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Abstract: (1) Background: After the COVID-19 pandemic, there is increasing concern regarding the
immunity of population to SARS-CoV-2 variants, particularly the Omicron variant and its sub-
lineages. (2) Methods: The study involved analyzing the immune response and symptomatology of
27 vaccinated individuals who were subsequently infected by Omicron sub-lineages. Blood samples
were collected for serological analysis, including the detection of IgG antibodies reactive to the
Nucleocapsid (N) and Spike (S) antigens of SARS-CoV-2. Additionally, participants were
interviewed to assess the intensity of symptoms during the infection. (3) Results: Despite the high
levels of anti-Spike IgG observed after vaccination, all participants were infected by Omicron sub-
lineages. The most common symptoms reported by participants were fever or chills, sore throat,
and cough. Surprisingly, the levels of anti-Spike IgG found prior to infection did not correlate with
symptom severity post-infection. However, it was observed that high post-infection anti-
Nucleocapsid IgG levels correlates with mild symptoms during the course of the disease, suggesting
a potential role for anti-N antibodies in disease resolution. (4) Conclusions: The high levels of IgG
anti-Spike resulting from vaccination may not provide complete protection against infection by the
Omicron variant. Additionally, our data suggest that anti-Nucleocapsid IgG titers are negatively
correlated with the intensity of the symptoms during mild infections. These findings underscore the
importance of ongoing surveillance of viral variants and continuous adaptation of vaccination
strategies to ensure efficacy against SARS-CoV-2 variants.
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1. Introduction

After more than three years since the onset of the COVID-19 pandemic, attention has turned to
the immunity of the population, either elicited by previous infections and/or by vaccination in light
of emerging SARS-CoV-2 virus variants. Observational studies and clinical trials confirm the
remarkable effectiveness of SARS-CoV-2 vaccines in preventing severe COVID-19 symptoms [1-7].
Quite remarkably, the levels of IgG antibody against the SARS-CoV-2 Spike protein seems to correlate
with protection against symptomatic or severe COVID-19 [8-10].

In our previous studies, we demonstrated the excellent performance of the Brazilian COVID-19
vaccination program in inducing humoral immunity as measured by the levels of IgG reactive to
SARS-CoV-2 Spike protein. We also reported a higher performance of the BNT162b2 vaccine (Pfizer-
BioNTech) in inducing anti-Spike IgG antibodies after the initial vaccination and booster dose in
comparison to other vaccines such as ChadoX and Coronavac [11], findings that have been confirmed
by other studies [12-14].
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It is important to note that the levels of IgG reactive to the SARS-CoV-2 Spike protein tend to
decrease after vaccination, which may result in reduction in protection against novel SARS-CoV-2
infections and symptomatic COVID-19 [15-18]. Similarly, although prior SARS-CoV-2 infection
provides protection against reinfection [19-21], such protection also gradually diminishes [15,22].

SARS-CoV-2 Variants of Concern (VOCs), especially those carrying amino acid substitutions in
the Spike protein, as observed in Omicron variants (B.1.1.529/BA, and sub-lineages BA.1, BA.2, BA 4,
and BA.5), have the potential to overcome adaptive immunity elicited against the original SARS-CoV-
2 epitopes [23,24]. Decreased vaccine-based protection has been reported for the Omicron variants,
which became dominant on a global scale [25,26]. In Brazil, since the beginning of 2022, the Omicron
variant and its sub-lineages have led to a significant increase in infection rates among fully
vaccinated, as well as on boosted individuals, due to their high transmission capacity and potential
for immune escape [27-29].

Infection by Omicron variants usually results in asymptomatic and/or mildly symptomatic
infections. The attenuation in the severity of symptoms observed in previously vaccinated
individuals, compared to those not vaccinated, is presumably attributed to the partial protection
provided by the residual repertoire of neutralizing antibodies (nAb) and the activation of the memory
of B and T cells acquired during the vaccination process [30,31]. Omicron variants may cause less
severe infections due to pre-mounted memory immunity and the predisposition of these variants to
primarily infect the upper respiratory tract [32,33]. Subtle clinical symptoms caused by Omicron
variants often result in underdiagnosis, contributing to continued global spread and evolution of
SARS-CoV-2 [34,35].

