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Abstract: SARS-CoV-2, the virus that causes theCOVID-19 disease, has been demonstrated to cause immune
suppression in certain individuals. This can manifest as a reduced ability for the host's immune system to
effectively control the infection. Studies have reported that patients with COVID-19 can exhibit a decline in
white blood cell counts, including natural killer cells and T cells, which are integral components of the immune
system's response to viral pathogens. These cells play critical roles in the immune response to viral infections,
and their depletion can make it harder for the body to mount an effective defense against the virus.
Additionally, the virus can also directly infect immune cells, further compromising their ability to function.
Some individuals with severe COVID-19 pneumonia may develop a "cytokine storm," an overactive immune
response that may result in tissue damage and organ malfunction. The underlying mechanisms of immune
suppression in SARS-CoV-2 are not entirely comprehended at this time, and ongoing research is being
conducted to gain a more comprehensive understanding. Research has shown that severe SARS-CoV-2
infection promotes the synthesis of IgG4 antibodies. In this work, we propose the hypothesis that the IgG4
antibody produced by B cells in response to infection by SARS-CoV2 generates immunological tolerance that
prevents its elimination, and leads to persistence and chronic infection. In sum, we believe that this constitutes
another immune evasion mechanism that bears striking similarities to that developed by cancer cells to evade
immune surveillance.

Keywords: SARS-CoV-2; IgG4; Tregs; long COVID; immune tolerance

1. Introduction

Viruses are extremely complex molecular entities that can go through intra-host evolution to
evolve tactics that successfully subvert the host immune system and sustain chronic infection by
constantly reproducing, creating latent reservoirs, or merging into the genome of the host cell. The
virus's persistent immune stimulation and/or pathologic effects will last until the infection resolves
or the host is killed if the immune system is unable to eliminate the virus [1]. Some viruses can persist
within a host for long periods by establishing a balance with the host's immune response. This is
known as a “metastable virus-host immune response interaction equilibrium”. Examples of such
viruses include the hepatitis B virus (HBV), the human immunodeficiency virus (HIV), and the
hepatitis C virus (HCV). These viruses have the ability to evade the host's antiviral immunity by
remaining in a latent state within host cells, which enables them to avoid identification and
destruction by the immune system of the host. This allows the virus to persist within the host for
prolonged periods, making it difficult to eliminate the infection [2].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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In support of the possibility that SARS-CoV-2 could also establish this persistence within the
host, it has been recently reported that a small number of COVID-19 patients appeared to heal from
acute disease, but still progressed in their condition and eventually died [3]. Autopsies were
conducted on 27 patients who appeared to have recovered from COVID-19 but whose clinical
conditions had gotten progressively worse, regardless of nasopharyngeal swab viral negativity or
PCR tests. Notwithstanding the notorious virological recovery, pathological changes in the lungs
was comparable to that detected in acute COVID-19 patients. Forensic analysis of the lungs indicated
that pneumonia was frequently the main cause of death. This research demonstrated that these
individuals still had cells infected with SARS-CoV-2 in their lungs, specially in the para-bronchial
glands and bronchial cartilage, notwithstanding the negative results in tests. This substantiates the
hypothesis that such patients did not completely recovered from the infection. The lack of SARS-
CoV-2 in the respiratory epithelium may explain why these patients appeared negative in PCR tests
conducted on bronchoalveolar lavage [3]. It is also possible that the observed symptoms were caused
not by the virion itself but by the viral S and/or N proteins that stimulated some subtype of
marcorphages, which realsed pathological mediators and cutokines.

