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Abstract: Dengue is the most prevalent arthropod-borne disease, causing 100-400 million infections
annually. Symptoms range from asymptomatic to severe, involving hemorrhage and organ failure.
Severe dengue often occurs in secondary infections with different serotypes due to antibody-
dependent enhancement (ADE). During the SARS-CoV-2 pandemic, cross-reactions between dengue
and SARS-CoV-2 antibody tests have been reported, due to antibody cross-reactivity between the
dengue envelope protein and SARS-CoV-2 S1-RBD protein. This study aimed to analyze differences
in the serum proteome of dengue patients with and without SARS-CoV-2 IgG antibodies, to elucidate
proteins related to ADE. We conducted a bottom-up label-free proteomic analysis of serum from
healthy donors and dengue patients, with or without SARS-CoV-2 IgG antibodies, followed by gene
ontology analysis. We identified 1,122 protein sequences, 296 of which were gene-associated. Proteins
from dengue patients with both antibodies are involved in immune regulation, humoral response,
blood coagulation, and platelet degranulation. Unique proteins were coagulation factor XIII B chain,
thrombospondin, Antigen KI-67, bone marrow proteoglycan, and colorectal cancer mutant protein.
Our results indicate that SARS-CoV-2 IgG antibodies in dengue infection cause differential protein
expression, linked to platelet activation, which may increase the risk of disease severity and may
explain thrombocytopenia mechanisms in dengue patients.

Keywords: Dengue; SARS-CoV-2; Protein expression; Disease severity; Antibody-dependent
enhancement (ADE)

1. Introduction

Dengue is an arthropod-borne disease, with a global prevalence, affecting 100-400 million
individuals annually. The clinical spectrum encompasses asymptomatic cases, febrile manifestations,
and severe presentations associated with hemorrhagic complications and organ dysfunction [1].
Severe dengue frequently occurs in secondary infections involving heterologous serotypes, wherein
pre-existing antibody titers correlate with the exacerbation of severe dengue pathogenesis [2]. This
phenomenon, known as Antibody-Dependent Enhancement (ADE), involves the interaction of non-
neutralizing antibodies with the envelope proteins of the dengue virus, resulting in the formation of
virus-antibody complexes. These complexes are subsequently recognized by immune cells, including
macrophages, dendritic cells, and monocytes via Fcy receptors [3,4]. ADE can be classified into two
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primary types: extrinsic and intrinsic. Extrinsic ADE refers to the enhancement of mast cell infection
by virus-antibody complexes, leading to increased viral entry. In contrast, intrinsic ADE involves
intricate molecular mechanisms within the host cell that modulate the innate immune response and
promote viral replication and release [3].

During primary dengue infection, the dengue virus enters host cells primarily through the
canonical receptor DC-SIGN, facilitating endocytosis. Once internalized, pathogen recognition
receptors (PRRs), such as Toll-like receptors (TLR) 3 and 7, detect the viral presence, resulting in the
secretion of interleukin-8 (IL-8) and interferon-alpha (IFN-at). These cytokines activate the Janus
kinase-signal transducer and activator of transcription (JAK-STAT) pathway, leading to the
production of interleukin-12 (IL-12) and interferon-gamma (IFN-y). Collectively, these mediators
orchestrate a T helper type 1 (Th1) antiviral immune response to eradicate infection. However, during
intrinsic ADE, the recognition of virus-antibody complexes through Fcy receptors leads to the
upregulation of negative regulators of TLR signaling pathways, including the TAF family associated
NF-«B activator (TANK) and sterile-alpha and armadillo motif-containing proteins (SARM). This
upregulation results in the inhibition of interferon regulatory factors IRF1 and IRF3 [5]. Additionally,
there is an increased production of IL-10 and IL-6, which further induces the expression of suppressor
of cytokine signaling 3 (SOCS3), a known inhibitor of the JAK-STAT pathway, and IFN-vy signaling.
These alterations collectively promote a T helper type 2 (Th2) immune response that is ineffective
against viral infections, thereby exacerbating disease severity [6].

RNA viruses such as MERS-CoV, SARS-CoV, HIV, and dengue virus are commonly associated
with ADE [7,8]. Notably, ADE can be triggered by antibodies targeting related viruses including Zika
virus [9]. This phenomenon stems from structural similarities or molecular mimicry among viral
proteins, leading to the generation of cross-reactive antibodies, often categorized as non-neutralizing
antibodies. These antibodies fail to effectively opsonize the entire viral particle, enabling the virus to
interact with cellular receptors and circumvent immune detection, thereby facilitating cellular entry
and replication [10]. During ADE, the interaction between suboptimal antibodies and the virus
enhances the viral infectivity. Specifically, when the virus-antibody complex binds to Fc receptors on
immune cells, it promotes complex internalization. Paradoxically, rather than neutralizing the virus,
this process may allow viral evasion of degradation pathways and support replication within
immune cells.

Cross-reactive antibodies can lead to false-positive results in serological diagnostic assays.
Notably, during the early stages of the SARS-CoV-2 outbreak, several patients who were later
diagnosed with COVID-19 initially tested positive for dengue antibodies. This raises significant
concerns regarding the specificity and reliability of serological diagnostics, particularly in areas
where multiple arboviruses are endemic. Such limitations pose considerable challenges for accurate
disease identification and effective public health strategies [11-13].

