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Abstract: Extensive research has been conducted on the SARS-CoV-2 virus in association with
various infectious diseases to understand the pathophysiology of the infection and potential co-
infections. In tropical countries, exposure to local viruses may alter the course of SARS-CoV-2
infection and coinfection. Notably, only a portion of the antibodies produced against SARS-CoV-2
proteins demonstrate neutralizing properties, and the immune response following natural infection
tends to be temporary. In contrast, long-lasting IgG antibodies are common after dengue virus
infections. In cases where preexisting antibodies from an initial dengue virus infection bind to a
different dengue serotype during a subsequent infection, there is a potential for antibody-dependent
enhancement (ADE) and the formation of immune complexes associated with disease severity. Both
SARS-CoV-2 and dengue infections can result in immunodeficiency. Viral proteins of both viruses
interfere with the host’s IFN-I signaling. Additionally, a cytokine storm can occur after viral infection,
impairing a proper response, and autoantibodies against a wide array of proteins can appear during
convalescence. Most of the reported autoantibodies are typically short-lived. Vaccines against both
viruses alter the immune response, affecting the course of viral infection and enhancing clearance. A
comprehensive analysis of both viral infections and pathogenicity is revisited to prevent infection,
severity, and mortality.

Keywords: dengue infection; SARS-CoV-2 infection; COVID-19; platelets; antibodies; cytokine storm;
antibody-dependent enhancement (ADE)

1. Introduction

Dengue virus infection is prevalent in tropical regions, especially during the rainy
season. It is transmitted to humans through the bite of infected mosquitoes, posing a risk to
approximately half of the global population and resulting in an estimated 100-400 million
infections annually with around 7500 deaths [1]. However, this may be an underestima-
tion [1]. In contrast, the SARS-CoV-2 pandemic has impacted over 750 million individuals
worldwide (WHO) since 2019, with a mortality rate close to 1% [2].

During the SARS-CoV-2 pandemic, there was a surge in dengue and severe dengue
cases in high-risk areas, leading to various hypotheses. Two main hypotheses have been
proposed to explain the potential increase in severe dengue cases following SARS-CoV-2
infection [3-5]. One is related to viral protein similarities and the antibodies generated
to possible common epitopes, which will increase viral immunopathology, especially
in dengue infection. The other assumption refers to immune deficiency after the viral
infection that predisposes new viral infections. However, the reported data have yielded
contradictory findings [5,6], potentially attributed to variations in experimental trials,
screenings, and affected populations. Therefore, this review aims to comprehensively
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examine the viral physiopathology in dengue and SARS-CoV-2 infections, identifying their
similarities, differences, and the potential impact of co-infection or previous infection on
disease resolution.

1.1. Dengue Virus (DENV)

Dengue is caused by the dengue virus (DENYV), a single positive-stranded RNA virus
of the Flaviviridae family, transmitted to humans through the bite of infected female
mosquitoes, mainly the Aedes aegypti mosquito. Other species of the genus Aedes can
also be transmitters; their contribution is usually less than that of Aedes aegypti, a vector
found predominantly in tropical and subtropical areas of the planet. Several tropical
regions have a hyperendemic form of dengue infection, with different forms of dengue
fever [7-9]. The causative microorganism of dengue is a virus encoding positive-sense
single-stranded RNA encoding seven (7) non-structural and three (3) structural proteins.
The dengue virus (DENV) contains four serotypes identified as DENV 1-4 [10,11]. The
serotypes share similar genetic properties but with a different antigenic configuration, and
infection with multiple serotypes increases the risk of severe complications from DENV.
When mosquitoes bite humans, they inject DENV into the bloodstream, which then spreads
to the epidermis and dermis, leading to the infection of young Langerhans cells (epidermal
dendritic cells) and keratinocytes. The cells that have been infected migrate from the
initial site to the lymph nodes. Monocytes and macrophages are attracted to the lymph
nodes and thus become prone to infection [11]. Another route of virus dissemination is the
release of exosomes from DENV-infected cells, which are responsible for viral transmission
through cell—cell interaction [12,13]. Since viral infections induce exosome secretion, it is
plausible to assume that DENV infection could also induce exosome release in dengue-
infected patients. Dengue infection alters the composition of exosomes secreted by infected
cells [12,13]. These exosomes carry the complete DENV genome and other proteins and
transmit viral particles to healthy cells [12,13]. In addition, the exosomes released by DENV-
infected cells contain LC3 II, an autophagy marker that defends the virus from neutralizing
antibodies [13-15].

When a person who has not been previously infected with a flavivirus or immunized
with a flavivirus vaccine acquires a dengue infection, IgM antibodies to the dengue virus
can be detected 4-5 days after the onset of symptoms [10,15-17]. The symptoms are reliably
identifiable for approximately 12 weeks. Detectable levels of serum IgG against dengue
are observed by the end of the first week of illness [15-19]. These titers gradually increase
and can remain detectable for several months or even for life. In cases of secondary dengue
infection (when the host has been previously infected by dengue, another flavivirus, or
vaccinated), antibody levels rise rapidly and can react broadly against many flaviviruses.
The primary type of antibody is IgG, which is detected at high levels, even in the acute
phase, and can persist for periods ranging from 10 months to a lifetime [15-19]. IgM levels
during the early convalescent phase are lower in secondary infections than in primary
infections and may even be undetectable in some cases, depending on the test used.

In the pre-critical phase of the disease, there is a rapid decline in platelet count,
accompanied by elevated hematocrit levels. DENV-specific antibodies play diverse roles,
aiding in the clearance of the infection through various mechanisms [10,15,19-21]. This
includes inhibiting the virus from binding to cell surface receptors or blocking viral entry
post-binding. However, it is essential to note that the receptors to which DENVs bind
present an opportunity for DENV-specific antibodies to potentially enhance viral entry, a
phenomenon known as antibody-dependent enhancement (ADE) [20,21].

Upon infection of host cells, a range of pro-inflammatory, immunoregulatory, and
antiviral cytokines are secreted. Dendritic cells (DCs) are recognized for producing type I
interferons but may also release other pro-inflammatory molecules and cytokines. Studies
have indicated that DENV-infected DCs secrete matrix metalloproteinases (MMP)-2 and
9, increasing endothelial monolayer permeability [22]. Various DENV proteins, such as
NS4B and NS5, induce IL-8 synthesis by macrophages and endothelial cells. Furthermore,
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endothelial cells release IL-6, CXCL10, CXCL11, and RANTES, which elevate inflammation
and vascular permeability, ultimately leading to in vivo plasma leakage [22,23].

Published evidence indicates a shift in cytokine expression patterns during dengue
infection, contributing to the observed “cytokine storm” (uncontrolled and excessive re-
lease of pro-inflammatory cytokines) in affected individuals. Figure 1 provides a visual
representation of this phenomenon. The cytokine storm results in heightened vascular
permeability and disruption of the coagulation cascade, leading to manifestations such as
bleeding, serositis, and hypovolemic shock. The dengue virus’s non-structural protein 1
(NS1) has been implicated as the viral antigen responsible for mediating severe disease. NS1
initiates the complement cascade, leading to an excessive release of vasoactive anaphyla-
toxins, thereby inducing abnormal mast cell activation and histamine release, which in turn
increases vascular permeability and causes endothelial dysfunction [10,15,24]. Furthermore,
antibodies against NS1 (IgM and IgG) form complexes with membrane NS1 (mNS1) and
soluble NS1 (sNS1), resulting in complement-dependent lysis of host cells and antibody-
dependent cellular cytotoxicity (ADCC), ultimately damaging the endothelial layer and
increasing vascular leakage [25]. Additionally, sSNS1 interacts with TLR4, expressed on
monocytes, macrophages, and endothelial cells, further exacerbating endothelial damage
during DENV infection. Platelet activation and thrombocytopenia characterize the cytokine
storm in DENYV infection. This activation leads to the release of granular constituents.
Patients with dengue exhibit signs of platelet activation, mitochondrial disruption, and
activation of the caspase cascade of apoptosis, contributing to thrombocytopenia [24-28].
There is a clear association between ADE observed in laboratory experiments and clinical
symptoms [26,27].

IL-1B 1
IL-81
TNF-a T
IL-187
CXCL-101
MSP-11
MIP-18 1
IFNs-I T

IL-6 T

Figure 1. Comparison of the cytokine storm. The central circle represents a common pattern of
cytokines observed in both dengue fever and SARS-CoV-2 infections. An uncontrolled inflammatory
response leads to the concurrent release of elevated levels of various inflammatory cytokines, con-
tributing to the pathogenesis associated with these infections. Numerous inflammatory cytokines
and chemokines, including IL-6, IL-13, IL-8, CCL8, CXCL9, CXCL16, MCP-1, and IP-10, as well as
immunosuppressive cytokines, are notably elevated and correlate with the clinical severity of the
disease. Although both viral infections, dengue and COVID-19, are characterized by a cytokine
storm and multiorgan involvement, their pathogenesis, disease progression, and recovery processes
differ significantly.

Preliminary studies have shown that NS1, released into patients’ blood, can stimu-
late immune cells via Toll-like receptor 4 (TLR4) and may cause endothelial leakage [29].
However, whether DENV NSI1 can directly stimulate platelet activation or cause throm-
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bocytopenia during DENV infection is unclear. Chao C.H. and coworkers [29] were the
first to demonstrate that DENV, but not Zika virus, cell culture supernatant could induce
P-selectin expression and phosphatidylserine (PS) exposure in human platelets and that
both effects ceased when NS1 was removed from the DENV supernatant. Similar results
were achieved using recombinant NS1 from all four DENV serotypes. This event suggests
that overstimulation of lymphocytes is possible during dengue infection.

Recently, using the mouse model, Choi Y. and coworkers [30] have shown the impor-
tance of NKT cells in inducing Th1 polarity against dengue viral proteins. The process
is regulated by CD1 presentation. A higher initial Th2 response, typified by a higher
IgG4/1gG3 ratio, is involved with a worse outcome in the secondary infection. Thus,
efficient antigen presentation is crucial for an effective immune response during dengue
viral infection. This issue, however, may be controversial as it has been shown that in
SARS-CoV-2 infection, the BCG vaccine protects lung disease in experimental mouse mod-
els [31]. No substantial evidence supports using the BCG vaccine to prevent human viral
infection [32].

1.2. Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)

Coronaviruses (CoVs) are divided into four different genera: «, 3, v, and 6. The «-
and 3-CoV genera infect mammals, while the y- and $-CoV infect birds. SARS-CoV-2 is
a positive-sense, non-segmented, enveloped RNA (ribonucleic acid) virus belonging to
the B-CoV. SARS-CoV-2 causes severe diseases among the human population, including
respiratory, enteric, or systemic conditions of varying severity [33]. The virus originated
in China, specifically in Wuhan city, Hubei province, in late 2019. The most common
symptoms of SARS-CoV-2 infections are cough and fever, weakness, and loss of sense of
taste or smell; other symptoms described are aches and pains, diarrhea, sore throat, and
rash [33].

The body’s response to SARS-CoV-2 infection initially targets the N protein, but ef-
fective immunity relies on neutralizing antibodies against the virus’s S protein. Most
COVID-19 patients develop antibodies around 7 days after contracting the virus. The
average IgM and IgG antibody development times are 12 and 14 days, respectively. Xiao-
long Yan et al. (2024) [34] found that IgG levels against SARS-CoV-2 decrease slowly over
12 months post-infection (Figure 2). Younger individuals tend to have higher IgG levels
after infection, while older adults might have lower IgG levels and reduced effectiveness
against severe COVID-19. On the other hand, Movsisyan, M. and colleagues (2024) [35]
reported persistent seropositivity for both anti-SARS-CoV-2 (N) and anti-SARS-CoV-2 (S)
among convalescent COVID-19 patients over a 21-month evaluation period. Clearly, the
antibodies against the N protein suggest that these individuals were continuously exposed
to the virus, maintaining the memory response and the titer of antibodies as described by
Swadzba, J. and co-workers [36].

SARS-CoV-2, like DENYV, has a positive-sense single-stranded RNA genome. DENV
uses attachment factors such as glycosaminoglycans, immunomodulatory protein receptors,
C-type lectins DC-SIGN, and mannose receptors to enter host cell receptors. On the
other hand, SARS-CoV-2 mainly interacts with host cell receptors by using glycoproteins,
specifically the angiotensin-converting enzyme-2 (ACE-2), although some other receptors
may facilitate viral infection [37,38]. Both viruses can lead to a cytokine storm (Figure 1)
and an inflammatory immune response [39,40]. This results in a higher concentration of
antibodies and affects the coagulation system. Coinfections of DENV with SARS-CoV-2 can
lead to organ failure, particularly in the cardiovascular, pulmonary, and Central Nervous
System (CNS), and have a worse prognosis than single infections. Additionally, both
viruses can infiltrate the CNS and cause severe cases [39,40].
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Figure 2. Antibody kinetics following initial viral infection. This figure illustrates the dynamics of
antibody production during the first viral infections. IgM antibodies targeting dengue viral proteins
exhibit longer persistence than those directed against SARS-CoV-2 proteins. IgG antibodies against
SARS-CoV-2 demonstrate a decline after four weeks; conversely, antibody titers in dengue infections
decrease at a significantly slower rate over time. This figure was created using BioRender® software.

Although COVID-19 was initially believed to be a highly inflammatory disease, new
evidence suggests it can lead to significant immune suppression or deficiency in severe
cases [37,38]. Activating specific immune cells can cause lung damage [37,38]. In contrast,
decreased antiviral responses and dysregulation of other immune cells can create a state
where the virus can replicate, making secondary infections more likely. Further investiga-
tion is needed to understand the vital role of the IL-6/STAT3 signaling pathway in this
immune dysregulation [41-43].