2. IgG4 antibodies induced by SARS-CoV-2 may help it to evade the immune system

Human Immunoglobulin G (IgG) consists of four subcategories (IgGl, IgG2, IgG3, and IgG4),
which being highly conserved, differ in their constant regions, particularly in their hinges and upper
CH2 domains, and are distinguished by the immunogenicity of their heavy chains [4-6]. It has been
demonstrated that intrinsic characteristics of the antibody immune response, such as the antigen
specificity, antigen persistence, antibody glycosylation, antibody affinity, antibody avidity,
neutralizing antibody, and immunoglobulin (Ig) G subclass; i.e., specific characteristics that primarily
determine the antibody durability and neutralization capacity, affect the course of SARS-CoV-2
infection and COVID-19 clinical prognosis [7-10]. A poor COVID-19 clinical evolution partly relies
on an unbalanced antibody response, resulting in the increased systemic inflammation due to the
defective viral neutralization [8].

There are not many publications on IgG4 production following SARS-CoV-2 infection. The IgG1
and IgG3 subclasses were the most prevalent in the COVID-19 patients [10-12]. Since IgG4 was not
expected to have a role in this viral infection, many published work did not included it during
estimation, especially during 2019- 2022. It has been reported that Omicron breakthrough infections
further increased IgG4 production in three times mRNA-vaccinated individuals, showing that SARS-
CoV-2 infection can also stimulate IgG4 synthesis [13].

A recent study sought to determine whether there would exist a connection among COVID-19-
associated mortality and IgG subclasses given their various inflammatory qualities. A hospital in
Italy received 138 patients with COVID-19 (41 females, 31.3%) with COVID-19 from June to December
2020. Daily data collection was used to continuously follow up on these patients. IgG1, IgG2, IgG3,
and IgG4 subtypes were all increased at baseline in 8 (6%), 6, (5%), 6 (5%), and 13 (10%) individuals,
respectively. 30 patients (23% of the total) passed away after 30 days [14]. Interleukin (IL)-6, C-
reactive protein (CRP), and serum IgG4 levels were significantly higher in non-survivors. Notably,
an IgG4/IgG1 ratio > 0.05 and a serum IgG4 concentration > 700 mg/dl were linked to a considerably
higher 30-day death rate, and serum IgG4 concentration was observed to be significantly associated
with IL-6 levels [14], a recognized forecaster of COVID-19-linked mortality [15-17], and which
synthesis is induced by the open reading frame protein 8 (ORF8) from SARS-CoV-2 [18]. It is also
known that IL-6 raises serum levels of IgG4 and other IgG subtypes [19,20]. However, we should also
mention here that although Della-Torre et al. reported a compelling story showing that the serum
IgG4 levels can potentially predict COVID-19 related mortality [14], it was also indicated [21] that
this conclusion could be considered as quite far-reaching due to the low number of enrolled patients
(128 participants) and the unique properties of IgG4 protein, levels of which may vary significantly
in healthy individuals [22].

According to the research that is currently accessible, IgG4 antibodies could aggravate COVID-
19 cases via at least two pathways [14]. One hypothesis is that individuals with high IgG4 levels may
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be more susceptible to the SARS-CoV-2 infection because anti-spike IgG4 has demonstrated weak in
vitro neutralizing ability compared to IgG1, IgG2, and IgG3 antibodies [13]. On the other hand, the
anti-IFN-y auto-antibodies were identified as IgG4 subclass in people with adult-onset
immunodeficiency similar to advanced HIV infection. Researchers detected a disproportionately
high concentration of anti-IFN-y auto-antibodies in 88% of Asian adults with numerous
opportunistic infections [23]. It is therefore probable that the anti-IFN antibodies linked to decreased
anti-SARS-CoV-2 immunity and potentially fatal COVID-19 pneumonia may be an IgG4 subclass
[14]. From the start of the COVID-19 pandemic, several studies have found a relationship between
preexisting autoantibodies against type I IFNs and the severity of COVID-19 [7,24-26], and these
autoantibodies can inhibit the effectiveness of the corresponding type I IFNs to prevent SARS-CoV-
2 infection in vitro [7] and in vivo. Although SARS-CoV-2 infection induces the synthesis of IgG4, in
about 10 % of severe cases of COVID-19 pneumonia, the patients had high pre-existing levels of
neutralizing auto-antibodies against type I IFNs, wich were responsible for the severity of the
disease [7].