A study conducted in 2020 revealed the capacity of anti-dengue antibodies to recognize SARS-
CoV-2 antigens [14]. This cross-reactivity is attributed to the structural similarities observed between
the 6LVN chains, components of the SARS-CoV-2 spike protein H2R domain, and various chains of
the dengue virus envelope protein, such as 4CBF, 4UIF, and 5A1Z. Subsequently, researchers
performed serological tests for anti-dengue antibodies in COVID-19 patients and SARS-CoV-2
serological assays in individuals with dengue. The results indicated that patients with COVID-19
tested positive for dengue-specific IgG and IgM antibodies, whereas dengue patients tested positive
for antibodies targeting the SARS-CoV-2 spike protein [15].

In a 2023 study, Cheng et al. extended the previous research by elucidating the cross-reactivity
between anti-dengue antibodies and SARS-CoV-2 proteins. Their findings revealed that antibodies
targeting the envelope (E) protein, precursor membrane (PrM), and non-structural protein 1 (NS1) of
the dengue virus can recognize both the spike protein and S1 receptor-binding domain (51-RBD) of
SARS-CoV-2. Researchers identified specific amino acid sequences involved in this cross-reactivity:
residues 343-347 on SARS-CoV-2 S1-RBD and residues 64-69 on the dengue E protein. Additionally,
Cheng et al. explored the role of anti-51-RBD antibodies in antibody-dependent enhancement (ADE)


https://doi.org/10.20944/preprints202501.1841.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 January 2025 d0i:10.20944/preprints202501.1841.v1

3 of 20

of dengue infections. Experiments in mouse models have demonstrated that these antibodies protect
against hemorrhage and decrease NS1 production [16].

The structural homology between SARS-CoV-2 and dengue virus may account for false-positive
outcomes in serological assays for both infections. Concerning the potential for antibody-dependent
enhancement (ADE) in dengue infections triggered by anti-SARS-CoV-2 antibodies, a single study
has documented this phenomenon [17], whereas another investigation employing anti-51-RBD
antibodies in animal models has dismissed it. Thus, additional validation through clinical trials and
diverse research approaches is crucial to thoroughly elucidate the implications of ADE and cross-
reactivity in regions where both diseases are endemic.

Proteomic analysis serves as a sophisticated method for unraveling protein dynamics during
viral infections, and in dengue research, it has been used to identify potential biomarkers for
prognosticating disease outcomes [18-20]. We employed proteomic analysis to investigate the
potential role of anti-SARS-CoV-2 antibodies in antibody-dependent enhancement (ADE) during
dengue infection. This study commenced with an evaluation of dengue severity markers in patients
diagnosed with dengue who also demonstrated seropositivity for SARS-CoV-2 IgG antibodies.
Following this, we examined serum proteome alterations. The primary focus of our investigation was
to elucidate whether anti-SARS-CoV-2 antibodies could potentially influence the immune response,
as is typically observed in ADE.

2. Materials and Methods

Serum samples from dengue patients were provided by the State Laboratory of Oaxaca in 2023.
Serum samples from healthy donors were obtained by venipuncture. Nineteen patients were enrolled
in this study. Patients were categorized into distinct groups, including the control group (healthy
donors). To classify the patients, we conducted Ab tests for anti-SARS-CoV-2 IgG, Ab anti-dengue
IgG/IgM, Ab anti NS1 protein, protein concentration using the Bradford method, and RT-PCR for
viral identification.

2.1. Antibodies Detection

The anti-SARS-CoV-2 Ab tests were conducted using commercial ELISA immunoassay Kkits
(Euroimmune, Germany) for IgG according to the manufacturer's protocol. Initially, a 1:101 dilution
was prepared using the buffer solution and the patient serum sample. Subsequently, 100 pL of this
dilution was added to each test well and incubated for 60 min at 37°C. After incubation, three washes
were performed using the washing solution. Thereafter, 100 pL of enzyme conjugate was added to
the test wells and incubated for 30 min at 37°C. Three additional washes were performed, followed
by the addition of 100 pL of chromogenic solution. The solution was incubated for 30 min at room
temperature, after which 100 pL of the stop solution was added. Absorbance was measured at a
wavelength of 450-630 nm using a Chromate reader (AwarenessTechnology INC). Anti-dengue IgG-
IgM Ab tests were conducted using the rapid test for detection of IgG and IgM antibodies from
Dengue Duo (Standard Q), in accordance with the manufacturer's protocol.

2.2. RNA Extraction and Detection of Dengue Serotypes Using qRT-PCR

Viral RNA was extracted from 140 puL of each clinical sample in accordance with the
manufacturer's instructions using the QIlAamp Viral RNA Mini Kit (Qiagen, Venlo, Netherlands).
RNA extraction was performed using an automated protocol (Qiagen, Hilden, Germany), with an
elution volume of 60 pL. The RNA intended for use as a template was stored at — 80°C until testing.
qRT-PCR assays were conducted following the Viasure Dengue Serotyping Real-Time PCR Detection
Kit protocol, as specified by the manufacturer. A total of 5 pL template RNA samples (4-140 ng/uL)
and negative and positive controls were added to each well. A Fast ABI 7500 thermocycler (Thermo
Fisher Scientific, Waltham, MA, USA) was used. The PCR procedure was performed with one cycle
at 45°C for 15 min (RT) and one cycle at 95°C for 2 min (initial denaturation), followed by 45 cycles
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at 95°C for 10 s (denaturation) and 60°C for 50 s (annealing/extension (data collection)). A positive
control and a negative control of molecular biology grade were used concurrently in all experiments.
A sample was considered positive if its Ct value was less than 40.