Silvestre OM et al. [44] carried out a prospective study in Brazil involving 2351 subjects;
the study suggests that individuals with a history of dengue infection have a lower mortality
from COVID-19. However, they could not determine a causal association between previous
dengue and immunity that improves the prognosis of SARS-CoV-2 infection. The protective
response could be due to similarities in protein structure that promote antiviral response in
these individuals.

2. Role of Cytokines in DENV and SARS-CoV-2 Infection
2.1. Interferon Signal Transduction and miRNA

Viral proteins of both dengue and SARS-CoV-2 have been found to interfere with IFN
signaling [45,46]. In particular, the dengue viral protein NS2A inhibits IFN I early signaling,
while NS4A, NS4B, and NS5 inhibit IFN signaling by blocking STAT1 and STAT2, and
mainly NS5 seems to be involved in the degradation of STAT2 [45]. On the other hand,
SARS-CoV-2 viral proteins affect IFN signal transduction using different proteins [46].
The N protein inhibits interferon regulatory factor (IRF) 3 and 9, the M protein and the
nonstructural proteins (NSP) 3, 6, and 13 block IRF7 signaling, and NSP12, NSP13, and
ORF6 block IFNw [46]. In summary, both IEN type I and type II signaling may be inhibited
by both viruses. The therapeutic role of type I IFN in both viral infections is questionable
unless treatment is applied at the beginning of the acute phase, which rarely occurs in the
standard clinical environment. Another interesting issue is the role of miRNA in both viral
infections impairing the host immune response [47].

Even though there have been several reports on the possible protagonist of miRNA in
severe dengue and COVID-19, some of the reported miRNAs are not specific for antiviral
response [48-51]. They are related to known chronic inflammatory diseases in which
cytokines are essential [48-51]. This issue generates an interesting hypothesis on the
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possible therapeutic role of different RNA, miRNA, long circular, or noncoding RNA being
delivered in the target tissues in acute viral infection to avoid cytokine storm [48-51]. Many
questions can still be addressed on this issue, especially regarding blocking mediators
involved in antiviral responses.

2.2. Cytokines in Viral Infection and Cytokine Storm

The production of cytokines upon viral infection has been widely studied, and IFNs
type I are critical players in the initial state of the host response to the virus [45,46]. A
delay in IFN responses may worsen the inflammatory response [52,53]. As Fenf E. and
coworkers [54] describe, a decreased production of IFN is expected in aging. In addition,
Cremoni M. [55] analyzed the relationship between low baseline IFN-y as a predictor of
hospitalization.

However, individuals may have subclinical inflammation related to senescence with
specific characteristics (inflammaging) [56]. In this context, an impaired antiviral response
is expected in these individuals. In SARS-CoV-2 infections, the patients with higher
viral disease severity are the elderly and individuals with different comorbidities who
may develop the cytokine storm [57]. Interestingly, well-controlled patients with chronic
inflammatory diseases seem to have a lower risk of severe infection [58].

Recent research indicates that the inflammation linked to acute SARS-CoV-2 infection
can endure for weeks or even months. Bonny T.S. et al. [53] discovered that plasma donors
from convalescent COVID-19 patients exhibited higher levels of specific inflammation
markers than controls. These markers included IFN-y, certain interleukins (IL-12p70, IL-
13, IL-1p3, IL-2, IL-4, IL-5, and IL-33), and MCP-1, providing strong evidence of ongoing
immune activation. Other studies have demonstrated persistent changes in immune
indicators in recovered COVID-19 patients, regardless of disease severity [59].

Dayarathna S. et al. [60] determined the similarities and differences in cytokine and
chemokine responses in these two infections, comparing responses in patients with different
COVID-19 and acute dengue severity at various times of illness. Patients who experienced
severe COVID-19 pneumonia and dengue hemorrhagic fever (DHF) had notably higher
levels of IL-6, IL-10, and MIP3« during disease onset compared to those with mild disease.
Individuals who succumbed to COVID-19 had the lowest levels of IFNY in the early stages
of the disease [60]. However, these levels remained stable in patients with DHF or dengue
fever (DF) throughout the febrile and critical phases. Bhatt P. and coworkers [61] showed
the kinetics of cytokine secretion for several days following the infection. Interestingly,
the increase in IL-4, IL-10, and IL-13 matched patient recovery with a decrease in other
proinflammatory cytokines. Thus, the weakened IFNy response to SARS-CoV-2 and
elevated levels of immunosuppressive IL-10 in both COVID-19 and dengue during the
early phase of illness indicates an inadequate antiviral response that could contribute to
the severity of the diseases.

In a recent review, Zhang J. [62] illustrated how IFN type I and II, IL-6, and HMGB1
are the key players in the cytokine release syndrome. This syndrome leads to changes in
the adaptative immune cells that amplify or resolve the inflammatory response induced
by viral infection. The difference refers to the signals that maintain the inflammatory
response, i.e., viral proteins. The kinetics of cytokine responses differ between dengue and
SARS-CoV-2 infection [62].

Even though cytokine storms can be generated by both viral infections and are related
to severity, the key cytokines involved in dengue differ from those of SARS-CoV-2, as
shown in Figure 1. Early induction of IFN signaling may facilitate viral clearance and an
effective immune response. On the other hand, it is unclear if modulation of IFN I and II
signaling by viral proteins may be related to the cytokine storm in both viral infections.
Nonetheless, the effect of IFN type III (IFN A) is protective when the IFN type I signal
is decreased, as was shown with pegylated IFN A in COVID patients [63,64] and in vitro
in dengue infection [64]. More research is urgently needed in this area, particularly in
analyzing multisystemic inflammatory syndrome (MIS) in the pediatric population.
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3. Humoral Responses in Dengue and SARS-CoV2 Infections
3.1. Antibodies in Dengue and SARS-CoV-2 Infection

As described before, the dynamics of antibody response between the two viruses
differ [16,34,35]. Figure 2 illustrates the kinetics of virus infection in both diseases. The
titter of the IgM antibody markedly differs, being short-lived in SARS-CoV-2 infection
and compared with dengue infection. Similarly, IgG titers decay after week four after
SARS-CoV-2 infection compared to dengue. Since the presence of antibodies against
the SARS-CoV-2 virus is short-lived, the possibility of reinfection increases. Notably,
only a subset of antibodies against SARS-CoV-2 are neutralizing, suggesting a polyclonal
stimulation of B cells. Therefore, specific T-memory cells are crucial to maintaining a proper
antibody response.

Despite these efforts, many questions remain concerning how memory T and B cells
are preserved in dengue infection [65-67]. In secondary infection, as illustrated in Figure 3,
there is an increase in IgG production despite the high levels encountered before infection.
It is also unclear how the kinetics of IgG titers are affected months after the second infec-
tion [67]. On the other hand, in SARS-CoV-2 infection, IgM titers increase slightly before
IgG levels; basal IgG levels against the virus are low. Again, IgG is short lived, decreasing
markedly after 21 days. More research is required to understand the role of memory cells
and antibody dynamics in dengue pathophysiology and why they differ so much from
SARS-CoV-2 infection.

1 DENGUE SECONDARY INFECTION T | SARS-CoV-2 SECONDARY INFECTION
lgG
IgG
IgM
IgM p
! [ [ > I i ] >

0 10 20 30 }f 10 20 30

T secondary
secondary Time (days) antigen Time (days)
antigen exposure
exposure

Figure 3. Differences in IgM and IgG kinetics in the second infection with dengue virus or SARS-
CoV-2. On the left, the short time of IgM and the rapid and marked increase in IgG can be observed.
In contrast to SARS-CoV-2 infection, IgM antibody timing differs, and IgG titers are relatively short
lived. This figure was produced with the BioRender® software.

Figure 4 illustrates the role of antibody-dependent enhancement in dengue and SARS-
CoV-2 infections. The role of Fc receptors and virus uptake in macrophages has been
demonstrated previously [20,21]. In SARS-CoV-2 infection, the ADE phenomenon differs
from dengue since Fc-dependent infection of macrophages is inefficient; however, Fc-
independent and cytokine-dependent induction of viral infection are observed in SARS-
CoV-2 infection [68,69]. FcyRIIB (CD32B) was shown to be involved in virus internalization
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ADE
plasma leakage
syndrome

but requires a bivalent interaction [69]. Interestingly, Thomas S. and coworkers [70], using
BHK cells expressing FcgRlIla, SARS-CoV-2, and MERS-CoV pseudoviruses (PVs), reported
that samples from MERS-CoV-infected patients with low levels of neutralizing antibodies
exhibited ADE against SARS-CoV-2. These results suggest that the ADE phenomenon may
occur in SARS-CoV-2 infection and coinfection without neutralizing antibodies.

ANTIBODY-DEPENDENT ENHANCEMENT (ADE)

i . )
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Figure 4. Antibody-dependent enhancement in dengue and SARS-CoV-2 infection. Antibody-
dependent enhancement (ADE) occurs when antibody-virus complexes are internalized into cells
through FcyRs, resulting in the infection of a more significant number of target cells. This process
may lead to increased viral production. ADE in dengue infection has been proven. In SARS-CoV-2
infection, there are still controversies; however, several receptors and co-receptors for SARS-CoV-2
entrance to the cells have been proven and illustrated before [42]. This figure illustrates the proposed
mechanism. This figure was made using the BioRender® software.

It is essential to add that even though the ACE2 receptor is critical for viral S protein
binding and cell internalization, other receptors and coreceptors play a crucial role in
SARS-CoV-2 infection, as previously reported [42].

Even though these viruses belong to different families, their genetic composition is sim-
ilar, as they are both RNA viruses. Severe second infections mediated by ADE are observed
in both diseases [65-67]. The presence of SARS-CoV-2 antibodies causing ADE in severe
dengue has not been suggested before; there is a report on dengue infection and COVID-19
severity [5]. Additionally, COVID-19 and dengue co-infection have been linked to severe
disease and fatal outcomes. After the COVID-19 pandemic, SARS-CoV-2 antibodies are
much more common in the general population than in previous coronavirus epidemics.
There is a possibility that these pre-existing COVID-19 antibodies could facilitate dengue
virus entry into host cells, leading to increased viral load and severe disease [44,69-71].
More research is needed to clarify the phenomenon.

3.2. Autoantibodies After Dengue and SARS-CoV-2 Infection

Ghorai, T. et al. [72] demonstrated that antibodies produced during DENV infection
can cross-react with several autoantigens in humans; these autoantibodies possibly con-
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tribute to clinical progression to severe dengue. Dengue was associated with an increased
risk of autoimmune thyroid disease, uveitis, and autoimmune encephalomyelitis. Autoim-
mune encephalomyelitis is the most prevalent [73]. Since autoantibody screening is not
standard after suffering from dengue infection, new guidelines should promote autoanti-
body screening after infection and follow-up. Chuang Y.C. and coworkers [74] reported
molecular mimicry between dengue and coagulation factors to induce autoantibodies to
block thrombin activity and enhance fibrinolysis. Similarly, after SARS-CoV-2 infection,
several autoantibodies have been described. The generation of autoantibodies is related
to a secondary immune deficiency in both cases. This secondary immune deficiency does
not necessarily lead to autoimmune disease since most autoantibodies are short-lived,
and an essential number of individuals are IgM and not IgG. The IgG encountered is not
necessarily pathogenic.

The group of Jen Paul Casanova [75-77] has documented the presence of autoantibod-
ies against cytokines that lead to immune deficiency. Autoantibodies against IFN« have
been involved in the lack of proper antiviral response in several viral diseases, including
dengue, SARS-CoV-2, and herpesvirus [78,79]. Nonetheless, there are still controversies
on the role of these autoantibodies [80], and the loss of tolerance seems critical in the
process [81].

As described previously [42], the presence of autoantibodies after SARS-CoV-2 infec-
tion has been described. These autoantibodies may induce a secondary immune deficiency,
as described [42,81-84]. On the other hand, autoantibodies do not imply an autoimmune
disease, as suggested [82]. Most of these autoantibodies are IgM, and some IgG levels, in
most patients, decrease with time [42,83,84]. The presence of autoantibody titers may differ
depending on SARS-CoV-2 variants [85] and vaccination [83,84]. A simple study showed
that the incidence of antinuclear autoantibodies after SARS-CoV-2 infection was lower in
the vaccinated individuals than those nonvaccinated [86]. Then, two possible explanations
of the phenomenon may occur: molecular mimicry of antigens along with genetic predis-
position or the polyclonal activation of B cells that, along with genetic predisposition and
molecular mimicry, may be responsible for autoimmunity.

Autoantibodies against chemokines have also been reported in SARS-CoV-2 infec-
tion [87]. These autoantibodies block part of the antiviral immune response, but it isn’t easy
to assume which autoantibody may be crucial for the antiviral response. As documented
earlier, autoantibodies hamper IFN type I and II signaling and viral proteins [75,88-90]. It
is unclear if both processes are involved in disease severity.

Table 1 sums up the autoantibodies detected in dengue and SARS-CoV-2 infection.
Some of the autoantibodies are shared between both infections. It may be suggested that
there is a reduced number of individuals with a subclinical autoimmune disease that,
upon infection, there is a polyclonal activation of B lymphocytes, which are subsequently
detected in preclinical tests. These autoantibodies may serve as a marker of a decreased
efficiency of the antiviral response. Moreover, the presence of IgM autoantibodies and no
increase in IgG antibodies with time suggests that B cell switching does not occur. This
point should be considered for pharmacological intervention.