Despite comprehensive research on the impact of SARS-CoV-2 viral mutations and its
transmission capability [36-38], more data is needed to understand how the previous humoral
response, mounted against the original SARS-CoV-2 virus, correlates with infection and
symptomatology to emerging variants, such as Omicron.

Here we analyzed the symptomatology and IgG levels before and after SARS-CoV-2 Omicron
breakthrough infections in vaccinated individuals to understand the impact of previous immunity
on the symptomatology of Omicron sub-lineage infections.

2. Materials and Methods
2.1. Study Design

This case study is a follow-up to a previous populational analysis of the COVID-19 antibody
response [11,39]. Sampling campaigns took place between 2021 and 2022, at the Federal University
of Parand, Matinhos, Brazil. Individuals aged 18 and over were invited to participate in the study,
with the flexibility to choose when and with what frequency they would volunteer for the sampling
campaigns. Enrollments were done through the study’s website (http://200.17.236.32/covid19/).
Participants provided their consent, personal information, and details about positive COVID-19 tests
(if any), vaccination history (including the vaccine manufacturer), and dates of administered doses.

From a cohort of 1,785 individuals in the current study, we selected 27 individuals who
participated in at least three different sampling campaigns and underwent primary vaccination (1st
and 2nd doses) and at least one booster dose (3rd dose). The selected participants contracted SARS-
CoV-2 infection naturally after the primary vaccination and/or booster doses. The selected
individuals were invited to fill out a form detailing the type and intensity of the symptoms, if any
(Table S1). The sum of the intensity level of all symptoms was used to understand the severity of each
infection.

2.2. Serological Analysis

As detailed in our previous studies [11,39-41], serological analysis involved the collection of
blood samples through capillary puncture. The obtained serum was used to detect IgG antibodies
reactive to SARS-CoV-2 N and S antigens. The IgG titers were reported as normalized value in
relation to a reference positive serum. The serology positivity cut off was set to a specificity of >99.5%.
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2.3. SARS-CoV-2 Infection and Vaccination Events

The occurrence time of SARS-CoV-2 infections in volunteers was informed by the time of an
official positive RT-qPCR or antigen test, if available. We considered “possible SARS-CoV-2
infection” had occurred on those individuals who seroconverted to IgG reactive to Nucleocapsid
during this study. Individuals who seroconverted to anti-N IgG after receiving a shot of Coronavac
were excluded as this vaccine can result in Nucleocapsid seroconversion [42]. Although it is not
possible to determine the precise date of these possible infections, they were reported to occur ten
days before the detected anti-N IgG seroconversion. Vaccination of volunteers was reported on
graphics according to the date of each dose and respective manufacturer as reported by each
participant.

2.4. Variant Identification

For most of the individuals, the SARS-CoV-2 variant that caused the infection was presumed
based on the month of the reported infection, along with the data indicating the dominant variant
that circulated in the state of Parana, Brazil, during the infection event. The data was retrieved from
the Fiocruz Genomic Network - GISAID (https://www.genomahcov.fiocruz.br/ - Accessed in October
2023).

A sample from one individual, as detailed in the text, was subject to SARS-CoV-2 genome
sequencing using the Illumina platform. In brief, viral RNA was extracted from 0.2 ml of saliva
samples using an automated magnetic extractor and the MagMAX™ Pathogen RNA/DNA Kit
(Applied Biosystems™). Initial confirmation of SARS-CoV-2 in the sample was performed by RT-
qPCR using Kit Biomol OneStep/Covid-19 PCR Master Mix Reverse Transcription Kit (IBMP) on a
QuantStudio5 instrument (Thermo Fisher Scientific™). After confirming the presence of SARS-CoV-
2 by RT-qPCR, the extracted RNA was subjected to cDNA synthesis and amplification of the viral
genome by PCR in overlapping fragments of approximately 300 base pairs, with 2 primer pools
provided in the Illumina COVIDSeq Test kit (Illumina, CA, USA). The viral genome was sequenced
using reagents from the Illumina COVIDSeq Test kit and Nextseq 1000/2000 instrument (Illumina,
CA, USA).