2.3. Protein Integrity

Serum proteins were analyzed using 12% acrylamide SDS-PAGE gel. A 5 ug serum sample
mixed with 1X Laemmli loading buffer was loaded into each well. Electrophoresis was conducted for
90 min at 110V, 3.0 A, and 300 watts in an electrophoresis chamber (Mini-Protean, Bio-Rad). The gel
was subsequently stained with 0.02% Coomassie Blue G-250. Only samples with standard protein
bands ranging from 10 kDa in the human serum were used.

2.4. Label-Free Based Quantitative Proteomic Analysis of Serum Proteome

After classification, a pool was established for proteomic analysis, using serum samples from
each individual. Bottom-up label-free quantitative proteomic analysis was performed using a
minimum of 300 ug of protein per patient pool. Pooled samples were loaded onto an acrylamide
electrophoresis gel, followed by band excision and trypsin digestion (Promega, Madison, WI, USA).
The resulting peptides were resuspended in 20 puL 0.1% formic acid for LC-MS/MS analysis.

Chemicals and Instrumentation. Sigma (St. Louis, MO, USA), dithiothreitol (DTT),
iodoacetamide (IAA), formic acid (FA), and acetonitrile (ACN). Trypsin derived from bovine
pancreas was acquired from Promega (Madison, WI). Ultrapure water was prepared using a
Millipore purification system (Billerica, MA). The experimental assays were conducted using an
Ultimate 3000 nano UHPLC system in conjunction with a Q Exactive HF mass spectrometer (Thermo
Fisher Scientific, USA) fitted with an ESI nanospray source.

Nano LC-MS/MS Analysis. Proteomic analyses were conducted using Creative Proteomics
services (Shirley, NY, USA) with an Ultimate 3000 nano UHPLC system (Thermo Fisher Scientific,
USA), which incorporated a nanocolumn trapping column (PepMap C18, 100 A, 100 pm x 2 cm, 5
um) and an analytical column (PepMap C18, 100 A, 75 um x 50 cm, 2 um). The sample loading was
set to 1 pug. The mobile phase consisted of 0.1% formic acid in water (A) and 0.1% formic acid in 80%
acetonitrile (B). The total flow rate was maintained at 250 nl/min. The LC linear gradient was as
follows: 2-8% buffer B for 3 min, 8-20% buffer B for 56 min, 20-40% buffer B for 37 min, and 40-90%
buffer B for 4 min.

Mass spectrometric analysis. A comprehensive scan was performed across a 300-1,650 m/z range
with a 60,000 resolution at 200 m/z. A full-scan automatic gain control target was established at 3e6.
For the MS/MS scan, the top 20 modes were employed, utilizing the following settings: 15,000
resolution at 200 m/z, 1e5 automatic gain control target, 19 ms maximum injection time, 28%
normalized collision energy; 1.4 Th isolation window. Charge state exclusion was applied to
unassigned, 1, and states exceeding 6. Dynamic exclusion was performed for 30 s.

2.5. Data Analysis

Four raw MS files were analyzed and searched against a human protein database based on the
species of the samples using Maxquant (1.6.2.6). The parameters were established as follows: protein
modifications were carbamidomethylation (C) (fixed) and oxidation (M) (variable); enzyme
specificity, trypsin; maximum missed cleavage 2, precursor ion mass tolerance, 10 ppm; and MS/MS
tolerance, 0.5 Da.

The ratio of abundance (RA) was calculated by comparing protein abundance in the
control/groups of interest. Proteins with RA > 2 were considered to be relatively more abundant in
the acute dengue infection state. Enrichment analysis of biological processes was conducted using
the ShinyGO bioinformatic website 0.77 (Ge SX, Jung D & Yao R, Bioinformatics 36:2628-2629, 2020).
Protein IDs were obtained for each protein using the UniProt ID number.
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3. Results

Patients were classified into four groups: control group (healthy donors), patients with Ab anti
SARS-CoV-2 IgG and NSI1 protein (dengue infection, group one); patients with Ab anti SARS-CoV-2
IgG and Ab anti-dengue IgG (group two); and patients with Ab anti-dengue IgG and NS1 protein
(Group three) (Table 1).

Table 1. Serological and Molecular Profiles of Study Participants Across Groups Based on Anti-SARS-CoV-2 and
Anti-dengue Antibody Status and Dengue Diagnostic Markers.

