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ABSTRACT

COVID-19 is a serious disease that has infected more than 40 million people. Beside significant mortality, the SARS-CoV-2 infection causes considerable and sustained
morbidity, dubbed long COVID. This paper argues that some of this morbidity may be due to a persistent systemic infection. Persistent infection is indicated by
continued virus RNA shedding. The virus’ superantigen could overstimulate anti-virus immune responses, and thereby induce negative feedback loops, that para-
doxically allow the virus to persist. The superantigen would induce strong immune response to any residual infection. This hypothesis suggests that clearing the virus

infection completely would be an appropriate intervention against long COVID.

Introduction

In less than one year, COVID-19 caused by SARS-CoV-2 has emerged
to a worldwide major health threat [1], with 40 million documented
cases and over 1.1 million documented fatal cases [2]. Currently, about
300,000 and rising new cases are identified every day, while the daily
deaths are stabilized at about 6000. The estimated infection fatality rate
(IFR) is 0.68% (0.53-0.82%) for the overall population, and below 0.2%
for those under 60 years old [3].

While mortality after SARS-CoV-2 infection is low, 87% of hospi-
talized patients had prolonged symptoms two months after the disease
[4]. The prolonged symptoms of Long COVID [5], are not only seen in
people with severe disease, but also in patient with mild disease [6,7].
Delayed recovery after disease is not unique to COVID-19, but seen after
several other virus infections [8]. Complications of COVID-19 can affect
a multiple physiological systems, i.e. immune system, neurologic, car-
diologic, respiratory, cutaneous, hepatic, renal and pancreatic (diabetes)
function [9-12].

Three different mechanisms could be hypothesized to play a role in
long COVID-19: (i) post-viral fatigue syndromes [13-15], (ii) autoim-
munity [16,17], and (iii) persistent virus infection (this paper). The
symptoms are more diverse and intense than those reported in general
post-viral fatigue syndromes. Autoimmunity requires cross-reactive
antigens, and some putative candidates have been identified [18,19].
Further research will identify these antigens. Cross-reacting antigens is
not sufficient for the development of autoimmunity, the immune system
should signal danger as well. Cell damage or direct activation could
induce maturation of dendritic cells [20]. A persistent virus infection
could induce both cell damage and direct activation of dendritic cells,
which could lead to autoimmunity. But from an immunologic
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perspective persistent infection and autoimmunity are two clearly
distinct mechanisms that could be caused by SARS-CoV-2 [21].

In brief, a persistent infection could explain the symptoms of long
COVID. This paper investigates how SARS-CoV-2 could cause a persis-
tent infection.

Outline of the hypothesis

Superantigens are described for SARS-CoV-2 [22,23], and super-
antigens are known to cause cytokine storm, by a polyclonal T cell
activation [24]. SARS-CoV-2 induces a very strong immune response
[25], which could be due to its superantigen(s). Down regulation of the
immune system by corticosteroid treatment reduces mortality in severe
COVID-19 [26], indicating the need for immune suppression. In most
patients down-regulation of superantigen responses occurs naturally,
and therefore superantigen-induced immune responses are all but effi-
cient in generating immune response [27]. The negative immunological
feedback loop could allow the virus to reproduce in the body, especially
where the immune response is relatively weak. Fig. 1 shows the delicate
balance between immune activation and suppression in case of a
superantigen infection.