The raw data was processed using the COVID Lineage pipeline on the Dragen analysis platform.
After quality control, the consensus sequence was assembly and mapped against the reference strain
(NC_045512.2) to determine the identity of the mutations. The classification of lineages followed the
dynamic classification system proposed by Rambaut and collaborators (2020) [43], through the
Phylogenetic Assignment of Named Global Outbreak LINages software, available at
(https://github.com/cov-lineages/pangolin) and also through NextClade. Definitive classification of
lineages was made after confirmation by phylogenetic analysis containing representative sequences
of the main circulating lineages.

2.5. Data Analysis

The statistical analyses were conducted using the software NCSS 11 and GraphPad Prism
(version 8.4.3). Analysis such as Spearman correlation, Tukey ANOVA and Kruskal-Wallis ANOVA
test was used as indicated in each figure.

3. Results
3.1. Cohort Description

Among the 1,785 participants from our previously populational studies we identified 27
participants who had been subjected to at least 3 rounds of serological analysis, had been fully
vaccinated and had a SARS-CoV-2 infection after completing the primary and/or booster vaccination.
This group had an average age of 40 years (SD 12; ranging from 19 to 74 years) with 70% being
women. All participants completed the primary vaccination for COVID-19 during the study, 81% had
taken the third and 19% up to the fourth booster dose. Vaccination schemes covered both homologous
and heterologous combinations from different manufacturers.
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Among the selected 27 individuals, 59% of the cohort underwent SARS-CoV-2 infections
according to official qRT-PCR and/or antigen tests, with all these individuals having symptomatic
infections. The remaining 41% of the individuals underwent asymptomatic SARS-CoV-2 infection,
which were detected by anti-N IgG seroconversion during the study. All, except one participant (code
B), seroconverted to anti-S IgG before the SARS-CoV-2 infection event. Relevant information from all
individuals is provided in Table S2.

3.2. Time Course IgG Titers, Variant and Disease Symptomatology

The time course, IgG titers and relevant events occurring in each individual are graphically
expressed in Figure S1. Specific examples, focusing on 4 individuals are shown, in Figure 1, two of
which were asymptomatic (panels A and B) and two were symptomatic for SARS-CoV-2 infection
(panels C and D). The x-axis shows the temporal analysis of each individual with infection and
vaccination events indicated by vertical lines. The anti-N and anti-S IgG titers followed the expected
pattern, with anti-S titers raised after a vaccination event; whereas both anti-S and anti-N levels
increased after an infection event. In the absence of further infection and/or vaccination both anti-S
and anti-N titers waned over time, with anti-N showing a steeper decrease so that it became
undetectable a few months after infection in most individuals (Figures 1 and S1).
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Figure 1. Evolution of IgG levels before and after SARS-CoV-2 breakthrough infections in vaccinated
individuals. The x-axis indicates the temporal analysis of each individual, infection and vaccination
events are indicated by vertical lines. Each vaccine dose and the vaccination scheme are reported
according to the initial letter of the vaccine’s name (A, for AstraZeneca, C for CoronaVac, ] for Janssen,
P for Pfizer). The anti-N (green) and anti-S (red) IgG titers are shown on the left y-axis, dashed lines
indicate the positivity cutoff. The right y-axis corresponds to time in days after infection (gray) or

administration of the last vaccine dose (blue), indicated by the vertical bars. A and B, asymptomatic
cases; C and D, symptomatic cases.
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Quite remarkably, the data depicted in Figures 1 and S1 shows that SARS-CoV-2 infections can
occur even in individuals who had high anti-S IgG titers before the infection. During the course of
the present study, all the vaccines in use in Brazil were produced based on the original Wuhan SARS-
CoV-2 strain. Several studies showed that emerging SARS-CoV-2 variants, particularly Omicron, can
escape the immune response which was elicited against the original version of the virus, considering
either natural infections and/or vaccination.