Ab anti SARS-  Ab anti AbD anti Dengue RT
Group 1D CoV-2IgG  dengueIgG dengue IgM Dengue N51 P(?R T

Control 1 Pos Neg Neg Neg -
Group 2 Pos Pos Neg Neg -
3 Pos Pos Neg Neg -

Group 1. 5162 Pos Neg Neg Pos 23.2

SARS-CoV 4810 Pos Neg Neg Pos 19.3
2-IgG & 4658 Pos Neg Neg Pos 27

Dengue 4972 Pos Neg Neg Pos 30.5

NS1 5088 Pos Neg Neg Pos 32.3

Group 2. 5063 Pos Pos Neg Pos 24.8

SARS-CoV 4947 Pos Pos Pos Pos 30.7
215G, 4548 Pos Pos Neg Pos 25

Dengue 4375 Pos Pos Pos Pos 26.2

NS1 & IgG 4452 Pos Pos Neg Pos 26.6
4556 Pos Pos Neg Pos 23

5098 Neg Pos Neg Pos 32.9

(g;)r‘guz' 5134 Neg Pos Neg Pos 221

NS1 & IgG 4376 Neg Pos Neg Pos 20.2

5062 Neg Pos Pos Pos 24.8

3.1. Serum Proteome Analysis

We identified 1,121 protein sequences in the samples. Sequences without an associated gene and
those identified solely by site were eliminated along with uncharacterized proteins, duplicates, and
gender-related proteins. A total of 296 proteins were identified with high confidence levels. Protein
expression differed among the groups as follows: control group, 236 proteins; group one, 256
proteins; group two, 261 proteins; and group three, 255 proteins. Gene enrichment analysis of
proteins expressed in each group revealed differences in the biological processes occurring during
acute dengue infection under the various evaluated conditions compared to healthy donors, as
illustrated in Figure 1. Regulation of the immune response, humoral immune response, blood
coagulation, and platelet degranulation are processes that exhibit the most notable changes.

d0i:10.20944/preprints202501.1841.v1


https://doi.org/10.20944/preprints202501.1841.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 January 2025 i:10. reprints202501.1841.v1

6 of 20

Group 1. Dengue with Ab anti SARS-CoV 2-IgG positive & Ab

Control group or healthy donors . .
anti-dengue IgG negative
Immune effector proc. = =—————
Response to other organism = s— Immune effector proc. - =—
Response to external biotic s! 1S = e—) N. of Genes Response to external biotic stimulus - =——
Reg. of immune response = s— . 20 Regulated EXO(y
ot Xocy' 0 N. of Genes
equlated e: Si6 = —
Regulated exocytosi * 30 Leukocyte mediated immunity - ——— 35
Exocytosi ® 40 Humoral immune response - =———— ° 30
Humoral immune response = s————y ® 50 Activation of immune response - =————
Activation of immune response = ———— ENdOCYLOSiS - m— 9] 10
ENdOCytosis = =t ® 60 Wound healing - ——@ ® 50
Blood coagulation = =————g Reg. of body fluid levels - =————8 ® 60
Hemostasis = m—— Blood rHoaqu on
- emos J r
C0agulation = =—— -10g10(FDR) . emos . log10(FDR)
n S
Comblecnt actia i oagulation =20
Complement activation = =————e 20 c Jent activation -
Reg. of humoral immune response = =————=e <Pt Reg. of humor nune rasponse 25
Reg. of complement activation = =——— Pl degranulation - =————e o 30
Platelet degranulation = —— o 30 Reg. of complement activation - ——————e LS
Immunoglobulin mediated immune response = =—— m3s Immunoglobulin mediated immune response - =
Humoral immune response mediated by circulating immunoglobulin = =—— Humoral immune 'Qmonsol mediated by circulating immunoglobulin - =————
Complement activation, classical pathway = = amplementactivation; classicat pathwey 98 3 " o
' ' ' ' 0 20 40 60
0 20 40 60 N. of Genes

N. of Genes

Group 2. Dengue with Ab anti SARS-CoV-2 IgG positive & ab anti-  Group 3: Dengue with Ab anti SARS-CoV-2 IgG negative & ab

dengue IgG positive anti-dengue I1gG/ IgM positive
—_— e
—_— - B ———— ]
—_— . —_— -
S
E—— N. of Genes
_— . 20 —_— N. of Genes
. o
—_— . 20
—
* 30 . 30
I ® 40 * 4
—_— ® 50 . ® 50
P ® 0 [ ® &0
| — —_—
—_ log 10{FDR) —_— -log 10(FDR)
: — :
W 20 —— W 20
JE— ;
m s I - s
] - 3 _— = 0
PE— ;
—_— W 35 B = [ el
] —
1 Hurmeral immune response mediats - —
Humoral immune response medi — B ——
[s 20 40
20 40 60 N. of Genes
N. of Genes

Figure 1. Enrichment analysis of the biological processes in the evaluated groups. DV (Dengue virus infection).

3.1.1. Differentially Expressed Proteins (DEPs)

Twelve of the 296 proteins were identified as DEPs across all groups. Three DEPs were exclusive
to the control group: syntaxin-binding protein 5, Galectin-1, and Glucose-6-phosphate isomerase.