Table 1. Autoantibodies detected in dengue and SARS-CoV-2 infection in severe, recovery, or chronic
disease. The presence of an autoantibody is not necessarily related to an autoimmune disease. It may
be an autoimmune phenomenon resulting from either the dengue virus or SARS-CoV-2 infection.
However, it could modulate the course of the disease.

DENGUE SARS-CoV-2
Anti-type-I-IFN autoantibodies [78]. Other anti-cytokine Anti-type-I-IFN [75,79] and anti-type II IFN autoantibodies [88] in 5%
autoantibodies have not been analyzed. of the population. Autoantibodies against chemokines [87].

Antibodies against platelets [91]. Antibodies against

endothelial cells [61].

Autoantibodies against components of the cardiovascular system IgM
and IgG [92]. Autoantibodies against ACE2 [93] and anti-heparin
factor 4 [94].




Int. J. Mol. Sci. 2024, 25, 11624

10 of 21

Table 1. Cont.

DENGUE SARS-CoV-2

Antibodies against receptors expressed on B cells TACI,

BCMA, and BAFFR [95].

Autoantibodies against the lung antigen KCNRG [96] and IgA
autoantibodies against pulmonary surfactant proteins B and C
decrease mucus secretion [97].

Autoantibodies detected: antinuclear antibodies, P-ANCA, C-ANA,

IgG autoantibodies against several complement pathway  anti-Ro52, anti-Ro60, theumatoid factor, anti-citrullinated
components, such as Factor P and Complement C4 [98]. autoantibodies, SLE-associated Smith-D3 protein [99-101], and lupus

anticoagulant [102]. Antibodies against MDAS5 [103,104]

Autoantibodies against prothrombin were correlated with
platelet counts in DHF patients [98].

Autoantibody against prothrombin [105].

Autoantibodies against KU(P70/P80), histone H-3 and
H-4, M2, vitronectin, MPO, and Sm/RNP [98].

Antibodies against G-protein-coupled receptors and RAS [106].

Protective autoantibodies against viral non-structural

protein 1 (NS1) [107].

Autoantibodies are against thyroid hormone [108].

3.3. Thrombocytopenia in Dengue and SARS-CoV-2 Infections

Thrombocytopenia and platelet dysfunction are common in dengue and COVID-
19 [69,70,96]. The coagulation and fibrinolytic pathways are activated during acute dengue
infection, and endothelial dysfunction is seen in severe dengue. Traditionally recognized as
responsible for homeostasis, platelets have become a critical factor in immunothrombotic
complications associated with patients with COVID-19 [72,73,108]. At the same time,
elevated levels of the soluble platelet selectin (sP-selectin), an indicator of platelet activation
and endothelial injury, have been identified in patients with COVID-19 and associated
with disease severity [109,110]. This complex connection underlines the crucial role of
platelets and sP-selectin in coordinating thromboinflammation, vascular dysfunction, and
disease progression in COVID-19 [109-112]. Platelet activation triggers the release of
inflammatory mediators and increases platelet-leukocyte interactions, amplifying the
systemic inflammatory response and aggravating endothelial injury. Furthermore, platelet-
derived factors contribute to microvascular thrombosis, exacerbating tissue damage and
organ dysfunction in severe COVID-19. Increased sP-selectin levels are disease severity and
prognosis biomarkers, aiding risk stratification and early detection of patients most likely
to suffer adverse outcomes [72,73,109-112]. Xu P. [113] has suggested several mechanisms
as the cause of thrombocytopenia in COVID-19: (a) Direct infection of bone marrow cells by
the virus and inhibition of platelet production. The cytokine storm destroys bone marrow
progenitor cells and leads to reduced platelet production, (b) removal of platelets by the
immune system, and (c) aggregation of platelets in the lungs.

Evidence suggests that the dengue virus may induce bone marrow hypoplasia dur-
ing the acute phase of the disease [114,115]. Thrombocytopenia in dengue may be due
to reduced bone marrow cell production or elevated peripheral platelet destruction and
removal from peripheral blood. An increased mean platelet volume (MPV) indicates in-
creased platelet destruction in patients. MPV is usually high or normal in dengue patients;
therefore, excessive platelet destruction could be the main reason for thrombocytopenia
in dengue patients. Cross-reactive anti-NS1, prM, and viral E protein antibodies against
platelets, endothelial cells, or coagulant molecules may cause platelet disorders, endothe-
lial cell injury, coagulation disorders, and macrophage activation. Platelet malfunction
could increase the risk of vascular fragility, leading to hemorrhage and plasma leakage in
DHE/DSS. There are few studies in dengue on platelets as effector immune cells.

4. Long-Term Alterations After SARS-CoV-2 Infection

Most people with SARS-CoV-2 infection develop lasting modifications in the immune
response after natural infection [94,116]. Many studies have characterized these changes in
both humoral and cellular responses. Regarding the humoral response, modest serological
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cross-reactivity between SARS-CoV-2 and DENYV significantly affects the dengue diagnosis,
as reported [43]. However, whether this could have any clinical impact on dengue cases is
still unclear.

Guo L and colleagues [116] conducted a long-term study that included COVID-19
patients who had recovered and were discharged from Jinyintan Hospital in Wuhan, China.
They followed up with the patients at six months, one year, and two years after their
recovery, collecting blood samples each time. The participants were divided into two
groups: those who had not been reinfected or vaccinated against SARS-CoV-2 and those
who received one to three doses of an inactivated vaccine 1 to 2 years after recovering from
the infection. The study evaluated the levels of IgG antibodies, neutralizing antibodies,
memory B cells, and memory T cell responses against the original strain of the virus
and the delta and omicron variants [116]. The findings indicated that memory T cell
responses from the initial infection remained highly effective after two years. Given the
increasing prevalence of new variants, the study suggests the need for vaccines that can
enhance neutralizing antibodies and overall T-cell responses to newly emerged SARS-CoV-2
variants [116].

Patients with COVID-19 produce a wide range of autoantibodies that closely resemble
the sequences of the highly mutated S protein of SARS-CoV-2 [117]. This is due in part to
cell stress caused by viral infection. The antibodies are produced against various immune-
regulating proteins, cytokines, chemokines, complement, certain intracellular cells, and
specific viruses. Factors leading to the production of autoantibodies include changes in
immune tolerance, increased cell death resulting from the non-apoptotic elimination of
virus-infected cells, uncontrolled cytokine secretion (including TNF«, IFN{, IL-6, IL-13,
IL-17, and IL-18), and abnormal expression of antigens following virus infection and
inflammation [40,42,94,98,108]. Current research has revealed that even in COVID-19
patients with mild illness, acute SARS-CoV-2 infection has long-term impacts on the
immune system [108,118]. Both humoral immunity and cellular immunity are affected.

Onofrio L.I. et al. [119] showed the difference in T-cell subpopulations in COVID-19
patients depending on waves or variants of the virus, generating an exciting analysis of
antiviral immune response. In the first wave, moderate and severe COVID-19 patients
showed significantly higher levels of granzyme B (GZMB) and expression of CD107a
in CDS8 cells and CD39 and PD-1 in conventional CD4+ T cells compared to healthy
individuals [119]. In the second wave, there was a significant increase in the GZMB+ cells
of moderate and severe COVID-19 patients. These patients also exhibited a decrease in
the frequency of IL-2-producing T conv cells. Subpopulations of CD8 with low and high
expression were shown to be important in SARS-CoV-2 infection. SARS-CoV-2-infected
patients displayed fewer cells expressing low CD8 (CD8lo). These CD8lo cells secreted
less TNEF, IL-2, and IFN-y than T cells with high CD8 expression (CD8hi). The frequency
of CD8lo T cells increased with disease severity, suggesting its potential applicability as a
marker for disease progression, and the index (CD8hi/CD8lo) was helpful in the clinical
stratification and prediction of disease outcomes for patients [119].

CD8 cells are also important markers for dengue infection. Activated CD8 cells,
HLADR+, and CD38 high T-cell subpopulations have been shown in dengue patients,
especially during febrile response [120]. This cell population produces small amounts
of IFN, and its response to a viral antigen is lower than that of the subpopulation with
lower CD38 expression; however, antigen-independent activation of this cell population
is normal [121-124]. On the other hand, CD4 and CDS cells expressing CD38 were also
observed in COVID-19 patients and related to severity, suggesting that the role of these
cells in antiviral response is critical [123]. Vaccine-activated CDS8 cells may be prevalent in
SARS-CoV-2 viral infection [124]. On the other hand, IFNy has been related to mild forms
of dengue infection and SARS-CoV-2 infection [125]. Both cell populations, high and low
IFNYy producers, can be valuable markers for SARS-CoV-2, dengue, and the common Zika
infection in dengue-endemic areas. More research is required to understand the role of
different cell subpopulations in viral infections.



Int. J. Mol. Sci. 2024, 25, 11624

12 of 21

During disease onset, patients who developed severe COVID-19 pneumonia and
DHEF had significantly higher levels of IL-6, IL-10, and MIP3« than those who developed
mild disease [57]. The lowest levels of IFNYy in early disease were observed in those who
succumbed to their disease by COVID-19. In contrast, these cytokine and chemokine levels
remained unchanged in those with DHF or DF during the febrile and critical phases [57,125].
The low IFNYy response to SARS-CoV-2 and high levels of immunosuppressive IL-10 in
COVID-19 and dengue during the early phase of illness indicate a poor antiviral reaction
that could contribute to disease severity [57,125].

Severe COVID-19 patients exhibit a profound hypercoagulable state, and thrombotic
complications are common. Excessive clotting has been observed in severely ill COVID-19
patients [126]. Lippi et al. [112] conducted an electronic search of Medline, Scopus, and
Web of Science to select studies that provided data on platelet counts in patients with
COVID-19. A meta-analysis was performed, calculating the weighted mean difference
(WMD) of platelet counts in patients with COVID-19 with or without severe disease, and
the odds ratio (OR) of thrombocytopenia was calculated for severe forms of COVID-19.
The study found that a low platelet count is associated with an increased risk of severe
disease and mortality in patients with COVID-19, similar to dengue disease [112]. It should
serve as a clinical indicator of worsening disease during hospitalization.

Long COVID is a complication of SARS-CoV-2 infection, occurring in at least 10% of
severe cases [127]. The causes are likely multiple and overlapping, including the persistence
of SARS-CoV-2 in tissues, immune dysregulation, effects on microbiota, autoimmunity,
blood clotting, and signaling abnormalities in the brainstem and vagus nerve [127,128].
Research is in the early stages, and while some theories have advanced, many questions
remain unanswered. This area needs to be prioritized for further study.

5. Vaccines
5.1. Dengue Vaccines

The research and development of an accessible, safe, and effective vaccine against all
four DENV serotypes is a breakthrough in the control of the disease and could contribute
to achieving the WHO's goal of reducing dengue morbidity and mortality. Dengvaxia
(CYD-TDV) was the first quadrivalent DENV vaccine developed by Sanofi Pasteur to treat
severe secondary dengue infection. It received its first marketing authorizations in 2015
and is currently approved for use in the US, EU, and some Asian and Latin American
countries [129]. Dengvaxia is a live attenuated chimeric yellow fever-dengue-tetravalent
dengue vaccine initially licensed by several endemic countries [129]. Unfortunately, the
hope that a dengue vaccine was finally available quickly became a safety issue. In the third
year of the Phase III clinical trial, younger subjects who received the vaccine and were
not immune, experienced higher rates of hospitalization and severe dengue compared to
unvaccinated subjects. Many hypotheses have been proposed to explain this, including the
idea that imbalanced homotypic and heterotypic immunity among the four DENV types
primed naive (serostatus-negative) dengue vaccine recipients for ADE when exposed to
their first natural infection. Sanofi sought an indication only for older children (9 years
and older). Regulators forced the company to modify the vaccine label to indicate that
only individuals previously infected with DENV should be vaccinated. A wave of protests
emerged in the Philippines, as hundreds of thousands of children had already been immu-
nized between the time of licensing and the discovery of this adverse event. Subsequently,
the country suspended the licensing of the vaccine [130].

Takeda’s Denvax (TAK-003) was subsequently researched and developed as a live
attenuated tetravalent dengue vaccine initially developed by the Division of Vector-Borne
Diseases of the Centers for Disease Control and Prevention (CDC) [131]. TAK-003 contains
a DENV-2 construct in which the pre-membrane (prM) and envelope (E) structural genes
are replaced with chimeric DENV1, DENV3, and DENV4 viruses. Although TAK-003 trials
are still in the large-scale evaluation stage, its phase 3 part 1 is effective against ‘virologically
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proven dengue’ in endemic areas such as Latin America and Asia among healthy children
and adolescents aged 4-16 years [131].

The efficacy and safety profiles of TAK-003 have been demonstrated through a robust
clinical trial program, including a 4.5-year Phase 3 study of over 20,000 children and
adolescents living in eight dengue-endemic areas. The study was designed per World
Health Organization (WHO) guidance for a second-generation dengue vaccine, and it
considered the need to achieve high levels of subject retention and protocol compliance in
endemic regions. Takeda’s vaccine, marketed as Qdenga®, is already approved in countries
including Indonesia, Thailand, Argentina, and Brazil and was also licensed in the European
Union in 2022. The Japanese company is in talks with the Indian pharmaceutical regulator
for approval in the dengue-endemic country [131,132].

