
Clinical Immunology 229 (2021) 108765

Available online 2 June 2021
1521-6616/© 2021 Elsevier Inc. All rights reserved.

Full Length Article 

Effective DNA damage response after acute but not chronic immune 
challenge: SARS-CoV-2 vaccine versus Systemic Lupus Erythematosus 

Panagiotis A. Ntouros a,*, Nikolaos I. Vlachogiannis a, Maria Pappa a, Adrianos Nezos b, 
Clio P. Mavragani b, Maria G. Tektonidou a, Vassilis L. Souliotis a,c,1, Petros P. Sfikakis a,*,1 

a First Department of Propaedeutic Internal Medicine and Joint Rheumatology Program, National and Kapodistrian University of Athens Medical School, Athens, Greece 
b Department of Physiology, National and Kapodistrian University of Athens Medical School, Athens, Greece 
c Institute of Chemical Biology, National Hellenic Research Foundation, Athens, Greece   

A R T I C L E  I N F O   

Keywords: 
SARS-CoV-2 
Influenza 
Vaccination 
Acute immune activation 
Chronic immune activation 
Type I interferon 
Oxidative stress 
DNA damage response 

A B S T R A C T   

Whether and how an acute immune challenge may affect DNA Damage Response (DDR) is unknown. By studying 
vaccinations against Influenza and SARS-CoV-2 (mRNA-based) we found acute increases of type-I interferon- 
inducible gene expression, oxidative stress and DNA damage accumulation in blood mononuclear cells of 9 
healthy controls, coupled with effective anti-SARS-CoV-2 neutralizing antibody production in all. Increased DNA 
damage after SARS-CoV-2 vaccine, partly due to increased oxidative stress, was transient, whereas the inherent 
DNA repair capacity was found intact. In contrast, in 26 patients with Systemic Lupus Erythematosus, who served 
as controls in the context of chronic immune activation, we validated increased DNA damage accumulation, 
increased type-I interferon-inducible gene expression and induction of oxidative stress, however aberrant DDR 
was associated with deficiencies in nucleotide excision repair pathways. These results indicate that acute im
mune challenge can indeed activate DDR pathways, whereas, contrary to chronic immune challenge, successful 
repair of DNA lesions occurs.   

1. Introduction 

Vaccination constitutes an essential way to restrain the spread of 
severe infectious diseases, which impose a potentially serious threat to 
public health. Life-threatening diseases like smallpox have been eradi
cated, while others like polio, tetanus, diphtheria, and measles have 
been significantly restricted, since vaccination implementation [1]. 
Especially, in the case of influenza, annual vaccination is the most 
effective protection. When the circulating strain matches the strains 
included in the Influenza vaccine, vaccination can reduce serious illness 
probability by 40–60% [2]. 

At the end of 2019, a new pathogen imposed a major threat to public 
health [3]. Severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV-2) caused an outbreak of viral pneumonia, a disease known as 
Corona Virus Disease-2019 (COVID-19). COVID-19 was declared a 
pandemic in March 2020 causing more than 2.5 million deaths world
wide and a major socio-economic impact [4,5]. To confront this critical 
need, a plethora of vaccination technologies are being tested against 

SARS-CoV-2. The newer mRNA (Pfizer/BioNTech, Moderna) and 
adenovirus-based (AstraZeneca/Oxford) vaccine platforms have been 
licensed for use in humans, while other technologies, i.e. inactivated 
viruses and recombinant protein-based vaccines (Sanofi, Novavax, 
Sinovac and GSK), are currently being tested [6,7]. 

Vaccination effectiveness is significantly influenced by the immu
nological cellular response to vaccine antigens. After vaccination, innate 
immune response is temporarily activated. Type I interferons (IFN), 
which are key mediators of antiviral innate immune response, have been 
shown to be transiently increased after vaccination against viruses like 
Influenza [8,9]. This acute innate immune activation is thought to be of 
great importance, since type I interferon induction can activate the 
adaptive immune response and influence the neutralizing antibody 
production [10]. 

Oxidative stress, an imbalance between the oxidant and antioxidant 
mechanisms after exposure to deleterious stimuli, plays a pivotal role in 
the pathogenesis of viral infections. Acute immune activation following 
a viral infection is associated with increased oxidative stress, as a result 
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