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Abstract: The advent of vaccines against SARS-CoV-2 has drastically reduced the level of hospital-
ization with severe COVID-19 disease in infected individuals. However, the diffusion of variants
of concern still challenge the protection conferred by vaccines raised against the wild-type form of
the virus. Here, we have characterized the antibody response to the BNT162b2 (Comirnaty) mRNA
vaccine in patients infected with the Omicron variant. We analyzed a population of 4354 vaccinated
healthcare workers (HCW) from 7 different hospitals in Italy and monitored infection with SARS-
CoV-2 Omicron. We correlated infection with the antibody response after vaccination. We found that
a lower level of IgG, younger age, and the presence of allergies correlate with increased infection
during the Omicron wave, and that infections correlate with wild-type spike protein antibody titers
below 350 BAU/mL. These results support the necessity of a fourth booster dose, particularly for
individuals with lower levels of antibodies.
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1. Introduction

Vaccination against SARS-CoV-2 has drastically impacted viral diffusion during the
course of the pandemic, saving millions of lives [1–3]. Vaccine formulations—whether
they are mRNA, DNA or protein based—have been directed to the spike protein of the
wild-type Wuhan variant of the virus [4,5]. However, several variants of concern (VOC)
have been emerging in the last two years [6]. In Italy, there was a first wave between
February and September 2020 with the wild-type variant, a second wave between October
2020 and July 2021 with the B.1.1.7 (Alpha) variant [7], and a third wave between August
2021 and March 2022 characterized by B.1.617.2 (Delta) variant [8] at first, but was then
quickly surmounted by B.1.1.529 (Omicron) variant [9]. Omicron BA.1, and even more so
BA.4 and BA.5, have many different mutations, particularly in the Spike protein [10] which
has been used to generate most of the recombinant vaccines. Nevertheless, the vaccine has
been shown to also generate neutralizing antibodies to the Omicron VOC, however with
different efficiency among the vaccinated population [11]. While the protection against
severe disease caused by Delta variant is around 84.9% to 90.3%, the effect against Omicron
drops to a range between 56.5% to 82.4% [12]. Therefore, an important question is whether
there is a level of antibodies correlating with protection against disease from the very
contagious Omicron VOC. We analyzed the entire population of 4354 healthcare workers
(HCW) from 7 different humanitas hospitals in Lombardy, Italy. HCW were monitored for
the development and duration of the immune response after vaccination and for infection
with SARS-CoV-2. We found that a lower level of IgG, younger age, and the presence
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of allergies correlated with increased infection during the Omicron wave. Interestingly,
infections correlated with antibody titers below 350 BAU/mL.

2. Materials and Methods

This is a longitudinal study on 4354 healthcare workers (HCW) from 7 different
healthcare facilities in Lombardy, Italy. Subjects were vaccinated with the first two doses
of BNT162b2 (Comirnaty) mRNA vaccine in the period of January and March 2021. Each
subject underwent blood sample for quantitative anti-SARS-CoV-2 IgG serum level between
9 September and 7 October 2021 (6–8 months after the second dose), performed with
LIAISON SARS-CoV-2 TrimericS IgG (DiaSorin), a quantitative CE-marked assay for the
detection of IgG antibodies recognizing the native trimeric Spike glycoprotein of SARS-
CoV-2 [13]. The levels of IgG antibodies are expressed in Binding Antibody Units per
milliliter (BAU/mL). Samples ≥ 33.8 BAU/mL were considered positive according to the
technical documentation of the manufacturer. Each participant received a third dose of
the vaccine between September 2021 and February 2022, and was asked to fill in a survey
including demographics, comorbidities, SARS-CoV-2 related symptoms and their duration,
and vaccination status between February and March 2022.

After considering all the variables of interest (Sex, Age, BMI and COVID-19 history),
the compilation of the questionnaire and the administration of a third dose of vaccine,
we analyzed 2329 subjects of which 288 (12.4%) with a SARS-CoV-2 infection between 1
January 2022 and 1 March 2022 (Omicron wave).