Importantly, it has been demonstrated that IFNvy significantly inhibits IL-6-induced Ig secretion
[19]. This evidence suggests that in non-complicated COVID-19 cases, IFNY is able to halt excessive
IL-6 production. However, in severe cases, pre-existent autoanti-IFNy antibodies contribute to a
severe clinical course because these auto-antibodies block the normal INFy function. In such
conditions, SARS-CoV-2-induced IL-6 release rises uncontrolled, thus contributing to the
development of the cytokine storm associated with severe cases of COVID-19, being one of many
strategies for induction and propagation of cytokine storm.

A prospective study demonstrated that blood IgG4 levels reflect a poor COVID-19 prognosis.
That research identified IgG4 antibodies as a potential additional underappreciated characteristic of
antibody response against SARS-CoV-2 related to COVID-19 prognosis [14]. Another study found
that patients with COVID-19 who passed away between 8-14 and 15-21 days also had higher anti-
RBD (receptor binding domain) IgG4 levels than those who recovered (P <0.05), proposing that some
individuals who are in a life-threatening condition can trigger an IgG4 to RBD antibody response in
the first weeks after the appearance of symptoms [11]. In that investigation, more than half of the
blood samples from patients who died tested positive for IgG4 antibodies; in contrast, the majority
of patients who recovered from COVID-19 tested negative for IgG4 throughout the same period [11].

The principal antibody responses to many viral illnesses are mainly represented by the IgG1 and
IgG3 subclasses [27,28]. More recently, these subclasses have also been linked to the SARS-CoV-2
infection [29,30]. On the other hand, it was pointed out that IgG4 generally represents a minor
component of the total immunoglobulin response and is mostly induced in response to continuous
antigenic stimulation [31]. In fact, in viral respiratory illness, IgG1 and IgG3 responses are connected
to immunological processes like viral neutralization, opsonization, and complement activation [27].
One research group examined the SARS-CoV-2 RBD IgG isotypes in sera from non-critical COVID-
19 patients. As predicted, a strong IgG1 and IgG3 antibody response specific to RBD predominated
in contrast to weaker IgG4 responses [11]. Similar to these results, it was shown that non-severe
COVID-19 patients evaluated in the USA generated RBD-specific IgG1 and IgG3 early during acute
infection with no discernible IgG2 or IgG4 production [29]. Comparable antibody reactions with
significant IgG1 and IgG3 reactivity in sera from individuals who tested positive for SARS-CoV-2
infection were also documented in Italy [30]. On the other hand, it was also indicated that SARS-CoV-
2 infection induces IgG4 production, and high serum IgG4 concentration > 700 mg/dl were linked to
a considerably higher 30-day death rate, and it was significantly correlated with IL-6 levels [14], a
known forecaster of COVID-19-related mortality [15-17]. We suggest that the IgG4 antibodies
induced by infection with SARS-CoV-2 exacerbate a pre-existing condition with elevated levels of
IgG4 autoantibodies in some individuals, thus complicating the clinical outcome and causing a higher
mortality rate.
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3. Mechanisms of the IgG4-induced immune evasion in SARS-CoV-2 infection

In this work, we propose the hypothesis that SARS-CoV-2 induces IgG4 synthesis to promote
immune tolerance, thus evading immune surveillance and permitting unopposed viral replication.
To gain insights into how IgG4 could be associated with a virus-induced immune suppression
mechanism, it is necessary to comprehend how this antibody is produced, which cells produce it, and
what the other immune mechanisms involved are. IgG4 is known to be produced by a variety of
immune cells, including T helper 2 (Th2) cells, regulatory T cells (Treg), and regulatory B cells (Breg)
when the cytokine IL-10 levels are elevated [32]. Regulatory T cells (Tregs) are necessary to preserve
immunologic homeostasis, self-tolerance, and to stop uncontrolled immunological reactions [33].
Through a variety of effector pathways, Tregs control the activity of various innate and adaptive
immune system branches [34]. Additionally, specific populations of "tissue Tregs" regulate
homeostasis in a variety of nonimmunological tissues, reducing inflammation and fostering proper
tissue regeneration [35]. Tregs, on the other hand, can be harmful, as indicated by their suppression
of efficient cytotoxic responses in cancer, where they assume a unique phenotype [36-38]. They may
also produce contradictory outcomes on antiviral responses [39,40].