Three DEPs were identified in group 1: Coagulation factor IX, Ribosomal protein L19, and
Peptidyl-prolyl cis-trans isomerase B. Five DEPs were found in group 2: Thrombospondin-1,
Colorectal mutant cancer protein, Coagulation factor XIII B chain, Antigen KI-67, and Bone marrow
proteoglycan. Only one DEP was identified in group 3: putative uncharacterized zinc finger protein
814. The functions of most of these proteins have been elucidated, with the exception of the putative
uncharacterized zinc finger protein 814. Expression of Galectin-1, Ribosomal protein L19, Peptidyl-
prolyl cis-trans isomerase B, and Antigen KI-67 has been described during viral infection, although
their specific roles are not fully understood. Proteins such as Coagulation factor IX and Coagulation
factor XIII B chain are altered during dengue infection. The involvement of syntaxin-binding protein
5, Glucose-6-phosphate isomerase, Thrombospondin-1, Colorectal mutant cancer protein, and bone
marrow proteoglycan in viral infection is unknown. However, based on their functions, it is
reasonable to hypothesize that they may play a role in infection. Notably, the bone marrow
proteoglycan found in group two was secreted by activated eosinophils, which are key mediators of
the Th2 immune response. The protein ID and most relevant functions of each DEP are described in

Table 2.
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Table 2. Differential Expression of Proteins (DEP) Across Groups of Interest. Each protein is listed alongside its
UniProt ID, gene symbol, and functional description, highlighting their roles in the immune response,

coagulation, and viral interactions.

Protein Uniprot ID Gen Function
Control group of healthy donors
STXBPS5 inhibits endothelial exocytosis and
promotes platelet secretion. In KO STXBP5
cells increase vWF & P-selectin secretion
Q5T5C0 STXBP5 [21]. In platelets it is important for cargo
release from dense granules, a granules,
and lysosomes as well as for packaging of
some cargo into granules [22].
Gal-1 binds to DENV-1 and inhibits its
Galectin-1 P(09382 LGALS1  adsorption and internalization processes in
ECV-304 cells [23].
In the cytoplasm, catalyzes the conversion
P06744 GPI of glucose-6-phosphate to fructose-6-
phosphate, the second step in glycolysis.
Group 1. Dengue with Ab anti SARS-CoV 2-IgG positive & Ab anti dengue IgG negative
Participates in the intrinsic pathway of
Coagulation factor IX P00740 F9 blood coagulation. Alteration of
coagulation in dengue infection [24,25].
Component of the large ribosomal subunit.
Ribosomal Protein L19 and L22 Modulate
Ribosomal protein L19 P84098 RPL19 TLR3 Signaling [26]. RPL19 is required for
efficient YFV and WNV protein production
[27].
Catalyze the isomerization of peptide
bonds from trans to cis form at proline
P23284 PPIB residues and facilitates protein folding.
Knockdown of CYP isoforms reduces the
replication of flavivirus VLPS [28].
Group 2. Dengue with Ab anti SARS-CoV-2 IgG positive & ab anti dengue IgG positive
TSP1 is a major protein component of Alfa
platelet-granules from which it is rapidly
released during platelet activation. It
Thrombospondin-1 P07996 THBS1 stimulates platelet aggregation [29].TSP1
binds to A3 domain of vWF and may
compete with ADAMTS13 for interaction
with vWEF [30].
Play role in cell proliferation. Colorectal
Cancer Protein Modulates the NF-xB

Syntaxin-binding
protein 5

Glucose-6-phosphate
isomerase

Peptidyl-prolyl cis-trans
isomerase B

Colorectal muFant cancer ., 3508 MCC Pathway' [31]. '
protein Knockdown of MCC induced apoptosis
and inhibited proliferation in human MM
cells [32].

The B chain of factor XIII is not
Coagulation factor XIII B catalytically active, but is thought to
P051 F13B
chain 05160 3 stabilize the A subunits. Alteration of
coagulation in dengue infection [24,25].
Widely used as a marker to assess cell
proliferation, as is detected in the nucleus

Antigen KI-67 P46013 MKI67
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of proliferating cells only. Expressed in
plasmatic cells infected with dengue [33].

Bone marrow P13727 PRG2 Cytotoxin and helm'mt}}otoxm. It causes
proteoglycan platelet activation [34].

Group 3. Dengue with Ab anti SARS-CoV-2 IgG negative & ab anti dengue IgG/ IgM positive

Putative uncharacterized

zinc finger protein 814

B776K7 ZNF814 Unknow function

3.2. Protein Abundance Index

We determined the abundance ratio of proteins (AR) relative to the control group and identified
30 proteins among the groups with an AR > 2.0, as presented in Table 3). Most of these proteins have
been previously identified during viral infections, whereas others play crucial roles in the innate
immune response. Notably, group two exhibited the highest number of proteins with an AR > 2,
totaling 23, followed by group one with 18 and group three with 14.

Table 3. Serum Proteome Changes in Dengue Patients Across Diverse Groups of Interest. This table presents the
abundance ratios and functional roles of various proteins identified in the sera of dengue patients, categorized
into three distinct groups. Group 1 consisted of patients with positive anti-SARS-CoV-2 IgG and negative anti-
dengue IgG; Group 2 included patients with both positive anti-SARS-CoV-2 IgG and anti-dengue IgG; and
Group 3 comprised patients with negative anti-SARS-CoV-2 IgG and positive anti-dengue IgG/IgM. Bold data
show that proteins with RA>2.

Uniprot ID Abundance ratio Protein Function
Grou Grou Grou
pl p2 p3
Antiprotease

plays a role
in hemostatic
balance.
Decreased
levels during
dengue
infection as
part of a
normal
immune
response [35].

P01023 0.67 249 0.28 Alpha-2-macroglobulin

Decreased
expression in
P19823 0.55 210 0.63 Inter-alpha-trypsin inhibitor heavy chain H2 ~ patients with
COVID 19
[36].
Increased
expression
P04217 270 2.66 2.44 Alpha-1B-glycoprotein during
dengue
infection [18].
Increased
expression
P02750 228 218 251 Leucine-rich-alpha-2glycoprotein* during
dengue
infection [18].
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Elevated
during
dengue

infection [18].