The descriptive information of the study cohort is reported in Table 1. We used the χ2

test to evaluate the association between categorical variables, t-test (two-sided) or Mann–
Whitney test (two-sided) were applied in normally or non-normally distributed continuous
variables, respectively (Shapiro–Wilk test, significance p < 0.05). Significance threshold was
set to 0.05.

Table 1. Demographic information of the study population.

Overall Omicron Infection Non-Omicron
Infection p-Value

Total 2324 288 2036
Males (n, %) 638 (27.5%) 65 (22.6%) 573 (28.1%)

0.056Females (n, %) 1686 (72.5%) 223 (77.4%) 1463 (71.9%)
Age (mean, SD) 45.3 (12.7) 42.6 (11.0) 45.7 (12.7) <0.001

Body Mass Index (mean, SD) 23.8 (4.0) 23.4 (3.7) 23.9 (4.1) 0.076
IgG level (mean, SD) 626.5 (639.0) 482.4 (502.3) 646.9 (653.6) 0.003

Allergy (n, %) 783 (33.7%) 119 (41.3%) 664 (32.6%) 0.004
Previous SARS-CoV-2 Infection (n, %) 398 (17.1%) 36 (12.5%) 362 (17.8%) 0.032
Days between IgG sampling and 3rd

dose (mean, SD) 49.5 (18.4) 47.5 (16.5) 49.8 (18.7) 0.129

In order to test the association between IgG levels and risk of getting infected during
the Omicron wave, we evaluated a multivariate logistic regression model including mea-
sured IgG and sex, age, history of SARS-CoV-2 infection, allergies, body mass index (BMI),
and the days between IgG sampling and third dose of vaccination as possible confounding
variables. IgG levels, age, and BMI variables were standardized using Z-transformation,
resulting in null mean and unitary standard deviation. Therefore, odds ratios for IgG levels,
age, and BMI are related to a unitary standard deviation increase, respectively equal to
639 BAU/mL, 12 years and 4 kg/m2. Reference baseline model consists of female subjects,
without allergies and without any history of previous SARS-CoV 2 infections, at average age
(45 y.o.), BMI (23.8 kg/m2), and IgG levels (626 BAU/mL). Finally, we repeatedly tested the
association of several thresholds of IgG moving from 100 BAU/mL to 2000 BAU/mL with
step equal to 50 BAU/mL to have an estimate of the optimal threshold of IgG associated
with the infection (significance was set to p < 0.01 to account for multiple testing).
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3. Results and Discussions

We analyzed the occurrence of SARS-CoV-2 Omicron infection in relation to IgG levels
when accounting for sex, age, history of SARS-CoV-2 infection, allergies, BMI, and for the
days between IgG sampling and administration of the third dose (Table 1). On average,
subjects tested positive to SARS-CoV-2 after 69 (±21) days after the administration of
the third dose. Univariate testing of infection showed significant association with age
(p < 0.001), IgG level (p = 0.003), allergy (p = 0.004), and history of COVID-19 (p = 0.032).

From the logistic regression analysis (Table 2), the presence of allergies (OR 1.40, 95%
CI 1.08–1.80, p = 0.010), age (OR 0.75, 95% CI 0.66–0.86, p < 0.001), and IgG level (OR 0.74,
95% CI 0.62–0.87, p < 0.001) were strongly associated with the Omicron infection. The
repeated logistic regression analysis including different thresholds of IgG levels shows
significant associations (p < 0.01) starting from IgG ≥ 350 BAU/mL with odds ratios
consistently and significantly smaller than 1, as shown in Figure 1.

Table 2. Results of multivariate logistic regression for Omicron Infection.