With no early manifestations of serious adverse effects, Qdenga® is well tolerated
and immunogenic against all four dengue serotypes, regardless of baseline serostatus,
with a recent BLA priority review with the FDA [131,132]. In summary, both Dengvaxia®
and Qdenga® are vaccines with great potential to change the prevention of DENV infec-
tion worldwide through a multimodal approach. Additionally, Qdenga® can be used by
travelers to endemic areas regardless of serological status [133,134].

5.2. COVID-19 Vaccines

COVID-19 vaccines have been shown to generate a lasting T-cell response [135] and
generate an essential difference between infection and vaccination [136]. The strongest
protection is derived from hybrid immunization [136]. The imprinting generated upon
vaccination is particularly important for the mRNA vaccine [137].

A potential risk associated with the COVID-19 vaccines is antibody-dependent disease
enhancement (ADE), where vaccine-induced antibody-mediated immune responses may
lead to increased acquisition of SARS-CoV-2 or increased disease severity. Although ADE
has not been clinically demonstrated with any of the COVID-19 vaccines, when neutralizing
antibodies are suboptimal, COVID-19 severity has been reported to be increased [41].

An exciting report should be taken into account. Scully M et al. [138] presented the
results of 23 patients who developed thrombosis and thrombocytopenia between 6 and
24 days after receiving the first ChAdOx1 nCoV-19 vaccine (AstraZeneca). Based on their
clinical and laboratory features, they identified a new underlying mechanism and discussed
therapeutic implications. Mild hematomas and petechiae were observed in some patients.
Secondary cerebral hemorrhages were observed in some patients with cerebral venous
thrombosis. One patient without thrombosis had clinically relevant hematomas but no
other hemorrhagic manifestations. In all 23 patients, ELISA for anti-PF4 antibodies was
performed on a sample obtained before administration of heparin-based therapy. While
testing for heparin-induced thrombocytopenia (HIT) with the HemosIL AcuStar HIT, the
IgG assay was negative in all nine patients tested, and ELISA for anti-PF4 antibodies was
positive in 22 of the 23 patients. However, the syndrome described in the study presents a
combination of clinical and laboratory features that constitute an exceptional case and has
not been previously observed by any authors [138]. Ongoing data collection and studies
may help to determine how the development of pathological platelet-activating anti-PF4
antibodies, unrelated to heparin use, might be associated with vaccination.

Ikewaki N. and coworkers [139] described the effect of glucans and their involvement
in ADE in individuals vaccinated with COVID-19 vaccines. Interestingly, as proposed
previously [42], glucans can enhance viral infection by facilitating virus cell entry or
with the ADE complex. Future studies should address the importance of glucans in
antiviral responses.

The research, development, approval, and widespread use of COVID-19 mRNA
vaccines have constituted a significant asset in combatting the pandemic. However, it
is imperative to assess changes in vaccination strategies now that substantial portions
of the population have either been infected with SARS-CoV-2 or vaccinated, thereby
acquiring some degree of immunity. The frequent administration of booster doses has



Int. J. Mol. Sci. 2024, 25, 11624

14 of 21

prompted some experts to raise concerns regarding the potential for post-vaccination
immune fatigue [140,141]. Furthermore, the increasing prevalence of mutations in the spike
protein of emerging variants, combined with a gradual decline in the efficacy of mRNA
vaccines, underscores the necessity to adapt vaccine formulations to include new viral
targets [142]. For individuals predisposed to adverse cardiac effects, particularly during
periods of heightened viral transmission, alternative vaccine types—such as viral vector or
inactivated vaccines—should be considered.

A study conducted by Anderson E. and coworkers [143] analyzing SARS-CoV-2 vac-
cination in a cohort of patients with autoimmune diseases showed that vaccination did
not aggravate the disease. In that cohort, the vaccine from Moderna (an mARN vaccine)
had the lowest report of secondary effects. Therefore, it cannot be concluded that mRNA
vaccine therapy predisposes people to the induction of autoimmune antibodies unless
autoantibodies against the S protein are present during vaccination, inducing coagulopa-
thy [144]. The presence of these autoantibodies is scarce and may be linked to genetic
predisposition [144]. There is still room for improvement in this area.

6. Conclusions

The similarities in clinical manifestations between COVID-19 and dengue present
challenges in diagnosis, particularly in regions where dengue is prevalent and resources
are limited. Both SARS-CoV-2 and DENYV can trigger immune cell activation, releasing
proinflammatory cytokines, albeit with differences in the resulting cytokine storm. While
antibody kinetics vary between the two infections, it is essential to note that antibody-
dependent enhancement (ADE) is more frequently observed in dengue but should not be
discounted in SARS-CoV-2 infection. Autoantibodies may play a significant role in the
immunopathology of both infections. However, it remains unclear whether the production
of autoantibodies results from a temporary polyclonal B cell activation since titers have
been shown to decrease between 6 months and one year.

The potential for cross-reactivity of immune responses is concerning, particularly
how pre-existing antibodies against DENV may impact COVID-19 through ADE. Co-
infection with SARS-CoV-2 and dengue virus can result in more severe outcomes, leading
to substantial morbidity and mortality. The overlapping clinical and laboratory features
of both infections contribute to accurate diagnosis and complexity of management. Early
diagnosis is crucial for mitigating the burden of these conditions. Despite differences in the
modes of transmission (respiratory vs. mosquito-borne), it is imperative to investigate the
immunopathogenesis similarities between the two infections to advance the development
of more effective vaccines and treatments.

Author Contributions: Conceptualization, A.H.G. and ].B.D.S.; review of bibliographies, A.H.G. and
J.B.D.S,; the structure of the review, A.H.G. and ].B.D.S.; analysis of the purpose and contribution of
the article, A.H.G. and ].B.D.S,; validation, A.H.G. and J.B.D.S. All authors have read and agreed to
the published version of the manuscript.

Funding: This work was financed by the National Fund for Science, Technology, and Innovation
(FONACIT), an entity attached to the Ministry of Popular Power for Science and Technology of the
Bolivarian Republic of Venezuela (MINCYT). ].B.D.S. is partially financed by the National Institute
of Virology and Bacteriology (Program EXCELES, ID Project No. LX22NPO5103)—Funded by the
European Union—Next Generation EU from the Ministry of Education, Youth, and Sports of the
Czech Republic (MEYS). ].B.D.S. is also partially supported by a grant from the Ministry of Education,
Youth and Sport, Czech Republic: Molecular and Cellular Clinical Approach to Healthy Ageing,
ENOCH (European Regional Development Fund Project No. CZ.02.1.01/0.0/0.0/16_019/0000868,
IMTM #869/V19).

Acknowledgments: The authors acknowledge the marvelous work of Andrea Garcia in making
the figures.

Conflicts of Interest: The authors declare no conflicts of interest.



Int. J. Mol. Sci. 2024, 25, 11624 15 of 21

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

World Health Organization (WHO). Dengue and Severe Dengue: World Health Organization. 2024. Available online: https:
/ /www.who.int/news-room/fact-sheets/detail /dengue-and-severe-dengue (accessed on 9 September 2024).

World Health Organization (WHO). Coronavirus Disease (COVID-19). Available online: https://www.who.int/health-topics/
coronavirusfftab=tab_1 (accessed on 9 September 2024).

Hung, Y.P; Lee, C.C.; Chen, YYW.; Lee, J.C.; Chiu, C.W.; Hsueh, PR.; Ko, W.C. Incidence and co-infection with COVID-19 of
dengue during the COVID-19 pandemic. J. Formos. Med. Assoc. 2024, S0929-6646(24)00283-3. [CrossRef] [PubMed]

Bukhari, M.H.; Annan, E.; Haque, U.; Arango, P.; Falconar, A.K.I.; Romero-Vivas, C.M. Pre-or co-SARS-CoV-2 Infections
Significantly Increase Severe Dengue Virus Disease Criteria: Implications for Clinicians. Pathogens 2024, 13, 573. [CrossRef]
[PubMed]

Tang, N.; Lim, ].T.; Dickens, B.; Chiew, C.; Ng, L.C.; Chia, PY;; Leo, Y.S.; Lye, D.C.; Tan, K.B.; Wee, L.E. Effects of Recent Prior
Dengue Infection on Risk and Severity of Subsequent SARS-CoV-2 Infection: A Retrospective Cohort Study. Open Forum Infect.
Dis. 2024, 11, ofae397. [CrossRef] [PubMed]

Cheng, Y.L.; Chao, C.H,; Lai, Y.C.; Hsieh, K.H.; Wang, ].R.; Wan, S.W.; Huang, H.J.; Chuang, Y.C.; Chuang, W.J.; Yeh, TM.
Antibodies against the SARS-CoV-2 S1-RBD cross-react with dengue virus and hinder dengue pathogenesis. Front. Immunol. 2024,
13,941923. [CrossRef]

Pajor, M.].; Long, B.; Liang, S.Y. Dengue: A focused review for the emergency clinician. Am. J. Emerg. Med. 2024, 82, 82-87.
[CrossRef]

Leoén-Figueroa, D.A.; Abanto-Urbano, S.; Olarte-Durand, M.; Nufiez-Lupaca, J.N.; Barboza, ].J.; Bonilla-Aldana, D.K.; Yrene-
Cubas, R.A.; Rodriguez-Morales, A.J. COVID-19 and dengue coinfection in Latin America: A systematic review. New Microbes
New Infect. 2022, 49, 101041. [CrossRef]

Harapan, H.; Ryan, M.; Yohan, B.; Abidin, R.S.; Nainu, F; Rakib, A ; Jahan, I.; Emran, T.B.; Ullah, I; Panta, K,; et al. COVID-19
and dengue: Double punches for dengue-endemic countries in Asia. Rev. Med. Virol. 2021, 31, e2161. [CrossRef]

Khan, M.B; Yang, Z.S,; Lin, C.Y.; Hsu, M.C.; Urbina, A.N.; Assavalapsakul, W.; Wang, W.H.; Chen, Y.H.; Wang, S.F. Dengue
overview: An updated systemic review. J. Infect. Public Health 2023, 16, 1625-1642. [CrossRef]

Li, HH.; Su, M.P; Wu, S.C; Tsou, H.H.; Chang, M.C.; Cheng, Y.C,; Tsai, K.N.; Wang, HW.; Chen, G.H.; Tang, C.K.; et al.
Mechanical transmission of dengue virus by Aedes aegypti may influence disease transmission dynamics during outbreaks.
EBioMedicine 2023, 94, 104723. [CrossRef]

Safadi, D.E.; Lebeau, G.; Lagrave, A.; Mélade, ]J.; Grondin, L.; Rosanaly, S.; Begue, F.; Hoareau, M.; Veeren, B.; Roche, M; et al.
Extracellular Vesicles Are Conveyors of the NS1 Toxin during Dengue Virus and Zika Virus Infection. Viruses 2023, 15, 364.
[CrossRef]

Reyes-Ruiz, ].M.; Osuna-Ramos, J.F.; De Jesuis-Gonzalez, L.A.; Hurtado-Monzoén, A.M.; Farfan-Morales, C.N.; Cervantes-Salazar,
M.; Bolafios, J.; Cigarroa-Mayorga, O.E.; Martin-Martinez, E.S.; Medina, F,; et al. Isolation and characterization of exosomes
released from mosquito cells infected with dengue virus. Virus Res. 2019, 266, 1-14. [CrossRef] [PubMed]

Vedpathak, S.; Sharma, A ; Palkar, S.; Bhatt, V.R.; Patil, V.C.; Kakrani, A.L.; Mishra, A.; Bhosle, D.; Arankalle, V.A.; Shrivastava, S.
Platelet-derived exosomes disrupt endothelial cell monolayer integrity and enhance vascular inflammation in dengue patients.
Front. Immunol. 2024, 14, 1285162. [CrossRef] [PubMed]

Khanam, A.; Gutiérrez-Barbosa, H.; Lyke, K.E.; Chua, ].V. Inmune-Mediated Pathogenesis in Dengue Virus Infection. Viruses
2022, 14, 2575. [CrossRef] [PubMed]

Wahala, WM.P.B.; De Silva, AM. The Human Antibody Response to Dengue Virus Infection. Viruses 2011, 3, 2374-2395.
[CrossRef] [PubMed]

Imrie, A.; Meeks, J.; Gurary, A.; Sukhbaatar, M.; Truong, T.T.; Cropp, C.B.; Effler, P. Antibody to dengue 1 detected more than
60 years after infection. Viral Immunol. 2007, 20, 672-675. [CrossRef]

St. John, A.L.; Rathore, A.P.S. Adaptive immune responses to primary and secondary dengue virus infections. Nat. Rev. Immunol.
2019, 19, 218-230. [CrossRef]

Wu, Q,; Jing, Q.; Wang, X.; Yang, L.; Li, Y,; Chen, Z.; Ma, M.; Yang, Z. Kinetics of IgG Antibodies in Previous Cases of Dengue
Fever-A Longitudinal Serological Survey. Int. ]. Environ. Res. Public Health 2020, 17, 6580. [CrossRef]

Sawant, J.; Patil, A.; Kurle, S. A Review: Understanding Molecular Mechanisms of Antibody-Dependent Enhancement in Viral
Infections. Vaccines 2023, 11, 1240. [CrossRef]

Narayan, R.; Tripathi, S. Intrinsic ADE: The Dark Side of Antibody-Dependent Enhancement During Dengue Infection. Front.
Cell. Infect. Microbiol. 2020, 10, 580096. [CrossRef]