To determine which SARS-CoV-2 variant was causing the infections, the date of each infection
event was correlated with the predominant SARS-CoV-2 strain, with the predominancy data
obtained from the Fiocruz Genomic surveillance Network - GISAID
(https://www.genomahcov.fiocruz.br/ - Accessed in October 2023) (Figure S2). This analysis indicates
that the Omicron variant caused all the cases reported in this study, with estimated frequencies of
10%, 40% and 50% for the BA.1, BA.2 and BA.5 variants, respectively (Table S2).

A saliva sample collected during the active infection of one individual (Table S2, code N) was
subjected to SARS-CoV-2 genome sequencing which identified BA.2 (supplementary information) as
the infecting variant, corroborating the prediction based on strain predominance over time (Table
52). The genome sequence-based strain identification can also apply to individuals L, P and Y (Table
S2), since these cases were related to individual N (Figure S3).

Given that the cohort of this study had completed the vaccination scheme before being infected
with different SARS-CoV-2 omicron variants, it would be interesting to understand the severity of
the infection event. All the symptomatic participants answered a form where they rated nine different
COVID-19 related symptoms (Table S1) on a scale from zero (no symptoms) to 10 (most severe
symptom).

The three most common symptoms were: fever or chills; sore throat; cough; with average
intensity of 7.9, 6.8 and 6.7, respectively (Figure 2 and Table S3). The sum of the intensity of all the
symptoms was used as a proxy for the severity of each infection. The average was 42 (SD 13; ranging
from 22 to 69).
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Figure 2. Intensity of each of the COVID-19 symptoms reported by the participants on a scale from 0
to 10. The symptomatology described was based on the latest update from the Brazilian Ministry of
Health (September 2021). Data shows mean values, and SEM (standard error of the mean).

3.3. Correlation between IgG Levels and COVID-19 Symptomatology

Several studies indicate that anti-S IgG titers elicited in response to vaccination and/or to
previous infection correlate with protection against SARS-CoV-2 infections and symptoms. In this
context, it is important to ascertain whether the IgG elicited against the Spike antigen of the original
Wubhan isolate can provide protection against infections by emerging variants of concern, including
Omicron.

Within the cohort of this study, all except one participant (code B, Table S2), seroconverted to
anti-S IgG as a consequence of vaccination prior to SARS-CoV-2 infection (Figure 3). The average
anti-S IgG titer was 39.2 (SD 20), much higher than the assay cut-off which was 10. All 27 individuals
were negative for anti-N IgG before infection, with an average anti-N signal of 5.1 (SD 2.5). As
expected, all individuals seroconverted to anti-N IgG after infection, with an average anti-N signal
of 39 (SD 28) and showed higher average anti-S IgG titers, with an average signal of 64 (SD 15) (Figure
3).
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Figure 3. Correlation between (A) IgG Nucleocapsid (anti-N) and (B) Spike (anti-S) titers before and
after the last COVID-19 infection, comparing asymptomatic and symptomatic groups. The bars
represent the geometric mean with 95% CI, and the dashed line indicates the seropositivity cutoff

point according to the legend.

Quite remarkably, anti-S IgG titers before the infection were similar among the symptomatic
and asymptomatic groups (p = >0.99), with average anti-S IgG titers of 35 and 45, respectively. We
noted that even participants having high pre-infection anti-S IgG titers underwent symptomatic
infections (See Figure S1), thereby confirming SARS-CoV-2 Omicron variants were able to escape the
humoral response elicited against the previous version of the virus.