In severe COVID-19 patients admitted to the intensive care unit (ICU), increased numbers of
Tregs were found, and these cells expressed high levels of the transcription factor FoxP3, which were
associated with negative results. These aberrant Tregs contribute to COVID-19 physiopathology, as
patients with fewer Tregs and FoxP3 had better clinical outcomes [41]. Interestingly, these abnormal
T-regs had a startling resemblance to T-regs that infiltrate tumors and suppress anticancer responses.
These findings imply that Tregs may have negative effects on COVID-19 by inhibiting antiviral T-cell
responses through the disease's acute phase and by directly promoting inflammation. The increase
in Tregs was induced by IL-6 [41], a cytokine-induced by the ORF8 protein from SARS-CoV-2 [18].
IL-6 is necessary to increase the immune suppression ability of the RORy* Treg subpopulation [42].

All these data suggest that SARS-CoV-2 has developed another immune evasion mechanism
that is very similar to that of cancer cells by promoting RORy* Treg-mediated immune tolerance. In
the previously cited study [41], researchers focused their investigation on elements that Tregs may
coincide in both malignancies and SARS-CoV2 infection. One such component was hypoxia, which
is a characteristic of cancers and a significant contributor to severe COVID-19 [43] and can enhance
Treg suppressive activity [44]. Accordingly, significant levels of lactic acid are found in COVID-19
patients [45], as well as in tumors, where they have been shown to impact Tregs function [46]. Finally,
since all samples from severely affected patients profiled were obtained during the cytokine storm
phase, it is possible that COVID-19 Tregs excessively inhibit the antiviral response, leading to a
secondary re-expansion of the disease. This possibility is supported by the overexpression of FoxP3
and Treg effector molecules as well as by their resemblance to suppressive tumor Tregs [41].

4. Conclusions

To combat infections, the immune system has developed a variety of innate and adaptive
strategies. Similarly, to guarantee their permanence within the host, viruses have developed
sophisticated mechanisms to elude the immune system, generating chronic infections that are rarely
eliminated [47]. We propose that when SARS-CoV infects the respiratory system, the viral ORF8
protein induces IL-6 production, thus altering the Breg lymphocytes normal phenotype. These cells
then synthesize high amounts of IgG4 antibodies. This antibody has a weak in vitro neutralizing
potential compared to IgGl, IgG2, and IgG3 antibodies [13,28,29]. Recent studies confirmed that a
class change from IgG3 to IgG4 was linked to a decreased ability of the spike-specific antibodies to
trigger complement deposition and antibody-dependent cellular phagocytosis [13]. The proposed
mechanism by which the IgG4 antibody can block IgG3 attachment to its Fc receptor, thus inhibiting
viral phagocytosis, is shown in Figure 1. This model is supported by the known capability of human
IgG4 to interact with the Fc parts of all IgG subclasses [48].


https://doi.org/10.20944/preprints202308.0776.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 August 2023 doi:10.20944/preprints202308.0776.v1

Macrophage ———
Macrophage

S A

Fcreceptor | >

Fc region

Variable region 1gG4 antibody

)i

IgG3 antibody

SARS-CoV2 SARS-CoV2

Figure 1. A. In normal conditions, the IgG3 antibody binds to the spike protein using its variable
region. This antibody has a constant region (Fc) that is recognized by the corresponding receptor
found on macrophages and other immune cells. This mechanism is called “opsonization”, and it
marks foreign pathogens for phagocyte destruction. B. SARS-CoV-2 induces IL-6 production, altering
the normal Treg or Breg cells phenotype and making these cells produce IgG4 antibodies (depicted
in red). The constant region of the IgG4 antibody binds to the constant region of IgG3, thus preventing
the binding of said antibody to its receptor located on the macrophage. In this way, the IgG3 effector
functions are blocked.