Schmid, M.A.; Diamond, M.S.; Harris, E. Dendritic cells in dengue virus infection: Targets of virus replication and mediators of
immunity. Front. Immunol. 2014, 5, 647. [CrossRef]

Sinha, S.; Singh, K.; Ravi Kumar, Y.S.; Roy, R.; Phadnis, S.; Meena, V.; Bhattacharyya, S.; Verma, B. Dengue virus pathogenesis and
host molecular machineries. J. Biomed. Sci. 2024, 31, 43. [CrossRef] [PubMed]

Cabezas, S.; Bracho, G.; Aloia, A.L.; Adamson, PJ.; Bonder, C.S.; Smith, ]J.R.; Gordon, D.L.; Carr, ].M. Dengue Virus Induces
Increased Activity of the Complement Alternative Pathway in Infected Cells. J. Virol. 2018, 92, 10-1128. [CrossRef]


https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue
https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue
https://www.who.int/health-topics/coronavirus#tab=tab_1
https://www.who.int/health-topics/coronavirus#tab=tab_1
https://doi.org/10.1016/j.jfma.2024.06.007
https://www.ncbi.nlm.nih.gov/pubmed/38879404
https://doi.org/10.3390/pathogens13070573
https://www.ncbi.nlm.nih.gov/pubmed/39057800
https://doi.org/10.1093/ofid/ofae397
https://www.ncbi.nlm.nih.gov/pubmed/39091642
https://doi.org/10.3389/fimmu.2022.941923
https://doi.org/10.1016/j.ajem.2024.05.022
https://doi.org/10.1016/j.nmni.2022.101041
https://doi.org/10.1002/rmv.2161
https://doi.org/10.1016/j.jiph.2023.08.001
https://doi.org/10.1016/j.ebiom.2023.104723
https://doi.org/10.3390/v15020364
https://doi.org/10.1016/j.virusres.2019.03.015
https://www.ncbi.nlm.nih.gov/pubmed/30930201
https://doi.org/10.3389/fimmu.2023.1285162
https://www.ncbi.nlm.nih.gov/pubmed/38235130
https://doi.org/10.3390/v14112575
https://www.ncbi.nlm.nih.gov/pubmed/36423184
https://doi.org/10.3390/v3122374
https://www.ncbi.nlm.nih.gov/pubmed/22355444
https://doi.org/10.1089/vim.2007.0050
https://doi.org/10.1038/s41577-019-0123-x
https://doi.org/10.3390/ijerph17186580
https://doi.org/10.3390/vaccines11071240
https://doi.org/10.3389/fcimb.2020.580096
https://doi.org/10.3389/fimmu.2014.00647
https://doi.org/10.1186/s12929-024-01030-9
https://www.ncbi.nlm.nih.gov/pubmed/38649998
https://doi.org/10.1128/JVI.00633-18

Int. J. Mol. Sci. 2024, 25, 11624 16 of 21

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Jayathilaka, D.; Gomes, L.; Jeewandara, C.; Jayarathna, G.S.B.; Herath, D.; Perera, P.A.; Fernando, S.; Wijewickrama, A.; Hardman,
C.S.; Ogg, G.S.; et al. Role of NS1 antibodies in the pathogenesis of acute secondary dengue infection. Nat. Commun. 2018, 9, 5242.
[CrossRef] [PubMed]

Singh, A.; Bisht, P; Bhattacharya, S.; Guchhait, P. Role of Platelet Cytokines in Dengue Virus Infection. Front. Cell. Infect. Microbiol.
2020, 10, 561366. [CrossRef] [PubMed]

Muller, D.A.; Depelsenaire, A.C.; Young, P.R. Clinical and Laboratory Diagnosis of Dengue Virus Infection. J. Infect. Dis. 2017, 215
(Suppl. 52), 589-595. [CrossRef] [PubMed]

Glasner, D.R; Ratnasiri, K.; Puerta-Guardo, H.; Espinosa, D.A.; Beatty, P.R.; Harris, E. Dengue virus NS1 cytokine-independent
vascular leak is dependent on endothelial glycocalyx components. PLoS Pathog. 2017, 13, €1006673. [CrossRef] [PubMed]

Chao, C.H.; Wu, W.C,; Lai, Y.C; Tsai, PJ.; Perng, G.C.; Lin, Y.S.; Yeh, T.M. Dengue virus nonstructural protein 1 activates platelets
via Toll-like receptor 4, leading to thrombocytopenia and hemorrhage. PLoS Pathog. 2019, 15, €1007625. [CrossRef]

Choi, Y.; Saron, W.A.; O'Neill, A.; Senanayake, M.; Wilder-Smith, A.; Rathore, A.P; St John, A.L. NKT cells promote Th1 immune
bias to dengue virus that governs long-term protective antibody dynamics. . Clin. Investig. 2024, 134, €169251. [CrossRef]
Hilligan, K.L.; Namasivayam, S.; Sher, A. BCG mediated protection of the lung against experimental SARS-CoV-2 infection. Front.
Immunol. 2023, 14, 1232764. [CrossRef]

Pug, I; Jain, H.; Odat, R-M.; Hussein, A.M.; Dey, D.; Ahmed, M.; Jain, J.; Goyal, A.; Ratnani, T.; Idrees, M.; et al. Efficacy and
outcomes of BCG re-vaccination in COVID-19: A systematic review, meta-analysis, and meta-regression of randomized controlled
trials. Ann. Med. Surg. 2024, 86, 5439-5446. [CrossRef]

Shereen, M.A.; Khan, S.; Kazmi, A.; Bashir, N.; Siddique, R. COVID-19 infection: Origin, transmission, and characteristics of
human coronaviruses. J. Adv. Res. 2020, 24, 91-98. [CrossRef] [PubMed]

Yan, X.; Zhao, X.; Du, Y.; Wang, H.; Liu, L.; Wang, Q.; Liu, J.; Wei, S. Dynamics of anti-SARS-CoV-2 IgG antibody responses
following breakthrough infection and the predicted protective efficacy: A longitudinal community-based population study in
China. Int. J. Infect. Dis. 2024, 145, 107075. [CrossRef] [PubMed]

Movsisyan, M.; Truzyan, N.; Kasparova, I.; Chopikyan, A.; Sawaqged, R.; Bedross, A.; Sukiasyan, M.; Dilbaryan, K.; Shariff, S.;
Kwantala, B.; et al. Tracking the evolution of anti-SARS-CoV-2 antibodies and long-term humoral immunity within 2 years after
COVID-19 infection. Sci. Rep. 2024, 14, 13417. [CrossRef] [PubMed]

Swadzba, J.; Panek, A.; Wasowicz, P.; Anyszek, T.; Martin, E. High Concentration of Anti-SARS-CoV-2 Antibodies 2 Years after
COVID-19 Vaccination Stems Not Only from Boosters but Also from Widespread, Often Unrecognized, Contact with the Virus.
Vaccines 2024, 12, 471. [CrossRef] [PubMed]

De Sanctis, ].B.; Garcia, A.H.; Moreno, D.; Hajduch, M. Coronavirus infection: An immunologists’ perspective. Scand. . Immunol.
2021, 93, e13043. [CrossRef]

Jackson, C.B.; Farzan, M.; Chen, B.; Choe, H. Mechanisms of SARS-CoV-2 entry into cells. Nat. Rev. Mol. Cell. Biol. 2022, 23, 3-20.
[CrossRef]

Alla, D.; Alla, S.5.M.; Vempati, R.; Bhatt, H.; Sultana, Q.; Bhatt, S.; Mohsin, T.; Siddiqua, A. Dengue & COVID-19: A Comparison
and the Challenges at Hand. Cureus 2022, 14, €31877. [CrossRef]

Malavige, G.N.; Jeewandara, C.; Ogg, G.S. Dengue and COVID-19: Two sides of the same coin. |. Biomed. Sci. 2022, 29, 48.
[CrossRef]

Wang, X.; Tang, G.; Liu, Y.; Zhang, L.; Chen, B.; Han, Y; Fu, Z.; Wang, L.; Hu, G.; Ma, Q,; et al. The role of IL-6 in coronavirus,
especially in COVID-19. Front. Pharmacol. 2022, 13, 1033674. [CrossRef]

Garmendia, J.V.; Garcia, A.H.; De Sanctis, C.V.; Hajdtch, M.; De Sanctis, J.B. Autoimmunity and Immunodeficiency in Severe
SARS-CoV-2 Infection and Prolonged COVID-19. Curr. Issues Mol. Biol. 2022, 45, 33-50. [CrossRef]

Shurrab, EM.; Al-Sadeq, D.W.; Amanullah, EH.; Al-Absi, E.S.; Qotba, H.; Yassine, H.M.; Abu-Raddad, L.J.; Nasrallah, G.K. Low
Risk of Serological Cross-Reactivity between the Dengue Virus and SARS-CoV-2-IgG Antibodies Using Advanced Detection
Assays. Intervirology 2022, 65, 224-229. [CrossRef] [PubMed]

Silvestre, O.M.; Costa, L.R.; Lopes, B.V.R,; Barbosa, M.R.; Botelho, K.K.P.; Albuquerque, K.L.C.; Souza, A.G.S.; A Coelho, L.; de
Oliveira, A.].; Barantini, C.B.; et al. Previous Dengue Infection and Mortality in Coronavirus Disease 2019 (COVID-19). Clin.
Infect. Dis. 2021, 73, €1219—-e1221. [CrossRef] [PubMed]

Castillo Ramirez, J.A.; Urcuqui-Inchima, S. Dengue Virus Control of Type I IFN Responses: A History of Manipulation and
Control. J. Interf. Cytokine Res. 2015, 35, 421-430. [CrossRef] [PubMed]

Hoang, H.D.; Naeli, P.; Alain, T.; Jafarnejad, S.M. Mechanisms of impairment of interferon production by SARS-CoV-2. Biochem.
Soc. Trans. 2023, 51, 1047-1056. [CrossRef] [PubMed]

Brzoska, J.; von Eick, H.; Hiindgen, M. Interferons in COVID-19: Missed opportunities to prove efficacy in clinical phase III trials?
Front. Med. 2023, 10, 1198576. [CrossRef]

Su, Y,; Lin, T.; Liu, C.; Cheng, C.; Han, X,; Jiang, X. microRNAs, the Link Between Dengue Virus and the Host Genome. Front.
Microbiol. 2021, 12, 714409. [CrossRef]

Limothai, U,; Jantarangsi, N.; Suphavejkornkij, N.; Tachaboon, S.; Dinhuzen, J.; Chaisuriyong, W.; Trongkamolchai, S.; Wan-
paisitkul, M.; Chulapornsiri, C.; Tiawilai, A.; et al. Discovery and validation of circulating miRNAs for the clinical prognosis of
severe dengue. PLoS Negl. Trop. Dis. 2022, 16, €0010836. [CrossRef]


https://doi.org/10.1038/s41467-018-07667-z
https://www.ncbi.nlm.nih.gov/pubmed/30531923
https://doi.org/10.3389/fcimb.2020.561366
https://www.ncbi.nlm.nih.gov/pubmed/33102253
https://doi.org/10.1093/infdis/jiw649
https://www.ncbi.nlm.nih.gov/pubmed/28403441
https://doi.org/10.1371/journal.ppat.1006673
https://www.ncbi.nlm.nih.gov/pubmed/29121099
https://doi.org/10.1371/journal.ppat.1007625
https://doi.org/10.1172/JCI169251
https://doi.org/10.3389/fimmu.2023.1232764
https://doi.org/10.1097/MS9.0000000000002370
https://doi.org/10.1016/j.jare.2020.03.005
https://www.ncbi.nlm.nih.gov/pubmed/32257431
https://doi.org/10.1016/j.ijid.2024.107075
https://www.ncbi.nlm.nih.gov/pubmed/38697605
https://doi.org/10.1038/s41598-024-64414-9
https://www.ncbi.nlm.nih.gov/pubmed/38862731
https://doi.org/10.3390/vaccines12050471
https://www.ncbi.nlm.nih.gov/pubmed/38793722
https://doi.org/10.1111/sji.13043
https://doi.org/10.1038/s41580-021-00418-x
https://doi.org/10.7759/cureus.31877
https://doi.org/10.1186/s12929-022-00833-y
https://doi.org/10.3389/fphar.2022.1033674
https://doi.org/10.3390/cimb45010003
https://doi.org/10.1159/000522479
https://www.ncbi.nlm.nih.gov/pubmed/35134813
https://doi.org/10.1093/cid/ciaa1895
https://www.ncbi.nlm.nih.gov/pubmed/33373433
https://doi.org/10.1089/jir.2014.0129
https://www.ncbi.nlm.nih.gov/pubmed/25629430
https://doi.org/10.1042/BST20221037
https://www.ncbi.nlm.nih.gov/pubmed/37199495
https://doi.org/10.3389/fmed.2023.1198576
https://doi.org/10.3389/fmicb.2021.714409
https://doi.org/10.1371/journal.pntd.0010836

Int. J. Mol. Sci. 2024, 25, 11624 17 of 21

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

De Sanctis, J.B.; Garcia, A.; Garmendia, J.V.; Moreno, D.; Hajduch, M.; Radzioch, D. Importance of miRNA in SARS-CoV-2
infection. Gac. Med. Caracas 2020, 128 (Suppl. S1), S17-522. [CrossRef]

Ergiin, S.; Sankaranarayanan, R.; Petrovi¢, N. Clinically informative microRNAs for SARS-CoV-2 infection. Epigenomics 2023, 15,
705-716. [CrossRef]