We sought to determine if there was a negative correlation between the anti-S IgG titer before
the infection and the severity of the symptoms. However, this was not the case (Figure 4B). This
finding again supports the conclusion that preexisting anti-S IgG levels correlate poorly with
symptomatology during infections caused by Omicron variants. There was also no correlation
between the COVID-19 symptoms and anti-S IgG titers after the infections (Figure 4C). Quite
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surprisingly, COVID-19 symptoms correlated with anti-N IgG levels detected after the infection
(Spearman r -0.55, p=0.03). Thus individuals with lower anti-N IgG levels after infection were the
ones who experienced the most intense COVID-19 symptoms (Figure 4A). This observation suggests
that human anti-N IgG antibodies may play an important role in resolution of the disease.
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Figure 4. Correlation between IgG titers reactive to Nucleocapsid (anti-N) and Spike (anti-S) before
or after the infection with the intensity of the symptoms. The severity of the infection was determined
by the sum of frequencies related to the self-reported intensity level (scale of 0 to 10) of each symptom
described by the participants od this study (Table S1). The graph indicates the Spearman correlation
coefficient with 95% CI.
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4. Discussion

Studies worldwide have indicated that the levels of human IgG antibodies, particularly those
reactive to the SARS-CoV-2 Spike protein, correlate with protection against novel infections and to
mild and severe COVID-19 [44-47]. However, other studies suggest that human anti-S IgG levels
wane over time and this may negatively influence protection [48,49]. Furthermore, it remains to be
determined to what extent the adaptive immunity response mounted against the original version of
SARS-CoV-2 may confer protection against emerging viral variants, such as Omicron [50]. This
manuscript provides insights into the symptomatology and anti-N and anti-S IgG levels before and
after SARS-CoV-2 Omicron breakthrough infections in vaccinated individuals.

Notably, all except one participant exhibited robust anti-S IgG titers post-vaccination, indicating
the effective priming of the immune system against antigens based on the original Wuhan SARS-
CoV-2 strain. However, the emergence of SARS-CoV-2 Omicron variants challenged the efficacy of
pre-existing immunity, leading to breakthrough infections despite high anti-S IgG titers detected in
the participants prior to infections (Figures 1 and S1). This data therefore implies that Omicron
variants are well adapted to circumvent preexisting IgG reactive to the original virus.

Data obtained by others indicate that anti-S IgG levels correlate with protection against SARS-
CoV-2 infections, with high IgG levels reducing the symptomatic infections and the possibility to
develop severe disease [44,45,51]. However, contrary to expectations, pre-existing anti-S IgG levels
did not correlate with symptomatology in our study (Figure 4B), nor prevent mild symptomatic
infections by the Omicron variants (Table S2), which has also been observed by others [52,53]. It is
worth mentioning that our data is based on a limited number of individuals that were infected by a
limited diversity of SARS-CoV-2 strains (Table S2), which may explain the differences in the results
observed in other studies. Furthermore, our study is limited by the fact that we did not encounter
any critical COVID-19 case in our selected cohort of individuals. Nevertheless, our data highlight the
importance of monitoring the spread of SARS-CoV-2 VOCs and the need to adapt vaccine
formulations to address these emerging viral variants.

One striking observation was the inverse correlation between symptom severity and anti-N IgG
levels (Figure 4A). Symptom variables and post-infection anti-N IgG titers were highly correlated
(Figure 4A. Spearman r -0.55), suggesting that anti-N antibodies may play a role in resolution of the
disease. Even though our study had a limited cohort, another study, using a larger cohort, also
observed that lower anti-N IgG titers were associated with longer symptom duration [54]. These
observations, which need to be confirmed by further studies, provides novel insights into the
relationship between the immune response and disease severity. Furthermore, such findings can help
to guide novel vaccine formulations to include the Nucleocapsid along with the Spike antigen in the
formulation.

In conclusion, this work provides an overview of Omicron breakthrough SARS-CoV-2 infections
in vaccinated individuals, providing insights into immune response dynamics, variant susceptibility,
and clinical outcomes which can guide future strategies to combat COVID-19.
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N, Tables S1 to S3 and Figures S1 to S3 are available online.
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