P02748 204 475 091 Complement component C9

Unknow
P35542 217 090 1.01 Serum amyloid A-4 protein fun\c}:;c;;)il m
infection.
First
component of
P02746 190 213 1.53 Complement C1q subcomponent subunit B the serum
complement
system.
Involved in
protein-
protein
interactions.
P35858 260 248 331 Insulin-like growt}} factc?r-binding protein complex Reduc§d
acid labile subunit levels in
patients with
severe
COVID 19
[37].
Decreased in
patients with
P04003 0.66 2.48 0.61 C4b-binding protein alpha chain severe
COVID 19
[38].
Participates
P03952 1.57 229 194 Plasma kallikrein. in blood
coagulation.
Decreased in
patients with
Q96PD5 156 141 224 N-acetylmuramoyl-L-alanine amidase. severe
COVID 19
[38].
Constituent
of the
membrane
attack
complex
(MACQ).
elevated
levels of

P10643 239 4.36 3.43 Complement component C7

expression
during
dengue
infection in
U937 cells
[39].
Involve in
Q96L50 7.51 4.20 8.03 Leucine-rich repeat protein 1 protein
modification

P10809 1.19 3.09 0.14 60 kDa heat shock protein, mitochondrial
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and
ubiquitinatio
n. Unknow
function in
viral
infection.
Low level in
acute phase
of patients
with critical
COVID 19
[40].
Inhibits
human

P02753 3.61 191 281 Retinol-binding protein 4/ RBP4

P29622 086 3.01 1.92 Kallistatin kininogenase
activities of
tissue
kallikrein.
Promote
transcription
elongation.

P35269 3.70 054 1.25 General transcription factor IIF subunit/ GTF2F1 Unknow
function in
viral
infection.
Clqis
associated
with the
proenzymes
Clrand Cls
to yield C1.
Elevated
during acute
P02741 210 6.97 0.00 C reactive protein phase in
patients with
DHEF [18].
Up
regulation in
mild COVID
patients as a
protective

P02745 1.69 345 133 Complement C1q subcomponent subunit A

Q96KN2 259 052 1.03 Beta-Ala-His dipeptidase/ CNDP1

mechanism
of oxidative
stress [41].
Involved in
the initial
immune cell
clustering
075882 241 1.13 0.61 Attractin during
inflammatory
response and
may regulate
chemotactic
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activity of
chemokines.
Unknow
function in
viral
infection
Mediates the
proteolytic
cleavage of
QI9NZP8  2.08 239 1.25 Complement Clr subcomponent-like protein =~ HP/haptoglo
bin in the
endoplasmic
reticulum.
Binds to actin
filaments.
Hight levels
in patients
with severe
dengue [42].
Elevated
levels in
plasma
P08571 6.01 4.27 4.22 Monocyte differentiation antigen CD14 during acute
phase of
dengue fever
[43].
Interconverts
simultaneous
ly and
stereospecific
ally pyruvate
and lactate.

P09493 248 2.69 2.66 Tropomyosin alpha-1 chain/TPM1

P07195 224 218 1.89 L-lactate dehydrogenase B chain

Unknown
function in
viral
infection.
Participation
in glycolysis
and
gluconeogene
sis. Up
regulated
during acute
phase of
infection with
RSV [44].
Major
function in
hemostasis.
P02679 0.69 095 2.06 Fibrinogen gamma chain/ FGG Alteration of
coagulation
in dengue
infection[45].

P60174 178 2.84 2.05 Triosephosphate isomerase/ TPI1
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P43251 1.71 3.44 247

P06748 446 6.20 3.16

P06454 3.89 5.17 5.75

Proteins with
ARS2 18 23 14

Catalytic
release of
biotin from
Biotinidase/ BTD biocytin.

Unknow
function
during viral
infection.
Involved in
diverse
cellular
processes.
Enhanced
expression in
HEK?293
cells infected
with CHIKV
[46].
May mediate

Nucleophosmin/ NPM1

immune
function by
conferring
resistance to
certain
opportunistic
infections.
DENV
infection
upregulates
PTMA
Prothymosin alpha/ PTMA expression,
leading to
suppressing
megakaryopo
iesis. Plasma
levels are
elevated in
dengue
patients and
DENV-
infected
megakaryobl
asts [47].

4. Discussion

Severe dengue is associated with several risk factors, including age, comorbidities, and
subsequent infections with different serotypes. The potential role of anti-SARS-CoV-2 antibodies as
non-neutralizing antibodies in dengue infections and their capacity to trigger ADE is a critical
consideration of the cross-reactivity observed between these two viruses.
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In this study, we conducted a comprehensive proteomic analysis of the serum of patients with
acute dengue infection, stratified based on the presence of anti-SARS-CoV-2 IgG, anti-dengue
IgG/IgM antibodies, or both. Our high-throughput analysis identified 1,196 protein sequences, of
which 296 were associated with known protein genes. Comparative analysis of protein expression
profiles revealed distinct differences between healthy donors and infected patients, indicating
significant alterations in the serum proteome during dengue infection. We observed a notable trend
in protein expression among the patient groups. Patients with either anti-SARS-CoV-2 IgG (group 1)
or anti-dengue antibodies (group 3) exhibited similar numbers of expressed proteins (256 and 255,
respectively). However, the most striking observation was in group 2, comprising patients with both
anti-SARS-CoV-2 IgG and anti-dengue IgG/IgM antibodies, which demonstrated the highest number
of expressed proteins (261).