Features Odds Ratio (95% CI) p-Value

Intercept 0.16 (0.11–0.25) <0.001
Sex 0.76 (0.56–1.03) 0.079
Age 0.75 (0.66–0.86) <0.001

Body Mass Index 0.97 (0.85–1.11) 0.633
Allergy 1.40 (1.08–1.80) 0.010

IgG level 0.74 (0.62–0.87) <0.001
Previous SARS-CoV-2 Infection 0.85 (0.57–1.26) 0.416

Days between IgG sampling and 3rd dose 0.99 (0.99–1.00) 0.194
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Figure 1. Odds ratios (OR) (black line) and 95% confidence interval (blue lines) obtained while var-

ying the IgG threshold (BAU/mL) and testing its association with an Omicron infection. The red line 

and green dots represent the odds significantly different from 1 (dashed line), respectively, with p < 

0.05 and p < 0.01. 
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Figure 1. Odds ratios (OR) (black line) and 95% confidence interval (blue lines) obtained while
varying the IgG threshold (BAU/mL) and testing its association with an Omicron infection. The red
line and green dots represent the odds significantly different from 1 (dashed line), respectively, with
p < 0.05 and p < 0.01.

These results support previous data showing that the vaccine against the wild-type
version of the SARS-CoV-2 virus induces antibodies capable of neutralizing even the
Omicron VOC [11,14–17] which carries more than 30 new mutations. We also show that
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infections during the Omicron wave occur in individuals with level of circulating anti spike
IgG antibodies below 350 BAU/mL. Not surprisingly, this number is higher than the one
we found during the previous SARS-CoV-2 VOC infections (around 100 BAU/mL) [18].
Indeed, in another study, it has been shown that the level of neutralizing antibodies, after
vaccination with the wild-type SARS-CoV-2-directed mRNA vaccines, to Non-Omicron
SARS-CoV-2 VOC is very similar to that towards the wild-type variant with a fold reduction
of only 2.8 for Alpha, 6.9 for Beta, 5.4 for Gamma, 3.5 for Delta, 4.3 for Zeta, while that to
Omicron was much lower (85.7 fold reduced) with 30% of individuals with no neutralizing
antibodies to Omicron at all [11]. Of note, in the latter study the tests were performed
on sera collected 30 days from the second vaccination dose, thoughit has been shown
that the highest protection against symptomatic omicron infection is obtained after the
third dose [17,19]. Indeed, a recent paper has reported that individuals boosted with the
third dose of mRNA-based COVID-19 vaccine display potent neutralization of Omicron,
only 4–6 fold lower than the wild-type [17]. To this extent, the chances of encountering
neutralizing antibodies to Omicron after two doses of the vaccine is low, and in individuals
with a higher serum level of antibodies, the chance of having developed antibodies to the
Omicron VOC increases. Our results suggest that individuals with levels of anti-spike IgG
antibodies below 350 BAU/mL, as measured with our test, have higher risk of infection
despite having received the third dose, suggesting that below 350 BAU/mL of anti-spike
IgG antibodies it is unlikely to find anti-Omicron neutralizing antibodies capable to protect
from infection. Consequently, an increase of antibody levels via an additional booster dose
would be important to avoid infection regardless of its tailoring towards a specific variant.
Indeed, if it is confirmed that the new variant-modified COVID-19 vaccine boosters do not
seem to favor the induction of an immune response specific against Omicron VOC, any
fourth dose of the COVID-19 vaccine would still be desirable [20].

It should also be noted that 350 BAU/mL should not be considered as a threshold
for vaccinating individuals, as other VOC may arise in the meantime. Indeed, in a previ-
ous study on immunocompromised individuals, we identified a protective threshold of
100 BAU/mL, which was related to a different VOC [18]. The continuous evolution of new
VOC makes it particularly difficult to identify a threshold of protection as it varies accord-
ing to the circulating virus, and to quantify the individual chances of having generated a
more extensive repertoire which covers also new VOC.

The main limitation of this study is the assumption that during the period of analysis
all the infections were due to Omicron. However, this is a controlled guess, as the Italian
observatory of COVID-19 infections has shown that Omicron was the primary VOC (>88%)
in the period of analysis.

Finally, we tested antibodies to the wild-type form of the SARS-CoV-2 spike protein as
these are induced with the vaccine. A test directed to the spike protein of the Omicron may
most likely highlight different antibody levels correlating with infection.
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