Ho, T.C.; Yen, K.L,; Vats, A.; Tsai, ].J.; Chen, P.L.; Chien, YW.,; Lo, Y.C.; Perng, G.C. Cytokine Signature of Dengue Patients at
Different Severity of the Disease. Int. J. Mol. Sci. 2021, 22, 2879. [CrossRef]

Bonny, T.S.; Patel, E.U.; Zhu, X.; Bloch, E.M.; Grabowski, M.K.; Abraham, A.G.; Abraham, A.G.; Littlefield, K.; Shrestha, R.;
Benner, S.E.; et al. Cytokine and Chemokine Levels in Coronavirus Disease 2019 Convalescent Plasma. Open Forum Infect. Dis.
2020, 8, ofaa574. [CrossRef] [PubMed]

Feng, E.; Balint, E.; Poznanski, S.M.; Ashkar, A.A.; Loeb, M. Aging and Interferons: Impacts on Inflammation and Viral Disease
Outcomes. Cells 2021, 10, 708. [CrossRef] [PubMed]

Cremoni, M.; Allouche, J.; Graga, D.; Zorzi, K.; Fernandez, C.; Teisseyre, M.; Benzaken, S.; Ruetsch-Chelli, C.; Esnault, V.L.M.;
Dellamonica, J.; et al. Low baseline IFN-y response could predict hospitalization in COVID-19 patients. Front. Immunol. 2022,
13, 953502. [CrossRef] [PubMed]

Batista, M.A.; Calvo-Fortes, E; Silveira-Nunes, G.; Camatta, G.C.; Speziali, E.; Turroni, S.; Teixeira-Carvalho, A.; Martins-Filho,
O.A,; Neretti, N.; Maioli, T.U.; et al. Inflammaging in Endemic Areas for Infectious Diseases. Front. Immunol. 2020, 11, 579972.
[CrossRef]

Queiroz, M.AE,; Brito, WR.D.S,; Pereira, K.A.S,; Pereira, L M.S.; Amoras, E.D.S.G.; Lima, S.S.; Santos, E.ED.; Costa, EP.D.; Sarges,
KM.L,; Cantanhede, M.H.D; et al. Severe COVID-19 and long COVID are associated with high expression of STING, cGAS and
IFN-ox. Sci. Rep. 2024, 14, 4974. [CrossRef]

Ubah, C.S.; Kearney, G.D.; Pokhrel, L.R. Asthma May Not be a Potential Risk Factor for Severe COVID-19 Illness: A Scoping
Review. Environ. Health Insights 2024, 18, 11786302231221925. [CrossRef]

Augustin, M.; Schommers, P; Stecher, M.; Dewald, E; Gieselmann, L.; Gruell, H.; Horn, C.; Vanshylla, K.; Di Cristanziano, V.;
Osebold, L.; et al. Post-COVID syndrome in non-hospitalised patients with COVID-19: A longitudinal prospective cohort study.
Lancet Reg. Health Eur. 2021, 6, 100122. [CrossRef]

Dayarathna, S.; Jeewandara, C.; Gomes, L.; Somathilaka, G.; Jayathilaka, D.; Vimalachandran, V.; Wijewickrama, A.; Narangoda,
E.; Idampitiya, D.; Ogg, G.S.; et al. Similarities and differences between the "cytokine storms’ in acute dengue and COVID-19. Sci.
Rep. 2020, 10, 19839. [CrossRef]

Bhatt, P.; Varma, M.; Sood, V.; Ambikan, A.; Jayaram, A.; Babu, N.; Gupta, S.; Mukhopadhyay, C.; Neogi, U. Temporal cytokine
storm dynamics in dengue infection predicts severity. Virus Res. 2024, 341, 199306. [CrossRef]

Zhang, ]. Immune responses in COVID-19 patients: Insights into cytokine storms and adaptive immunity kinetics. Heliyon 2024,
10, e34577. [CrossRef]

Reis, G.; Moreira Silva, E.A.S.; Medeiros Silva, D.C.; Thabane, L.; Campos, V.H.S.; Ferreira, T.S.; Santos, C.V.Q.; Nogueira, AM.R,;
Almeida, A.PEG,; Savassi, L.C.; et al. Early Treatment with Pegylated Interferon Lambda for COVID-19. N. Engl. J. Med. 2023,
388, 518-528. [CrossRef] [PubMed]

Palma-Ocampo, H.K.; Flores-Alonso, J.C.; Vallejo-Ruiz, V.; Reyes-Leyva, J.; Flores-Mendoza, L.; Herrera-Camacho, I.; Rosas-
Murrieta, N.H.; Santos-Lépez, G. Interferon lambda inhibits dengue virus replication in epithelial cells. Virol. J. 2015, 12, 150.
[CrossRef] [PubMed]

Sanchez-Vargas, L.A.; Anderson, K.B.; Srikiatkhachorn, A.; Currier, J.R; Friberg, H.; Endy, T.P,; Fernandez, S.; Mathew, A;
Rothman, A.L. Longitudinal Analysis of Dengue Virus-Specific Memory T Cell Responses and Their Association With Clinical
Outcome in Subsequent DENV Infection. Front. Immunol. 2021, 12, 710300. [CrossRef] [PubMed]

Sanchez-Vargas, L.A.; Kounlavouth, S.; Smith, M.L.; Anderson, K.B.; Srikiatkhachorn, A.; Ellison, D.W.; Currier, J.R.; Endy, T.P;
Mathew, A.; Rothman, A.L. Longitudinal Analysis of Memory B and T Cell Responses to Dengue Virus in a 5-Year Prospective
Cohort Study in Thailand. Front. Immunol. 2019, 10, 1359. [CrossRef]

Ramu, S.T; Dissanayake, M.; Jeewandara, C.; Bary, F; Harvie, M.; Gomes, L.; Wijesinghe, A.; Ariyaratne, D.; Ogg, G.S.; Malavige,
G.N. Antibody and memory B cell responses to the dengue virus NS1 antigen in individuals with varying severity of past
infection. Immunology 2023, 170, 47-59. [CrossRef]

Nakayama, E.E.; Shioda, T. SARS-CoV-2 Related Antibody-Dependent Enhancement Phenomena In Vitro and In Vivo. Microor-
ganisms 2023, 11, 1015. [CrossRef]

Wang, S.; Wang, J.; Yu, X,; Jiang, W.; Chen, S.; Wang, R.; Wang, M.; Jiao, S.; Yang, Y.; Wang, W.; et al. Antibody-dependent
enhancement (ADE) of SARS-CoV-2 pseudoviral infection requires FcyRIIB and virus-antibody complex with bivalent interaction.
Commun. Biol. 2022, 5, 262. [CrossRef]

Thomas, S.; Smatti, M.K.; Alsulaiti, H.; Zedan, H.T.; Eid, A.H.; Hssain, A.A.; Abu Raddad, L.J.; Gentilcore, G.; Ouhtit, A.; Althani,
A.A; etal. Antibody-dependent enhancement (ADE) of SARS-CoV-2 in patients exposed to MERS-CoV and SARS-CoV-2 antigens.
J. Med. Virol. 2024, 96, €29628. [CrossRef]


https://doi.org/10.47307/GMC.2020.128.s1.3
https://doi.org/10.2217/epi-2023-0179
https://doi.org/10.3390/ijms22062879
https://doi.org/10.1093/ofid/ofaa574
https://www.ncbi.nlm.nih.gov/pubmed/33553467
https://doi.org/10.3390/cells10030708
https://www.ncbi.nlm.nih.gov/pubmed/33806810
https://doi.org/10.3389/fimmu.2022.953502
https://www.ncbi.nlm.nih.gov/pubmed/36225915
https://doi.org/10.3389/fimmu.2020.579972
https://doi.org/10.1038/s41598-024-55696-0
https://doi.org/10.1177/11786302231221925
https://doi.org/10.1016/j.lanepe.2021.100122
https://doi.org/10.1038/s41598-020-76836-2
https://doi.org/10.1016/j.virusres.2023.199306
https://doi.org/10.1016/j.heliyon.2024.e34577
https://doi.org/10.1056/NEJMoa2209760
https://www.ncbi.nlm.nih.gov/pubmed/36780676
https://doi.org/10.1186/s12985-015-0383-4
https://www.ncbi.nlm.nih.gov/pubmed/26411318
https://doi.org/10.3389/fimmu.2021.710300
https://www.ncbi.nlm.nih.gov/pubmed/34394112
https://doi.org/10.3389/fimmu.2019.01359
https://doi.org/10.1111/imm.13651
https://doi.org/10.3390/microorganisms11041015
https://doi.org/10.1038/s42003-022-03207-0
https://doi.org/10.1002/jmv.29628

Int. J. Mol. Sci. 2024, 25, 11624 18 of 21

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Lechuga, G.C.; Temerozo, J.R.; Napoleao-Pégo, P; Carvalho, ].PR.S.; Gomes, L.R.; Bou-Habib, D.C.; Morel, C.M.; Provance, D.W.,
Jr.; Souza, TM.L.; De-Simone, S.G. Enhanced Assessment of Cross-Reactive Antigenic Determinants within the Spike Protein. Int.
J. Mol. Sci. 2024, 25, 8180. [CrossRef]

Ghorai, T; Sarkar, A.; Roy, A.; Bhowmick, B.; Nayak, D.; Das, S. Role of autoantibodies in the mechanisms of dengue pathogenesis
and its progression: A comprehensive review. Arch. Microbiol. 2024, 206, 214. [CrossRef]

Shih, H.I.; Chi, C.Y.; Tsai, P.F.; Wang, Y.P.; Chien, Y.W. Re-examination of the risk of autoimmune diseases after dengue virus
infection: A population-based cohort study. PLoS Negl. Trop. Dis. 2023, 17, e0011127. [CrossRef] [PubMed]

Chuang, Y.C; Lin, Y.S,; Liu, H.S.; Yeh, T.M. Molecular mimicry between dengue virus and coagulation factors induces antibodies
to inhibit thrombin activity and enhance fibrinolysis. J. Virol. 2014, 88, 13759-13768. [CrossRef] [PubMed]

Bastard, P.; Rosen, L.B.; Zhang, Q.; Michailidis, E.; Hoffmann, H.H.; Zhang, Y.; Dorgham, K_; Philippot, Q.; Rosain, ].; Béziat, V.;
et al. Autoantibodies against type I IFNs in patients with life-threatening COVID-19. Science 2020, 370, eabd4585. [CrossRef]
[PubMed]

Crow, Y.J.; Casanova, ].L. Human life within a narrow range: The lethal ups and downs of type I interferons. Sci. Immunol. 2024,
9, eadm8185. [CrossRef]

Zhang, Q.; Kisand, K.; Feng, Y.; Rinchai, D.; Jouanguy, E.; Cobat, A.; Casanova, J.L.; Zhang, S.Y. In search of a function for human
type III interferons: Insights from inherited and acquired deficits. Curr. Opin. Immunol. 2024, 87, 102427. [CrossRef]
Quiros-Roldan, E.; Sottini, A.; Signorini, S.G.; Serana, F; Tiecco, G.; Imberti, L. Autoantibodies to Interferons in Infectious Diseases.
Viruses 2023, 15, 1215. [CrossRef]

Busnadiego, I.; Abela, I.A.; Frey, PM.; Hofmaenner, D.A ; Scheier, T.C.; Schuepbach, R.A.; Buehler, PK.; Brugger, S.D.; Hale, B.G.
Critically ill COVID-19 patients with neutralizing autoantibodies against type I interferons have increased risk of herpesvirus
disease. PLoS Biol. 2022, 20, €3001709. [CrossRef]

Achleitner, M.; Mair, N.K.; Danhardt, J.; Kardashi, R.; Puhan, M.A.; Abela, I.A.; Toepfner, N.; de With, K.; Kanczkowski, W.;
Jarzebska, N.; et al. Absence of Type I Interferon Autoantibodies or Significant Interferon Signature Alterations in Adults With
Post-COVID-19 Syndrome. Open Forum Infect. Dis. 2023, 11, ofad641. [CrossRef]

Fernbach, S.; Mair, N.K,; Abela, I.A.; Groen, K,; Kuratli, R.; Lork, M.; Thorball, C.W.; Bernasconi, E.; Filippidis, P.; Leuzinger, K,;
et al. Loss of tolerance precedes triggering and lifelong persistence of pathogenic type I interferon autoantibodies. J. Exp. Med.
2024, 221, €20240365. [CrossRef]

Sacchi, M.C.; Tamiazzo, S.; Stobbione, P.; Agatea, L.; De Gaspari, P; Stecca, A.; Lauritano, E.C.; Roveta, A.; Tozzoli, R.; Guaschino,
R.; et al. SARS-CoV-2 infection as a trigger of autoimmune response. Clin. Transl. Sci. 2021, 14, 898-907. [CrossRef]
Dobrowolska, K.; Zarebska-Michaluk, D.; Poniedzialek, B.; Jaroszewicz, J.; Flisiak, R.; Rzymski, P. Overview of autoantibodies in
COVID-19 convalescents. |. Med. Virol. 2023, 95, €28864. [CrossRef] [PubMed]

Notarte, K.I.; Carandang, TH.D.C.; Velasco, J.V.; Pastrana, A.; Ver, A.T.; Manalo, G.N.; Ng, ].A.; Grecia, S.; Lippi, G.; Henry,
B.M,; et al. Autoantibodies in COVID-19 survivors with post-COVID symptoms: A systematic review. Front. Immunol. 2024,
15, 1428645. [CrossRef] [PubMed]