This differential protein expression pattern aligns with the established understanding of
antibody-dependent enhancement (ADE) in dengue infections. Heterologous antibodies, particularly
those from different dengue serotypes, can exacerbate ADE clinical manifestations. Recent evidence
has extended this concept to antibodies against other flaviviruses, such as Zika [9] and even anti-
SARS-CoV-2 antibodies, as evidenced by a fatal case of dengue attributed to ADE induced by anti-
SARS-CoV-2 IgG antibodies [17]. The observed increase in protein expression in group 2 supports
our hypothesis that the presence of both anti-SARS-CoV-2 and anti-dengue antibodies may
synergistically enhance ADE, potentially leading to more severe dengue manifestations. This finding
is particularly significant, as it suggests that individuals with prior SARS-CoV-2 exposure may be at
a higher risk for severe dengue outcomes, a critical consideration in regions where both diseases are
endemic. Furthermore, the elevated protein expression in Group 2 may reflect a more robust and
potentially dysregulated immune response, a characteristic of ADE. This heightened protein
expression could be indicative of increased viral replication, enhanced inflammatory responses, and
altered cellular signaling pathways, all of which are hallmarks of ADE-mediated severe dengue
infections.

Through comprehensive enrichment analysis of gene expression patterns, we identified
significant alterations in key biological processes associated with dengue pathogenesis. The most
striking findings emerged in four critical domains: immune response regulation, humoral immune
response, blood coagulation, and platelet degranulation. These processes were markedly
upregulated in dengue patients compared to healthy controls, with particularly pronounced effects
in patients harboring both anti-SARS-CoV-2 and anti-dengue antibodies (Group 2).

Enrichment analysis revealed a robust immune response signature, with the immune effector
process and the response to external biotic stimuli showing the highest number of associated genes.
This pattern was consistently elevated across all patient groups but reached its peak in group 2,
suggesting potentially excessive immune activation in patients with dual antibodies.

The blood coagulation pathway showed significant enrichment, with multiple genes involved
in hemostasis and differential expression of platelet function. This finding aligns with the clinical
manifestations of severe dengue, in which coagulopathy plays a central role in disease progression.
Platelet degranulation-related genes showed marked upregulation, particularly in Group 2,
indicating enhanced platelet activation and consumption. This observation provides a molecular
basis for the increased risk of bleeding complications in patients with severe dengue.

The most compelling finding was the consistently higher gene enrichment scores in Group 2
across all analyzed biological processes. This pattern suggests that the presence of both anti-SARS-
CoV-2 and anti-dengue antibodies may create a synergistic effect, potentially amplifying the immune
response and associated pathological processes.

The enhanced activation of these pathways, particularly in group 2, provides molecular evidence
for the increased risk of disease severity in patients with dual antibodies. The simultaneous
upregulation of the immune response and coagulation pathways suggests a complex interplay
between immune activation and hemostatic dysfunction, potentially contributing to more severe
clinical manifestations. This provides crucial molecular insights into the mechanisms underlying
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severe dengue manifestations and suggests that the presence of anti-SARS-CoV-2 antibodies may
contribute to disease severity through enhanced immune activation and coagulation dysfunction.
This understanding has important implications for the clinical management and risk assessment of
dengue patients with prior SARS-CoV-2 exposure.

Analysis of differentially expressed proteins (DEP) in each group revealed significant findings.
In healthy groups, the presence of Galectin-1/LGALS1 has been shown to suppress viral replication
in both cell culture and murine models. Its absence in our patients facilitated dengue replication [23],
underscoring its crucial role during infection, although the underlying mechanism remains elusive.
The syntaxin-binding protein 5/STXBP5, which is synthesized in endothelial cells and platelets, is an
intriguing case. While its involvement in dengue infection is not well documented, studies have
shown that endothelial cells lacking this protein exhibit increased P-selectin expression and elevated
vWF levels in the plasma [21], promoting platelet adherence and agglutination [48]. This
phenomenon has also been observed in dengue infections. Furthermore, STXBP5 knockout in mice
results in reduced PF4/CXCL4 secretion from platelets [22]. Given that low PF4/CXCL4 levels
correlate with dengue severity, although the cause remains unclear [49], the absence of STXBP5 in
groups 1, 2, and 3 may suggest a link between dengue virus and STXBP5 downregulation, which may
explain the decreased PF4 synthesis in platelets and warrants further investigation. Glucose-6-
phosphate isomerase/GPI, a critical glycolytic enzyme, plays an unclear role in viral infection.
However, considering that microorganisms often utilize the Warburg pathway for efficient energy
production during replication [50], the absence of this protein in dengue patients may represent a
host defense mechanism to impede this metabolic pathway and combat infection. Further research is
needed to substantiate this hypothesis.

