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DESCRIPTION
When compared to triple vaccination, SARS-CoV-2 Omicron 
vaccine breakthrough infections led to a better level of protection 
and helped the population develop herd immunity. It was 
examined the development of SARS-CoV-2-specific antibody and 
T cell responses during vaccination and during breakthrough 
infection in Bavarian residents between February 2021 and 
December 2022 to explore the underlying immunological 
processes. We also looked at the interval between the last vaccine 
and the first illness that manifested itself, as well as any 
subsequent infections. The peak neutralization titers against 
Wuhan, Delta, and Omicron BA.5 were considerably raised by 
each immunization, and the frequencies of circulating spike-
specific T cells also rose. Omicron BA.5 neutralization titers were 
most strongly related with a lower risk of SARS-CoV-2 infection 
following immunization. Including spike-specific T cell reactions. 
However, 97% of those who had three vaccinations contracted 
SARS-CoV-2, sometimes just a few months after the third shot.

By December 2022, virus-specific T cells had expanded their 
responses to non-vaccine-encoded antigens, increased the 
magnitude and breadth of neutralization, and were 88% effective 
in protecting against new infections. Then, using mathematical 
modeling that took into consideration the time-dependent 
infection risk in Bavaria as well as the antibody and T cell 
concentration at any stage after breakthrough infection, this 
effect was evaluated. Our research suggests that the decreased 
viral transmission seen in Bavaria in late 2022 and later was 
largely a result of the cross-variant protective hybrid immunity 
brought on by vaccination and breakthrough infection. In late 
2021, the SARS-CoV-2 Omicron strain first appeared and 
quickly gained ground. increased infection rates in populations 
with high vaccination coverage were the end outcome. In 
Germany, vaccination rates were increased in the fall/winter of 
2021 to reach around 63% of the population. Similar to this, a 
sizable segment of the Bavarian population, particularly healthcare

professionals, began receiving SARS-CoV-2 vaccines in the first 
half of 2021 and had a third RNA booster between October and 
December 2021, soon before Omicron emerged in Bavaria. 
Despite having a higher incidence of vaccination, SARS-CoV-2 
Omicron quickly replaced Delta by effectively spreading among 
those who had received vaccinations over the course of many 
waves until December 2022, despite having a reduced risk of 
severe COVID-19. Since then, the reported case numbers have 
sharply decreased and have stayed at a low level, as starting in 
2023. Modeling the impact of pre-existing nucleocapsid-specific T 
lymphocytes on the viral load in the upper respiratory tract after 
a hypothetical re-infection with a form of the SARS virus that is 
resistant to neutralization.

It was used as a linear mixed-effects model previously reported to 
calculate the impact of circulating SARS-CoV-2-specific T cells on 
the upper airway viral load (UA-VL) during an imagined second 
infection with a virus strain that is entirely neutralization 
resistant. In the estimated viral load levels during 7 days of 
secondary infection are schematically compared for patients with 
and without pre-existing memory SARS-CoV-2 N-specific CD4 + 
T cells. We have estimated the frequency of pre-existing N-
specific T after a fictitious second infection 180 days after the 
original BTI using measurements from this study. A decrease in 
UA-VL between 7.3% and 23.0% is projected assuming that no 
expansion of pre-existing N-specific T cells occurred upon second 
infection (i.e., the fold expansion is equal to one). We have 
looked at the effects of the extremely varied growth of pre-
existing influenza M and N-specific T lymphocytes, which was 
found during human influenza challenge trials with an average of 
tenfold at day seven (24). Our model predicts that a projected 10-
fold increase in N-specific CD4 + T cells might, on average, lower 
acute infection UA-VL by 77.5% (53.0%-92.7%) compared to 
previously non-exposed people. In conclusion, a first BTI is 
anticipated to trigger pre-existing N-specific CD4 + IFN+ T cells, 
which are likely to be associated with a as compared to the initial 
infection, the acute phase viral load is reduced many times.
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