
2 (0.6)

.999

1, mild; 2, moderate; 3, intense (requiring the use of symptomatic medications or 
having an impact on the daily activities).

Figure 2. Relative frequency of vaccine-associated side effects (grade 3) compared between SARS-CoV-2-experienced and -naive participants, between male and 
females and between HCWs with SARS-CoV-2 infection within the 6 months preceding vaccination and HCWs with a SARS-CoV-2 infection past this time.
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The main limitation of the study is represented by the lack of 
an available standardized serological test which makes challen
ging the comparison of our results with those of other studies and 
to interpret the clinical meaning of quantitative serology response 
to vaccination and its effectiveness in avoiding infection. Indeed, 
although anti-spike antibodies levels have been associated with 
neutralizing activity,12,13,26 our study was not designed to deter
mine their effects on protection from infection and its clinical 
consequences. Nevertheless, the incidence decrease of COVID-19 
from pre- to post-vaccination has been well established, although 
positive tests in asymptomatic individuals have been observed 
following vaccination.27–30 However, reliable immune markers 
like antibody levels that correlate with protection from SARS- 
CoV-2 are still under investigation. Although several studies to 
date, including ours, showed that most of vaccinated people 
develop specific antibodies against SARS-CoV-2, it is not yet 
defined the range of antibody levels above which individuals are 
protected from severe COVID-19 and death, or even from infec
tion and transmission. Recently, a threshold of IgG(S-RBD) levels 
at or above 4,160 AU/mL have been proposed as a surrogate 
measure of antibody neutralization on a plaque reduction neu
tralization test,31 but no association with clinical outcomes have 
been provided. Moreover, humoral response to SARS-CoV-2 
vaccination do not give any insight into other important aspects 
of immunity, including cellular immune response and further 
analyses are needed to reliably assess the effectiveness and dura
tion of humoral and cellular immune response.

Other limitations of the study are: 1) despite the large 
number of participants, the study is limited to HCWs who 
volunteered to be tested and vaccinated, thus some selection 
bias might not be excluded, i.e. HCWs with a previous diag
nosis of SARS-CoV-2 infection who willingly postpone vacci
nation; 2) as elderly individuals are under-represented in a 
working setting like the one described, although statistically 
significant, the lower antibody levels observed with increasing 
age may be underestimated and not representative of general 
population, as well as the lack of extreme ages and of informa
tion on co-morbidities.

Finally, we observed a relatively lower seroprevalence of 
anti-S-IgG antibodies at baseline in our cohort of HCWs, 
compared to other reports.32 In a recent metanalysis33 the 
overall seroprevalence of SARS-CoV-2 antibodies among 
HCWs reported by August 2020 was 8.7% with a wide range 

(from 0% to 45.3%). Our results confirmed the relatively low 
seroprevalence observed in HCWs at LSUH between March 
and May 202010 and is likely the result of a deep re- 
organization of our hospital that closed down its routine activ
ities as soon as the number of COVID-19 cases raised in Milan, 
being a referral Hospital for Infectious Diseases with highly 
trained personnel to infection control measures.

In conclusion, the BNT162b2 mRNA COVID-19 vaccine 
induced a high rate of serological response in a large cohort of 
HCWs with antibody levels higher in HCWs with past 
COVID-19 diagnosis in whom the levels after the first dose 
was comparable to the complete vaccination in naive controls. 
This suggests that a single dose of mRNA vaccine might evoke 
effective protection in prior SARS CoV-2 infected subjects, 
although these results need to be confirmed on elderly and 
fragile population.
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