Immune suppression, as induced by its superantigens, might be
crucial for SARS-CoV-2 to establish persistent infections. Many RNA
viruses can cause persistent infections [28]. Routine clinical practice,
only tests for SARS-CoV-2 in samples from the (upper) respiratory tract.
It should be noted that SARS-CoV-2, like many other viruses, can cause a
dispersed infection [29], possibly by antibody-mediated infection [30].
The virus superantigen would cause a strong immune response to any-
where in the body, where it would be produced.
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Fig. 1. Antiviral immune responses by antigens and superantigens. Simplified representation with T lymphocytes as representatives of the orchestration of antigen-
specific immune responses. A. Normal viral antigens are presented by Dendritic cells (DCs) to T lymphocytes. (1) Only T cells with an antigen-specific T-cell receptor
(TCR) matching the peptide in MHC context are activated, and (2) have clonal expansion. The (3) expanded antigen-specific T-cell population results in effective
clearance of the virus. B. Superantigens are presented by DCs to T lymphocytes. (4) A large subgroup of T lymphocytes is activated, e.g. through their common V;
Receptor. Due to the binding to the outside of the TCR, this binding is independent of the specificity of the TCR. (5) A large group of activated T cells have clonal
expansion and is capable of (6) immune overreaction, i.e. sepsis. Due to the self-destructing nature of sepsis, (7) the immune response is downregulated by negative
feedback loops, e.g. by CD4"CD25" T, lymphocytes and interleukine-10 (IL-10). (8) The result is an partial effective immune response that allows virus persistence.
(9) The persistent virus infection reactivates the immune system, resulting in an ineffective, but tissue-damaging virus-immune reaction loop.

Evaluation of the hypothesis

Evidence for persistent infection is shown by prolonged viral shed-
ding in feces of several groups of patients [31-34]. Irrespective of their
mechanisms, persistent infections of SARS-CoV-2 are dispersed into
various organs [35,36]. These papers often show that persistent virus
infection might be missed by regular RT-PCR diagnosis based on sam-
pling in the nasopharyngeal and/or oropharyngeal cavity. Persistent
infections have also been described for a murine coronavirus, mouse
hepatitis virus (MHV) [37,38,39]. Just like, SARS-CoV-2, MHV contains
superantigen activity [40].

The SARS-CoV-2 virus has a long-term coexistence with immune
response in COVID-19 patients, indicating that immunity, in spite of its
severity, is not very effective [41]. A strong immune response by
superantigens could lead to incomplete immunity, as has been shown for
other respiratory viruses [42].

A persistent infection is a strong indication for incomplete immunity.
This is in accordance with the short-lasting protective immunity against
seasonal coronaviruses [43]. Several papers report early reinfection by
SARS-CoV-2, sometimes even more severe [44,45], suggesting that if
some immunity remains after an earlier infection, it is not of great
benefit to the host. This contra intuitive immunological finding fits
nicely with the characteristics of superantigens.

Consequences of the hypothesis

A persistent virus infection would imply persistent superantigen
exposure in the host. Chronic superantigen exposure induces systemic
inflammation, and has a possible role in the development diabetes [46].
Indeed the risk of developing diabetes after COVID-19 has been
described [12]. Also the development of cardiovascular disease could be
a morbidity due to COVID-19 [10,11]. Incomplete and/or short-lived
immunity also plays a crucial role in reinfection by SARS-CoV-2,

which could be more severe [44]. Diabetes and cardiovascular comor-
bidities cold worsen the outcome a reinfection [47], and also the
continued immunological exacerbation due to superantigen re-exposure
could contribute to a more severe outcome after reinfection.

Both a residual inflammation or an autoimmune reaction are unde-
sired immune reactions. Incomplete immunity could lead to a persistent
infection, with ongoing inflammation and the putative development of
autoimmune reaction as a result. For clinical-decision making, it is
invaluable to know whether symptoms are caused by a too strong im-
mune reaction or due to a persistent infection. In the first case, in-
terventions should aim at suppressing the immune responses, e.g. by
corticosteroids. In the later, it is suggested to boost anti-viral immunity
with type I Interferons, Interleukin-2 (IL-2), IL-7 or antivirals [48,49].
The argument of this paper is that fighting the persistent virus infection
would be the appropriate intervention in at least some cases. The virus
and/or immune status of the patient should be decisive for the choice of
intervention. The status of virus persistent may be hard to detect, as
currently there is not generic methodology for sampling from systemic
SARS-CoV-2 infections, that are absent from the nasopharyngeal and
oropharyngeal cavity. Immune-based clinical-decision making is not
new to immunologists [50], and formed the basis for personalized
medicine [51]. A similar immunology-based clinical-decision system
might be crucial to select the right treatment of long COVID patients.
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