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Abstract

Background: The pandemic of coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), had a significant impact worldwide. Vaccines against COVID-19 appear as a tool
able to curb out mortality and reduce the circulation of the virus. Little is known so far about the clinical characteris-
tics of individuals who developed SARS-CoV-2 infection after having received the vaccination, as well as the temporal
relationship between vaccine administration and symptoms onset.

Methods: Retrospective cohort study among the 3219 healthcare workers (HCWs) of the Fondazione IRCCS
Ospedale Maggiore Policlinico of Milano who received a full immunization with the BNT162b2 vaccine and who
developed SARS-CoV-2 infection (documented through positive RT-PCR on nasopharyngeal swab) in March—April
2021.

Results: Overall, we have identified 15 HCWs with SARS-CoV-2 infection after vaccination, 7 (46.7%) of them were
male and the mean age was 384 years (SD 14). In 4 of them, the presence of SARS-CoV-2 anti-nucleocapsid (anti-N)
antibodies was assessed before vaccination and resulted positive in 1 case. In all HCWs the presence of SARS-CoV-2
anti-spike (anti-S1) antibodies was assessed, on average 42.2 days after the completion of vaccination, with a mean
value of 2055 U/mL (SD 1927.3). SARS-CoV-2 infection was ascertained on average 56.2 days after vaccination. The
mean cycle threshold (Ct) of SARS-CoV-2 PCR was 264, the lineage was characterized in 9 HCWs. None of the HCWs
reported a primary or secondary immunodeficiency. Regarding symptoms, they were reported only by 7 (46.7%)
HCWs and appeared on average 55 days after the second dose of vaccination. Of those who reported symptoms, one
(14.3%) had fever, 7 (100%) rhinitis/conjunctivitis, 4 (57.1%) taste and smell alterations, none had respiratory symp-
toms, 4 headache/arthralgia (57.1%) and 1 gastrointestinal symptom (14.3%). All symptoms disappeared in a few days
and no other unclassified symptoms were reported.

Conclusions: Infections occurring after vaccination with the BNT162b2 vaccine are mostly asymptomatic and are
not associated with the serum titre of anti-S1 antibodies. We did not find a predominance of specific viral variants,
with several lineages represented.
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Background

The pandemic of coronavirus disease 2019 (COVID-19),
caused by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), has caused significant morbid-
ity and mortality. Vaccines against COVID-19 appear as
a tool able to curb out mortality and reduce the circula-
tion of the virus. Consequently, mass vaccination cam-
paigns are ongoing worldwide [1, 2]. Healthcare workers
(HCWs) are a population who has been vaccinated early
in the pandemic due to their high exposure to the virus,
the corresponding elevated risk of infection and the pos-
sible role in spreading the disease [3].

Little is known so far about the clinical characteristics
of HCWs who developed SARS-CoV-2 infection after
having received the vaccination, as well as the temporal
relationship between vaccine administration and symp-
toms onset. To answer these questions, we conducted a
retrospective study among the HCWs vaccinated with
BNT162b2 who developed SARS-CoV-2 infection (doc-
umented through positive RT-PCR on nasopharyngeal
swab) in a large university hospital, collecting their clini-
cal characteristics.

Methods

All the HCWs of the IRCCS Ospedale Maggiore Policlin-
ico, a university hospital in Milan, Italy, were offered the
COVID-19 vaccination with BNT162b2 vaccine. Among
the 3622 HCWs working in our centre at the time of the
study, 3219 (88.9%) received the full schedule, 170 (4.7%)
received only the first shot and 233 (6.4%) were not vac-
cinated. The two prescribed shots were administered
during January and February 2021. The HCWs of our
hospital who are working in direct contact with proven
or possible COVID-19 patients are subject to manda-
tory surveillance nasopharyngeal swab (NPS) for SARS-
CoV-2 every two weeks, irrespective of the presence of
symptoms. We collected the demographic, clinical and
virologic characteristics of those who had positive NPSs
in the period 01/03/2021-30/04/2021. For SARS-CoV-2
RNA detection was used the Alinity m SARS-CoV-2
assay on Alinity m (Abbott Molecular, IL, USA). The test
is an rRT-PCR that allow simultaneous detection of RARp
and N genes. Serologic analyses were performed with two
electrochemiluminescence immunoassay (ECLIA), Elec-
sys Anti-SARS-CoV-2 and Elecsys Anti-SARS-CoV-2 Son
Cobas €801 (Roche Diagnostic, Mannheim, Germany)
for the detection of total antibodies (including IgG)
directed against SARS-CoV-2 nucleocapsid (N) antigen
and SARS-CoV-2 spike protein receptor-binding domain