Oakes, E.G; Dillon, E.; Buhler, K.A.; Guan, H.; Paudel, M.; Marks, K.; Adejoorin, L; Yee, J.; Ellrodyt, J.; Tedeschi, S.; et al. Earlier
vs. later time period of COVID-19 infection and emergent autoimmune signs, symptoms, and serologies. J. Autoimm. 2024,
148, 103299. [CrossRef] [PubMed]

Laskowski, K.; Paszkiewicz, J.; Plewik, D.; Szepeluk, A.; Hozyasz, K.K. Association Between SARS-CoV-2 Vaccination and
Development of Antinuclear Antibodies Among Students. J. Prim. Care Community Health 2024, 15, 21501319241273213. [CrossRef]
[PubMed]

Muri, J.; Cecchinato, V.; Cavalli, A.; Shanbhag, A.A.; Matkovic, M.; Biggiogero, M.; Maida, P.A.; Moritz, J.; Toscano, C.; Ghovehoud,
E.; et al. Autoantibodies against chemokines post-SARS-CoV-2 infection correlate with disease course. Nat. Immunol. 2023, 24,
604-611. [CrossRef]

Chen, PK,; Yeo, K.J.; Chang, S.H.; Liao, T.L.; Chou, C.H.; Lan, J.L.; Chang, C.K.; Chen, D.Y. The detectable anti-interferon-y
autoantibodies in COVID-19 patients may be associated with disease severity. Virol. J. 2023, 20, 33. [CrossRef]

Akbari, A.; Hadizadeh, A.; Amiri, M.; Najafi, N.N.; Shahriari, Z.; Jamialahmadi, T.; Sahebkar, A. Role of autoantibodies targeting
interferon type 1 in COVID-19 severity: A systematic review and meta-analysis. J. Trans. Autoimm. 2023, 7, 100219. [CrossRef]
Shih, H.P.; Ding, J.Y.; Sotolongo Bellén, J.; Lo, Y.E; Chung, PH.; Ting, H.T.; Peng, J.J.; Wu, T.Y,; Lin, C.H.; Lo, C.C,; et al.
Pathogenic autoantibodies to IFN-y act through the impedance of receptor assembly and Fc-mediated response. J. Exp. Med.
2022, 219, €20212126. [CrossRef]

Quirino-Teixeira, A.C.; Andrade, F.B.; Pinheiro, M.B.M.; Rozini, S.V.; Hottz, E.D. Platelets in dengue infection: More than a
numbers game. Platelets 2022, 33, 176-183. [CrossRef]

Fagyas, M.; Nagy, B., Jr.; Rdduly, A.P; Ményiné, 1.S.; Martha, L.; Erd6si, G.; Sipka, S., Jr.; Enyedi, E.; Szabé, A.A.; Polik, Z.; et al.
The majority of severe COVID-19 patients develop anti-cardiac autoantibodies. Geroscience 2022, 44, 2347-2360. [CrossRef]
Hallmann, E.; Sikora, D.; Poniedzialek, B.; Szymanski, K.; Kondratiuk, K.; Zurawski, J.; Brydak, L.; Rzymski, P. IgG autoantibodies
against ACE2 in SARS-CoV-2 infected patients. J. Med. Virol. 2023, 95, €28273. [CrossRef] [PubMed]


https://doi.org/10.3390/ijms25158180
https://doi.org/10.1007/s00203-024-03954-0
https://doi.org/10.1371/journal.pntd.0011127
https://www.ncbi.nlm.nih.gov/pubmed/36881559
https://doi.org/10.1128/JVI.02166-14
https://www.ncbi.nlm.nih.gov/pubmed/25231318
https://doi.org/10.1126/science.abd4585
https://www.ncbi.nlm.nih.gov/pubmed/32972996
https://doi.org/10.1126/sciimmunol.adm8185
https://doi.org/10.1016/j.coi.2024.102427
https://doi.org/10.3390/v15051215
https://doi.org/10.1371/journal.pbio.3001709
https://doi.org/10.1093/ofid/ofad641
https://doi.org/10.1084/jem.20240365
https://doi.org/10.1111/cts.12953
https://doi.org/10.1002/jmv.28864
https://www.ncbi.nlm.nih.gov/pubmed/37310140
https://doi.org/10.3389/fimmu.2024.1428645
https://www.ncbi.nlm.nih.gov/pubmed/39035011
https://doi.org/10.1016/j.jaut.2024.103299
https://www.ncbi.nlm.nih.gov/pubmed/39096716
https://doi.org/10.1177/21501319241273213
https://www.ncbi.nlm.nih.gov/pubmed/39257165
https://doi.org/10.1038/s41590-023-01445-w
https://doi.org/10.1186/s12985-023-01989-1
https://doi.org/10.1016/j.jtauto.2023.100219
https://doi.org/10.1084/jem.20212126
https://doi.org/10.1080/09537104.2021.1921722
https://doi.org/10.1007/s11357-022-00649-6
https://doi.org/10.1002/jmv.28273
https://www.ncbi.nlm.nih.gov/pubmed/36324055

Int. J. Mol. Sci. 2024, 25, 11624 19 of 21

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.
105.

106.

107.

108.

109.

110.

111.

112.

113.
114.

115.

116.

117.

Liu, Q.; Miao, H.; Li, S.; Zhang, P.; Gerber, G.E; Follmann, D.; Ji, H.; Zeger, S.L.; Chertow, D.S.; Quinn, T.C.; et al. Anti-PF4
antibodies associated with disease severity in COVID-19. Proc. Natl. Acad. Sci. USA 2022, 119, e2213361119. [CrossRef] [PubMed]
Tsai, C.L.; Sun, D.S.; Su, M.T,; Lien, T.S.; Chen, Y.H.; Lin, C.Y,; Huang, C.H.; King, C.C.; Li, C.R.; Chen, T.H.; et al. Suppressed
humoral immunity is associated with dengue nonstructural protein NS1-elicited anti-death receptor antibody fractions in mice.
Sci. Rep. 2020, 10, 6294. [CrossRef]

Burbelo, P.D.; Castagnoli, R.; Shimizu, C.; Delmonte, O.M.; Dobbs, K.; Discepolo, V.; Lo Vecchio, A.; Guarino, A.; Licciardi, F.;
Ramenghi, U,; et al. Autoantibodies Against Proteins Previously Associated With Autoimmunity in Adult and Pediatric Patients
With COVID-19 and Children With MIS-C. Front. Immunol. 2022, 13, 841126. [CrossRef] [PubMed]

Sinnberg, T.; Lichtensteiger, C.; Ali, O.H.; Pop, O.T.; Jochum, A.K,; Risch, L.; Brugger, S.D.; Velic, A.; Bomze, D.; Kohler, P.; et al.
Pulmonary Surfactant Proteins Are Inhibited by Immunoglobulin A Autoantibodies in Severe COVID-19. Am. |. Respir. Crit. Care
Med. 2023, 207, 38-49. [CrossRef]

Vo, HT.M.; Duong, V.; Ly, S.; Li, Q.Z; Dussart, P.; Cantaert, T. Autoantibody Profiling in Plasma of Dengue Virus-Infected
Individuals. Pathogens 2020, 9, 1060. [CrossRef]

Tang, K.T.; Hsu, B.C.; Chen, D.Y. Autoimmune and Rheumatic Manifestations Associated With COVID-19 in Adults: An Updated
Systematic Review. Front. Immunol. 2021, 12, 645013. [CrossRef]

Hileman, C.O.; Malakooti, S.K.; Patil, N.; Singer, N.G.; McComsey, G.A. New-onset autoimmune disease after COVID-19. Front.
Immunol. 2024, 15, 1337406. [CrossRef]

Damoiseaux, J.; Dotan, A.; Fritzler, M.].; Bogdanos, D.P.; Meroni, P.L.; Roggenbuck, D.; Goldman, M.; Landegren, N.; Bastard, P;
Shoenfeld, Y.; et al. Autoantibodies and SARS-CoV2 infection: The spectrum from association to clinical implication: Report of
the 15th Dresden Symposium on Autoantibodies. Autoimmun. Rev. 2022, 21, 103012. [CrossRef]

Noordermeer, T.; Schutgens, R.E.G.; Visser, C.; Rademaker, E.; de Maat, M.P.M.; Jansen, A.].G.; Limper, M.; Cremer, O.L.; Kruip,
M.].; Endeman, H.; et al. Lupus anticoagulant associates with thrombosis in patients with COVID-19 admitted to intensive care
units: A retrospective cohort study. Res. Pract. Thromb. Haemos. 2022, 6, €12809. [CrossRef]

Tonutti, A.; Motta, F.; Ceribelli, A.; Isailovic, N.; Selmi, C.; De Santis, M. Anti-MDAS5 Antibody Linking COVID-19, Type I
Interferon, and Autoimmunity: A Case Report and Systematic Literature Review. Front. Immunol. 2022, 13, 937667. [CrossRef]
[PubMed]

McHugh, J. COVID-19 linked to rise in anti-MDAJS autoimmunity. Nat. Rev. Rheumatol. 2024, 20, 395. [CrossRef] [PubMed]
Emmenegger, M.; Kumar, S.S.; Emmenegger, V.; Malinauskas, T.; Buettner, T.; Rose, L.; Schierack, P.; Sprinzl, M.F,; Sommer, C.J.;
Lackner, K.J.; et al. Anti-prothrombin autoantibodies enriched after infection with SARS-CoV-2 and influenced by strength of
antibody response against SARS-CoV-2 proteins. PLoS Pathog. 2021, 17, €1010118. [CrossRef] [PubMed]

Cabral-Marques, O.; Halpert, G.; Schimke, L.F.; Ostrinski, Y.; Vojdani, A.; Baiocchi, G.C.; Freire, P.P; Filgueiras, 1.S.; Zyskind, L;
Lattin, M.T.; et al. Autoantibodies targeting GPCRs and RAS-related molecules associate with COVID-19 severity. Nat. Comm.
2022, 13, 1220. [CrossRef]

Sanchez-Vargas, L.A.; Mathew, A.; Salje, H.; Sousa, D.; Casale, N.A.; Farmer, A.; Buddhari, D.; Anderson, K.; lamsirithaworn, S.;
Kaewhiran, S.; et al. Protective Role of NS1-Specific Antibodies in the Immune Response to Dengue Virus through Antibody-
Dependent Cellular Cytotoxicity. J. Inf. Dis. 2024, jiae137, Advanced online publication. [CrossRef]

Rossini, A.; Cassibba, S.; Perticone, F.; Benatti, S.V.; Venturelli, S.; Carioli, G.; Ghirardi, A.; Rizzi, M.; Barbui, T.; Trevisan, R.; et al.
Increased prevalence of autoimmune thyroid disease after COVID-19: A single-center, prospective study. Front. Endocrinol. 2023,
14, 1126683. [CrossRef]

Islam, A.; Cockcroft, C.; Elshazly, S.; Ahmed, J.; Joyce, K.; Mahfuz, H.; Islam, T.; Rashid, H.; Laher, I. Coagulopathy of Dengue
and COVID-19: Clinical Considerations. Trop. Med. Infect. Dis. 2022, 7, 210. [CrossRef]

Obeagu, E.I; Obeagu, G.U.; Aja, PM.; Okoroiwu, G.I.A.; Ubosi, N.I; Pius, T.; Ashiru, M.; Akaba, K.; Adias, T.C. Soluble platelet
selectin and platelets in COVID-19: A multifaceted connection. Ann. Med. Surg. 2024, 86, 4634—4642. [CrossRef]

Modhiran, N.; Watterson, D.; Blumenthal, A.; Baxter, A.G.; Young, PR,; Stacey, K.J. Dengue virus NS1 protein activates immune
cells via TLR4 but not TLR2 or TLR6. Immunol. Cell Biol. 2017, 95, 491-495. [CrossRef]

Lippi, G.; Plebani, M.; Henry, B.M. Thrombocytopenia Is Associated with Severe Coronavirus Disease 2019 (COVID-19) Infections:
A Meta-Analysis. Clin. Chim. Acta 2020, 506, 145-148. [CrossRef]

Xu, P; Zhou, Q.; Xu, J. Mechanism of thrombocytopenia in COVID-19 patients. Ann. Hematol. 2020, 99, 1205-1208. [CrossRef]
de Azeredo, E.L.; Monteiro, R.Q.; de-Oliveira Pinto, L.M. Thrombocytopenia in Dengue: Interrelationship between Virus and the
Imbalance between Coagulation and Fibrinolysis and Inflammatory Mediators. Mediat. Inflamm. 2015, 2015, 313842. [CrossRef]
Putintseva, E.; Vega, G.; Fernandez, L. Alterations in thrombopoiesis in patients with thrombocytopenia produced by dengue
hemorrhagic fever. Nouwv. Rev. Fr. Hematol. 1986, 28, 269-273. [PubMed]

Guo, L.; Zhang, Q.; Gu, X;; Ren, L.; Huang, T.; Li, Y,; Zhang, H.; Liu, Y.; Zhong, J.; Wang, X,; et al. Durability and cross-reactive
immune memory to SARS-CoV-2 in individuals 2 years after recovery from COVID-19: A longitudinal cohort study. Lancet
Microbe 2024, 5, e24—e33. [CrossRef]

