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Letter to the Editor
Impact of SARS-CoV-2 Omicron variants on serum
neutralization in a cohort of healthcare workers
vaccinated with BNT162b2

Letter to the editor
Dear editor,
Despite all the forces put in place to counter the Coronavirus
Disease 2019 (COVID-19) pandemic and despite the progress made,
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
and its variants of concern (VOCs) continue to spread causing considerable issues. Nowadays, the most widespread variants belong
to the Omicron sublineages.1
In July 2021, we published in this Journal partial results of our
study on serum neutralization activity of three different cohorts
on different SARS-CoV-2 VOCs.2 One of the cohorts was a group
of healthcare workers (HCW) of Perugia Hospital vaccinated with
BNT162b2 (Comirnaty® - BioNTech/Pﬁzer). This cohort was enrolled for a prospective observational study that lasted 1 year and
was approved by the Ethics Committee of the Umbria Region (protocol number 20686/21/OV) and it was conducted in accordance
with the Declaration of Helsinki. Here, we present the complete
results of the study.
Samples of vaccinated subjects were withdrawn before the ﬁrst
dose of BNT162b2 (T0), right before the second one (T1), after 14–
21 days (T2), 3 months (T3) and 6 months (T4) from the second dose. Furthermore, the serum neutralizing activity was also
checked after 14–21 days from the third vaccine injection (T5).
Neutralizing antibodies (NT-Abs) titers against SARS-CoV-2 were
evaluated as previously described.2 Strains of SARS-CoV-2 identiﬁed as 20A.EU1, B.1.617.2, BA.1, BA.2 and BA.5 were used. Identiﬁcation was performed as previously described.3
This cohort was composed of 108 HCWs vaccinated with the
BNT162b2 COVID-19 mRNA vaccine.
Demographic and clinical characteristics are summarized in
Table 1. The mean age was 44.7 ± 10.1 years and 18.1% were male.
All subjects were tested for SARS-CoV-2 antibodies before vaccination. Ninety-one subjects had no SARS-CoV-2 infection, either before or within 21 days from completed vaccination.
Six subjects had asymptomatic SARS-CoV-2 infection before
vaccination. Six subjects had mild or asymptomatic SARS-CoV-2 infection between the ﬁrst and second vaccine dose. Four subjects
were lost to follow-up at different time points. Another participant
had an anaphylactic reaction to the ﬁrst dose of the vaccine and
did not undergo the second one. Consequently, these 17 patients
were analyzed separately.
The NT-Abs over time trend showed a peak immediately after
the second dose (T2), a progressive reduction up to six months
(T3-T4) and a second peak, even higher, after the third dose (T5).
These ﬁndings conﬁrmed what is already known in the literature.4

Table 1
Demographics, comorbidities, and clinical presentation.
Healthcare workers
No.
Age, median (IQR) [range], years
Sex:
Male, No. (%)
Comorbidities:
Autoimmune disease, N/tot (%)
Diabetes, N/tot (%)
Hypertension, N/tot (%)
Malignancy, N/tot (%)
Chronic kidney disease, N/tot (%)
Chronic liver disease, N/tot (%)
COPD or chronic lung disease, N/tot (%)
Chronic ischaemic heart disease, N/tot (%)
Cerebrovascular disease, N/tot (%)
Dyslipidaemia, N/tot (%)
Obesity, N/tot (%)
N comorbidity, median (IQR)
BMI, mean (SD)
History of adverse drugs reactions, N/tot (%)
History of adverse vaccines reactions, N/tot (%)
Smoke, N/tot (%)
Polypharmacy, N/tot (%)
Chronic steroid therapy, N/tot (%)
History of SARS-Cov2 infection, N/tot (%)
T cell, mean (SD)
CD4, mean (SD)
CD4%, mean (SD)
CD8, mean (SD)
CD8%, mean (SD)
CD4/CD8, mean (SD)
Days from second vaccine dose, median (IQR)
Death, N/tot%