(RBD) respectively. Full genome sequences were obtained
by amplifying using CleanPlex for SARS-CoV-2 Research
and Surveillance NGS panel (Paragon Genomics, Hay-
ward CA, USA). A library was prepared with the PCR
products and sequencing was performed on the Illumina
MiSeq platform. The results were aligned to the reference
genome NC_045512.2 by SOPHiA DDM software, v4
(SOPHIA GENETICS, USA). The software used to assign
lineages to SARS CoV-2 sequences was Phylogenetic
Assignment of Named Global Outbreak LINeages (Pango
COVID-19 Lineage Assigner) [4, 5]. Descriptive statis-
tics were obtained for all the variables collected, analyses
were performed with Stata 17 (StataCorp. 2019). All the
enrolled patients signed written informed consent. The
study protocol (#828_2021) was approved by the local
(Milano Area 2) Ethics Committee.

Results

Overall, we have identified 15 HCWs with SARS-CoV-2
infection after vaccination, 7 (46.7%) of them were male
and the mean age was 38.4 years (SD 14). In 4 of them,
the presence of SARS-CoV-2 anti-nucleocapsid (anti-N)
antibodies was assessed before vaccination and resulted
positive in 1 case. In all HCWs the presence of SARS-
CoV-2 anti-spike (anti-S1) antibodies was assessed, on
average 42.2 days after the completion of vaccination,
with a mean value of 2055 U/mL (SD 1927.3). SARS-
CoV-2 infection was ascertained on average 56.2 days
after vaccination. The mean cycle threshold (Ct) of
SARS-CoV-2 PCR was 26.4, the lineage was character-
ized in 9 HCWs (Table 1). None of the HCWs reported a
primary or secondary immunodeficiency.

Regarding symptoms, they were reported only by 7
(46.7%) HCWs and appeared on average 55 days after the
second dose of vaccine. Of those who reported symp-
toms, one (14.3%) had fever, 7 (100%) rhinitis/conjunc-
tivitis, 4 (57.1%) taste and smell alterations, none had
respiratory symptoms, 4 headache/arthralgia (57.1%) and
1 gastrointestinal symptom (14.3%). All symptoms disap-
peared in a few days and no other unclassified symptoms
were reported (Table 2).

Discussion

We have identified 15 HCWs who developed SARS-
CoV-2 infection after completing the vaccination
schedule with the BNT162b2 vaccine. Symptoms were
reported by less than half of those included in the study,
were mild, with only one case of fever, and disappeared
quickly. The infections were detected through the
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Table 1 Demographic and virologic characteristics of patients vaccinated with BNT162b2 with documented SARS-CoV-2 infection

through positive RT-PCR on nasopharyngeal swab

ID Age Sex PreviousCOVID-19 Daysbetween Anti-S1 Days between Days between Ct Lineage
vaccination and antibodies vaccination and vaccination and
serology (U/mL) symptoms positive swab
1T 29 M Unknown 24 2974 No symptoms 36 41 Unknown
2 28 F Unknown 46 460 No symptoms 29 36.5 Unknown
329 M No 82 866 26 24 21.8 B.1.351
4 28 F Unknown 63 3787 No symptoms 29 142 B.1.1.241
5 60 M Unknown 36 353 63 65 165 C36
6 28 F Unknown 35 3838 No symptoms 72 216 C36
7 38 F Unknown 37 1902 50 51 178 P1
8 22 F Unknown 65 1925 No symptoms 66 345  Unknown
9 46 M No 34 637 58 58 166 B.1.1.7
10 31 M Unknown 36 1493 34 35 19.8 B.1.525
1157 M Unknown 37 162 No symptoms 70 419  Unknown
1239 F Yes 36 >7500 93 95 39.6  Unknown
13 66 M No 40 1115 No symptoms 109 204 C11
14 48 F Unknown 28 2790 No symptoms 49 394  Unknown
15 26 F Unknown 34 1005 55 55 141 B1.1777
CT cycle threshold