Carabelli, A.M.; Peacock, T.P; Thorne, L.G.; Harvey, W.T.; Hughes, J.; COVID-19 Genomics UK Consortium; Peacock, S.J.; Barclay,
WS.S,; de Silva, T.L; Towers, G.J.; et al. SARS-CoV-2 variant biology: Immune escape, transmission and fitness. Nat. Rev. Microbiol.
2023, 21, 162-177. [CrossRef] [PubMed]


https://doi.org/10.1073/pnas.2213361119
https://www.ncbi.nlm.nih.gov/pubmed/36322776
https://doi.org/10.1038/s41598-020-62958-0
https://doi.org/10.3389/fimmu.2022.841126
https://www.ncbi.nlm.nih.gov/pubmed/35360001
https://doi.org/10.1164/rccm.202201-0011OC
https://doi.org/10.3390/pathogens9121060
https://doi.org/10.3389/fimmu.2021.645013
https://doi.org/10.3389/fimmu.2024.1337406
https://doi.org/10.1016/j.autrev.2021.103012
https://doi.org/10.1002/rth2.12809
https://doi.org/10.3389/fimmu.2022.937667
https://www.ncbi.nlm.nih.gov/pubmed/35833112
https://doi.org/10.1038/s41584-024-01134-4
https://www.ncbi.nlm.nih.gov/pubmed/38858603
https://doi.org/10.1371/journal.ppat.1010118
https://www.ncbi.nlm.nih.gov/pubmed/34860860
https://doi.org/10.1038/s41467-022-28905-5
https://doi.org/10.1093/infdis/jiae137
https://doi.org/10.3389/fendo.2023.1126683
https://doi.org/10.3390/tropicalmed7090210
https://doi.org/10.1097/MS9.0000000000002302
https://doi.org/10.1038/icb.2017.5
https://doi.org/10.1016/j.cca.2020.03.022
https://doi.org/10.1007/s00277-020-04019-0
https://doi.org/10.1155/2015/313842
https://www.ncbi.nlm.nih.gov/pubmed/3808936
https://doi.org/10.1016/S2666-5247(23)00255-0
https://doi.org/10.1038/s41579-022-00841-7
https://www.ncbi.nlm.nih.gov/pubmed/36653446

Int. J. Mol. Sci. 2024, 25, 11624 20 of 21

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Sharma, C.; Bayry, J. High risk of autoimmune diseases after COVID-19. Nat. Rev. Rheumatol. 2023, 19, 399-400. [CrossRef]
[PubMed]

Onofrio, L.I.; Marin, C.; Dutto, J.; Brugo, M.B.; Baigorri, R.E.; Bossio, S.N.; Quiroz, ].N.; Almada, L.; Moreno, ER; Olivera, C.; et al.
COVID-19 patients display changes in lymphocyte subsets with a higher frequency of dysfunctional CD8lo T cells associated
with disease severity. Front. Immunol. 2023, 14, 1223730. [CrossRef]

Bobcakova, A.; Barnova, M.; Vysehradsky, R.; Petriskova, J.; Kocan, I.; Diamant, Z.; Jesenak, M. Activated CD8+CD38+ Cells Are
Associated with Worse Clinical Outcome in Hospitalized COVID-19 Patients. Front. Immunol. 2022, 13, 861666. [CrossRef]
Gil-Bescos, R.; Ostiz, A.; Zalba, S.; Tamayo, I.; Bandrés, E.; Rojas-de-Miguel, E.; Redondo, M.; Zabalza, A.; Ramirez, N. Potency
assessment of IFNy-producing SARS-CoV-2-specific T cells from COVID-19 convalescent subjects. Life Sci. Alliance 2023,
6, €202201759. [CrossRef]

Chen, M.; Venturi, V.; Munier, C.M.L. Dissecting the Protective Effect of CD8" T Cells in Response to SARS-CoV-2 mRNA
Vaccination and the Potential Link with Lymph Node CD8* T Cells. Biology 2023, 12, 1035. [CrossRef]

Du, J.; Wei, L.; Li, G.; Hua, M,; Sun, Y,; Wang, D.; Han, K,; Yan, Y.; Song, C.; Song, R.; et al. Persistent High Percentage of
HLA-DR+CD38high CD8+ T Cells Associated With Immune Disorder and Disease Severity of COVID-19. Front. Immunol. 2021,
12,735125. [CrossRef]

Fan, X.; Song, ] W.; Cao, W].; Zhou, M.].; Yang, T.; Wang, J.; Meng, F.-P; Shi, M.; Zhang, C.; Wang, E-S. T-Cell Epitope Mapping
of SARS-CoV-2 Reveals Coordinated IFN-y Production and Clonal Expansion of T Cells Facilitates Recovery from COVID-19.
Viruses 2024, 16, 1006. [CrossRef] [PubMed]

Gongalves Pereira, M.H.; Figueiredo, M.M.; Queiroz, C.P.; Magalhaes, T.V.B.; Mafra, A.; Diniz, L.M.O.; da Costa, L.; Gollob, K.J.;
Antonelli, L.R.D.V,; Santiago, H.d.C. T-cells producing multiple combinations of IFNy, TNF and IL10 are associated with mild
forms of dengue infection. Immunology 2020, 160, 90-102. [CrossRef] [PubMed]

Zhao, J.; Xu, X,; Gao, Y,; Yu, Y,; Li, C. Crosstalk between Platelets and SARS-CoV-2: Implications in Thrombo-Inflammatory
Complications in COVID-19. Int. ]. Mol. Sci. 2023, 24, 14133. [CrossRef] [PubMed]

Davis, H.E.; McCorkell, L.; Vogel, ] M.; Topol, E.J. Long COVID: Major findings, mechanisms and recommendations. Nat. Rev.
Microbiol. 2023, 21, 133-146. [CrossRef] [PubMed]

da Silva, R.; Vallinoto, A.C.R.; Dos Santos, E.J.M. The Silent Syndrome of Long COVID and Gaps in Scientific Knowledge: A
Narrative Review. Viruses 2024, 16, 1256. [CrossRef] [PubMed]

Tully, D.; Griffiths, C.L. Dengvaxia: The world’s first vaccine for prevention of secondary dengue. Ther. Adv. Vaccines Immunother.
2021, 9, 25151355211015839. [CrossRef]

Thomas, S.J. Is new dengue vaccine efficacy data a relief or cause for concern? npj Vaccines 2023, 8, 55. [CrossRef]
Loépez-Medina, E.; Biswal, S.; Saez-Llorens, X.; Borja-Tabora, C.; Bravo, L.; Sirivichayakul, C.; Vargas, L.M.; Alera, M.T.; Veldsquez,
H.; Reynales, H.; et al. Efficacy of a Dengue Vaccine Candidate (TAK-003) in Healthy Children and Adolescents 2 Years after
Vaccination. J. Infect. Dis. 2022, 225, 1521-1532. [CrossRef]

Flacco, M.E.; Bianconi, A.; Cioni, G.; Fiore, M.; Calo, G.L.; Imperiali, G.; Orazi, V.; Tiseo, M.; Troia, A.; Rosso, A.; et al.
Immunogenicity, Safety and Efficacy of the Dengue Vaccine TAK-003: A Meta-Analysis. Vaccines 2024, 12, 770. [CrossRef]
Angelin, M.; Sjolin, ].; Kahn, F.; Hedberg, A.L.; Rosdahl, A.; Skorup, P.; Werner, S.; Woxenius, S.; Askling, H.H. Qdenga®—A
promising dengue fever vaccine; can it be recommended to non-immune travelers? Travel Med. Infect. Dis. 2023, 54, 102598.
[CrossRef]

Kariyawasam, R.; Lachman, M.; Mansuri, S.; Chakrabarti, S.; Boggild, A K. A dengue vaccine whirlwind update. Ther. Adv. Infect.
Dis. 2023, 10, 20499361231167274. [CrossRef] [PubMed]

Young, A. T cells in SARS-CoV-2 infection and vaccination. Ther. Adv. Vaccines Immunother. 2022, 10, 25151355221115011.
[CrossRef] [PubMed]

Najimi, N.; Kadi, C.; Elmtili, N.; Seghrouchni, F; Bakri, Y. Unravelling humoral immunity in SARS-CoV-2: Insights from infection
and vaccination. Hum. Antibodies 2024, 32, 85-106. [CrossRef] [PubMed]

Kim, W. Germinal Center Response to mRNA Vaccination and Impact of Immunological Imprinting on Subsequent Vaccination.
Immune Netw. 2024, 24, €28. [CrossRef]

Scully, M,; Singh, D.; Lown, R.; Poles, A.; Solomon, T.; Levi, M.; Goldblatt, D.; Kotoucek, P.; Thomas, W.; Lester, W. Pathologic
Antibodjies to Platelet Factor 4 after ChAdOx1 nCoV-19 Vaccination. N. Engl. |. Med. 2021, 384, 2202-2211. [CrossRef] [PubMed]
Ikewaki, N.; Kurosawa, G.; Levy, G.A.; Preethy, S.; Abraham, S.J. K. Antibody-dependent disease enhancement (ADE) after
COVID-19 vaccination and beta-glucans as a safer strategy in management. Vaccine 2023, 41, 2427-2429. [CrossRef]

Azim Majumder, M.A.; Razzaque, M.S. Repeated vaccination and ‘“vaccine exhaustion”: Relevance to the COVID-19 crisis. Expert
Rev. Vaccines 2022, 21, 1011-1014. [CrossRef]

Benitez Fuentes, ].D.; Mohamed Mohamed, K.; de Luna Aguilar, A ; Jimenez Garcia, C.; Guevara-Hoyer, K.; Fernandez-Arquero,
M.; Rodriguez de la Pena, M.A.; Garciia Bravo, L.; Jimenez Ortega, A.F.; Flores Navarro, P; et al. Evidence of exhausted
lymphocytes after the third anti-SARS-CoV-2 vaccine dose in cancer patients. Front. Oncol. 2022, 12, 975980. [CrossRef]
Echaide, M.; Chocarro de Erauso, L.; Bocanegra, A.; Blanco, E.; Kochan, G.; Escors, D. mRNA Vaccines against SARS-CoV-2:
Advantages and Caveats. Int. J. Mol. Sci. 2023, 24, 5944. [CrossRef]


https://doi.org/10.1038/s41584-023-00964-y
https://www.ncbi.nlm.nih.gov/pubmed/37046064
https://doi.org/10.3389/fimmu.2023.1223730
https://doi.org/10.3389/fimmu.2022.861666
https://doi.org/10.26508/lsa.202201759
https://doi.org/10.3390/biology12071035
https://doi.org/10.3389/fimmu.2021.735125
https://doi.org/10.3390/v16071006
https://www.ncbi.nlm.nih.gov/pubmed/39066169
https://doi.org/10.1111/imm.13185
https://www.ncbi.nlm.nih.gov/pubmed/32128816
https://doi.org/10.3390/ijms241814133
https://www.ncbi.nlm.nih.gov/pubmed/37762435
https://doi.org/10.1038/s41579-022-00846-2
https://www.ncbi.nlm.nih.gov/pubmed/36639608
https://doi.org/10.3390/v16081256
https://www.ncbi.nlm.nih.gov/pubmed/39205230
https://doi.org/10.1177/25151355211015839
https://doi.org/10.1038/s41541-023-00658-2
https://doi.org/10.1093/infdis/jiaa761
https://doi.org/10.3390/vaccines12070770
https://doi.org/10.1016/j.tmaid.2023.102598
https://doi.org/10.1177/20499361231167274
https://www.ncbi.nlm.nih.gov/pubmed/37114191
https://doi.org/10.1177/25151355221115011
https://www.ncbi.nlm.nih.gov/pubmed/36051003
https://doi.org/10.3233/HAB-230017
https://www.ncbi.nlm.nih.gov/pubmed/38758995
https://doi.org/10.4110/in.2024.24.e28
https://doi.org/10.1056/NEJMoa2105385
https://www.ncbi.nlm.nih.gov/pubmed/33861525
https://doi.org/10.1016/j.vaccine.2023.03.005
https://doi.org/10.1080/14760584.2022.2071705
https://doi.org/10.3389/fonc.2022.975980
https://doi.org/10.3390/ijms24065944

Int. J. Mol. Sci. 2024, 25, 11624 21 of 21

143. Anderson, E.; Powell, M.; Yang, E.; Kar, A ; Leung, T.M,; Sison, C.; Steinberg, R.; Mims, R.; Choudhury, A.; Espinosa, C.; et al.
Factors associated with immune responses to SARS-CoV-2 vaccination in individuals with autoimmune diseases. JCI Insight 2024,
9, €180750. [CrossRef]

144. Yalcinkaya, A.; Cavalli, M.; Aranda-Guillén, M.; Cederholm, A.; Giiner, A.; Rietrae, I.; Mildner, H.; Behere, A.; Eriksson, O.;
Gonzalez, L.; et al. Autoantibodies to protein S may explain rare cases of coagulopathy following COVID-19 vaccination. Sci. Rep.
2024, 14, 24512. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1172/jci.insight.180750
https://doi.org/10.1038/s41598-024-75514-x
https://www.ncbi.nlm.nih.gov/pubmed/39424883

	Introduction 
	Dengue Virus (DENV) 
	Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) 

	Role of Cytokines in DENV and SARS-CoV-2 Infection 
	Interferon Signal Transduction and miRNA 
	Cytokines in Viral Infection and Cytokine Storm 

	Humoral Responses in Dengue and SARS-CoV2 Infections 
	Antibodies in Dengue and SARS-CoV-2 Infection 
	Autoantibodies After Dengue and SARS-CoV-2 Infection 
	Thrombocytopenia in Dengue and SARS-CoV-2 Infections 

	Long-Term Alterations After SARS-CoV-2 Infection 
	Vaccines 
	Dengue Vaccines 
	COVID-19 Vaccines 

	Conclusions 
	References