By using this IgG4-mediated tolerance mechanism, SARS-CoV-2 avoids being detected and
attacked by the immune system. In other words, our immune system is hijacked and forced to
“tolerate” or “ignore” the virus, thus possibly allowing chronic infection. The IgG4-induced tolerance
could produce a poor immune response against SARS-CoV-2 when these patients suffer a re-
infection. The virus could infect cells for a long time, causing chronic infection.

Finally, the probable IgG4-mediated evasion mechanism induced by SARS-CoV2 is remarkably
similar to that evolved by cancer cells to avoid immune surveillance and attack. Researchers have
investigated malignant melanoma and discovered that tumor-specific IgG4 was produced locally in
tumor tissues. Additionally, they discovered that, in opposition to cancer-specific IgG1, cancer-
specific IgG4 did not activate two immunological mechanisms that use antibodies to recognize and
eliminate cancer cells [49]. Furthermore, the IgG1 antibody prevented the spread of cancer in an in
vivo model but IgG4 did not. While IgG1 antibodies are responsible for mediating tumor cell death,
IgG4 antibodies can obstruct this process. These results highlight an aspect of tumor-driven
immunological escape that has not previously been studied: IgG4 production generated by tumors
restricts effector immune cell activity against them [49]. The IgG4 antibody is significant and required
for cancer immune evasion, according to another study [50]. B cells with high IgG4 concentrations
were found in both patient serum samples and malignant cells in a cohort of people with esophageal
cancer. Both increased cancer malignancy and a bad prognosis were highly correlated with higher
IgG4 levels, which appear to be linked to more aggressive cancer growth. It was found that, when
attaching to Fc receptors found in some immune cells in vitro, IgG4 can compete with IgG1 (as
depicted in Figure 2). The normal immune responses against cancer cells, such as cell and
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complement cytotoxicity and cell phagocytosis, which are mediated by IgG1 antibodies, are inhibited
as a result of this competition [50].
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Figure 2. Schematic representation of the hypothesized mechanism for immune evasion by cancer
cells using B lymphocyte-produced IgG4 . Long-term contact with tumour antigens induces B cells to
switch class and produce IgG4. Because of its unique structural and biological characteristics,
increased IgG4 in the cancer microenvironment creates an effective immune evasion mechanism for
the disease. The terms antibody-dependent cell mediated cytotoxicity (ADCC), antibody-dependent
cell phagocytosis (ADCP), complement-dependent cytotoxicity (CDC), and natural killer cells (NK)
are abbreviations for these processes, respectively. Adapted from [50]. This article is open access and
is distributed under the Creative Commons Attribution Non-Commercial (CC BY-NC 4.0) license,
which enables others to distribute, remix, adapt, and build upon it for non-commercial purposes and
to license their derivative works under different conditions as long as the original work is properly
cited, due credit, any changes are noted, and the use is for non-commercial purposes.

The similarity between our proposed mechanism for IgG4-mediated immune evasion by SARS-
CoV-2 and that evolved by cancer cells suggest that viruses are more complex than they are usually
believed. It is not known if it were viruses or cancer cells that first developed this ingenious evasion
mechanism, but we are convinced that the study of the molecular mechanisms that govern these
processes could have therapeutic implications both for the treatment of viral infections and for cancer.
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The appendix is an optional section that can contain details and data supplemental to the main
text—for example, explanations of experimental details that would disrupt the flow of the main text
but nonetheless remain crucial to understanding and reproducing the research shown; figures of
replicates for experiments of which representative data is shown in the main text can be added here
if brief, or as Supplementary data. Mathematical proofs of results not central to the paper can be
added as an appendix.
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