Table 2 Symptoms reported at time of positive nasopharyngeal swab in patients vaccinated with BNT162b2 with documented SARS-

CoV-2 infection through positive RT-PCR

ID Symptoms Fever Rhinitis/ Taste/Smell Cough/ Headache/ Gl symptoms Other
conjunctivitis alterations dyspnoea arthralgia
1 No No No No No No No No
2 No No No No No No No No
3 Yes No Yes Yes No Yes No No
4 No No No No No No No No
5 Yes No Yes No No Yes No No
[§ No No No No No No No No
7 Yes No Yes Yes No No No No
8 No No No No No No No No
9 Yes No Yes No No Yes Yes No
10 Yes No Yes Yes No No No No
1 No No No No No No No No
12 Yes No Yes No No Yes No No
13 No No No No No No No No
14 No No No No No No No No
15 Yes Yes Yes Yes No No No No

Gl gastrointestinal

mandatory surveillance system applied in our hospital,
on average almost 2 months after the completion of the
vaccination schedule.

The absence of important symptoms is a reassuring
finding, which confirms the data about the efficacy of
the BNT162b2 vaccine in preventing the severe form of

COVID-19 reported in the registration study [6]. Intrigu-
ingly is the high incidence of rhinitis and conjunctivitis,
which resulted in the most frequently reported symp-
tom. Conjunctivitis is usually reported in about 1%
of COVID-19 patients, with a higher prevalence (3%)
among severe cases. The expression on the conjunctiva of
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the entry receptor for SARS-CoV-2, ACE-2, is disputed
[7, 8], even though it has been shown how the inocula-
tion in the ocular conjunctiva of SARS-CoV-2 can cause
mild COVID-19 in rhesus macaques [9]. It is possible to
speculate that the conjunctiva represents the site with the
highest viral concentration in patients with the infection
after vaccination, and this is reflected by the presence of a
vigorous inflammatory response. Further studies are nec-
essary to assess the concentration of immunoglobulins
against SARS-CoV-2 in the ocular fluids after vaccination
and their neutralizing activity.

In a previous publication from our group, we described
how SARS-CoV-2 reinfections occurring in HCWs with
a previous diagnosis of COVID-19 were mostly asymp-
tomatic (7/9) [10]. Instead, we have previously observed
during the first wave of COVID-19 pandemic how only
a minority of HCWs has asymptomatic SARS-CoV-2
infections (17/139) [11]. This reinforces the concept of
reduced/absent symptoms in those who probably have
developed immunity against SARS-CoV-2, both through
infection or vaccination.

Regarding the mean value of the serum anti-S1 anti-
bodies, we observed in those who developed SARS-
CoV-2 infection a value superior to the mean value of all
the vaccinated HCWs of our hospital (1577 U/mL) and
also superior to the mean value of the vaccinated HCWs
without a previous SARS-CoV-2 infection (1374 U/mL)
[12]. This suggest that the raw value of the anti-S1 anti-
bodies cannot predict the future development of infec-
tion, the neutralizing activity of these antibodies could
be a better tool to predict the efficacy of the humoral
response.

Interestingly, we did not find a predominance of spe-
cific viral variants, with several lineages represented. This
is in accordance with published data, which highlighted
a reduced but still efficacious immune response against
viral variants in those vaccinated with BNT162b2, and
suggest that the risk of infection after vaccination is not
currently related to the viral genotype but to other vari-
ables yet to be uncovered [1, 13]. Of note, the prevalence
of SARS-CoV-2 lineages detected is adherent to the Ital-
ian scenario at the time, with the Alpha variant the most
frequently reported [14].

A limitation of our study is the short observation time
post-vaccination, restricted to two months, which led to
the identification of only 15 infections post-vaccination
in a large cohort of HCWs. A longer observation time
might have led to the identification of a higher number
of cases, increasing the chance of also finding infections
with severe clinical manifestations.
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Conclusions

Infections occurring after vaccination with the
BNT162b2 vaccine are mostly asymptomatic and are not
associated with the serum titre of anti-S1 antibodies.
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