91
46.3 (36.3–53.3) [28.0–69.1]
16/91 (17.6%)
4/91 (4.4)
1/91 (1.1)
9/91 (9,9)
0/91 (0.0)
0/91 (0.0)
0/91 (0.0)
0/91 (0.0)
0/91 (0.0)
0/91 (0.0)
1/91 (1.1)
0/91 (0.0)
0 (0–1)
23.6 (4.5)
4/91 (4.4%)
0/91
34/91 (37.4)
14/91 (15.4)
0/91 (0.0)
0/91 (0.0)
1683.7 (823.7)
944.4 (483.3)
32.5 (12.1)
533.1 (294.0)
17.5 (6.6)
1.9 (0.8)
16 (15–18)
0/90 (0.0)

Footnotes: IQR, interquartile range; SD, standard deviation; tot, total.

As can be seen from Fig. 1, before vaccination (T0) no one had
NT-Abs against SARS-CoV-2, at T1 the median NT-Abs titer was 10
(IQR <10–10), at T2 80 (IQR 40–80), at T3 20 (IQR 20–40), and at
T4 10 (IQR 10–20) against 20A.EU1 strain. Furthermore, 73 serums
were collected after 14–21 days from the third dose (T5) and at
this time-point, the NT-Abs median titer was 160 (IQR 120–340)
against 20A.EU1 strain. The T5 NT-Abs titer was 2.8-fold higher
than T2 (after the second dose) (p < 0.0 0 01). This difference is also
maintained when T2 and T5 samples were tested with B.1.617.2
strain with an NT-Abs titer 2.5-fold higher at T5 compared to T2
(p < 0.0 0 01).
Several studies demonstrated that 2-dose mRNA vaccines provided high protection against symptomatic infection by delta variant and moderate protection against the Omicron ones, but the effectiveness wanes over time. The mRNA booster dose provides additional protection against the Omicron variant.5 , 6
In our study, we demonstrated a correlation between these
clinical-epidemiological data and the serum neutralization activity.
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At the T2, the NT-Abs titer was signiﬁcantly lower for the Omicron
strains (BA.1, BA.2 and BA.5 median NT-Abs <10, interquartile, IQR
0–7.5) compared to 20A.EU1 strains (80, IQR 40–80) and B.1.617.2
(40, IQR 20–40) (p <0.05), while there was no signiﬁcant difference among the Omicron variants. At T4 time point, a signiﬁcant
reduction in NT-Abs titer was observed and a signiﬁcant difference
was conﬁrmed for the 20A.EU1 and B.1.617.2 strains compared to
the Omicron variants. At T5, the differences highlighted at the previous time-points were conﬁrmed, moreover, a signiﬁcant reduction in the titer was observed on the BA.5 variant (10, IQR 0–20)
compared to the BA.1 (20, IQR 10–40) and BA.2 (40, IQR 20–80)
(p = 0.002). Furthermore, for 34.2% (25/73) of subjects, the serum
neutralization assay showed a titer <10 for the BA.5 variant after
the third vaccine dose.
Other studies, also demonstrated that neutralisation eﬃciency
against BA.5 is lowest among all Omicron variants, even among
people infected with BA.1 following three or four vaccine doses.7 , 8
Poor data are available on the eﬃciency of the fourth dose
against Omicron variants. Cohen et al. performed a multicenter
cohort study (4-dose group versus 3-dose group) during the ﬁrst
month of the 4-dose vaccination campaign. They demonstrated
that the fourth BNT162b2 vaccine dose resulted in a reduced Omicron 1 breakthrough infection rate compared to the 3-dose group.9
In conclusion, the study showed that the NT-Abs titer progressively decreases over time, starting from the second dose of vaccine and then showing a higher peak after the booster dose. Furthermore, the Omicron variants have shown the ability to evade,
even if not totally, the humoral immunity obtained through vaccination. In particular, the resistance of the BA.5 variant could partly
explain the peak of infections recently encountered in Italy and in
the world.
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