Differentially expressed proteins (DEPs) in group one, specifically ribosomal protein L19/RPL19
and Peptidyl-prolyl cis-trans isomerase B/PPIB, have been identified as crucial host factors in the
replication of flaviviruses such as Yellow Fever Virus (YFV) and West Nile Virus (WNV) [27,28]. The
detection of coagulation factor IX indicates an ongoing coagulation process. Disruptions in
coagulation during dengue infection have been previously reported [24,25]. The exact mechanisms
underlying this phenomenon remain incompletely understood; however, they may involve platelet
aggregation, leading to microthrombus formation, as well as increased tissue factor (TF) expression
by endothelial cells or activated platelets [51], which subsequently triggers the coagulation cascade.

In the second group, a high number of differentially expressed proteins (DEPs) were identified,
suggesting an accelerated rate of viral replication facilitated by the simultaneous presence of
antibodies targeting both dengue and SARS-CoV-2. Most DEPs are associated with mechanisms
underlying severe clinical manifestations of dengue, potentially driven by the antibody-dependent
enhancement (ADE) phenomenon. Thrombospondin-1/THBS] serves as an indicator of an elevated
platelet activation rate and is released from alpha granules during this process. Enhanced platelet
activation leads to diminished platelet levels due to increased consumption and destruction,
correlating with severe dengue cases, in which NS1 proteins [52] and immunocomplexes are primary
activation triggers [53]. Reduced platelet counts are typically noted in the critical phase of dengue,
commencing three—four days post-infection and manifesting as petechiae on the skin. These low
levels continue through the convalescent phase, generally normalizing within two weeks post-
infection. While the progression of complications is influenced by host factors (age and
comorbidities), earlier platelet activation, such as that during the acute phase in our study subjects,
increases the likelihood of complications. Platelets not only contribute to bleeding, plasma leakage,
and organ failure but also play a crucial role in immune response modulation, stimulating immune
cell activation, and pro-inflammatory molecule release [54].

The presence of coagulation factor XIII B chain/FIIIB in this group suggests potential coagulation
pathway dysfunction, as this protein is crucial for FXIII-A2B2 complex formation. FXIII plays a vital
role in stabilizing fibrin clots at the termination of the coagulation pathway. Despite high FIIIB levels
in normal serum, its absence in other groups, including healthy controls, is noteworthy. We postulate
that in group two, the absence of STXBP5, as seen in Groups 1 and 3, resulted in elevated immature
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VvWF levels, facilitating platelet adherence and microthrombus formation, thus activating the
coagulation cascade. Early coagulation cascade activation in dengue infection is also linked to severe
cases owing to the rapid consumption and depletion of coagulation factors, which become
unavailable in later infection stages to prevent bleeding and plasma leakage [24,25].

Furthermore, the third DEP, Bone marrow proteoglycan/PRG2, which is secreted by eosinophils,
also activates platelets. Eosinophil activation is induced by IL4 and IL10, which are produced in large
quantities during the ADE phenomenon, shifting the immune response from Thl to Th2 [6].
Consequently, the detection of PRG2, FXIIIB, and THBSI1 strongly indicated, based on their functions,
the potential presence of an ADE phenomenon in group 2.

The final DEPs identified in this group, Antigen KI-67/MKI67 and Colorectal mutant cancer
protein/MCC, were involved in cellular replication. Given that these processes are dysregulated in
other infections, it would be valuable to investigate their potential roles in dengue. Finally, Putative
uncharacterized zinc finger protein 814/ZNF814, the only DEPs expressed in group 3, was not
associated with any function, but other proteins that contain the zinc finger domain participate in the
regulation of the immune response during viral infection [55]; therefore, future evaluation of this
protein should be performed.

The final analysis, examining the abundance ratio among the groups, revealed that 30 of the 296
proteins were overexpressed during dengue infection, as demonstrated by AR > 2.0. Upon
examination of each group, it was observed that group two contained the highest number of
overexpressed proteins (23), followed by groups 1 (18 and group three (14. The majority of the
overexpressed proteins have been previously identified in viral infections, including Alpha-2-
macroglobulin, Inter-alpha-trypsin inhibitor heavy chain H2, Alpha-1B-glycoprotein, Leucine-rich-
alpha-2 glycoprotein, Insulin-like growth factor-binding protein complex acid labile subunit, N-
acetylmuramoyl-L-alanine amidase, 60 kDa heat shock protein, mitochondrial, retinol-binding
protein 4/ RBP4, Beta-Ala-His dipeptidase/ CNDP1, Tropomyosin alpha-1 chain/TPM1, monocyte
differentiation antigen CD14, Triosephosphate isomerase/ TPI1, Nucleophosmin/ NPM1 and
Prothymosin alpha/PTMA. Others, such as General transcription factor IIF subunit/ GTF2F1, Serum
amyloid A-4 protein, Leucine-rich repeat protein 1, Attractin, L-lactate dehydrogenase B chain and
Biotinidase/ BTD, currently lack evidence of participation during viral infection. The remaining
proteins are involved in the innate immune response, including C-reactive protein/CRP, complement
components C9, C7, Clq subcomponent subunit B, Complement C1q subcomponent subunit A, C4b-
binding protein alpha chain, and Complement Clr subcomponent-like protein, or in blood
coagulation, such as Kallistatin and Fibrinogen gamma chain/FGG. Dysregulation of proteins in the
complement system during dengue infection has been previously described [18], and it is anticipated
that these proteins were also overexpressed in the patients in this study.

Proteomic analysis revealed a compelling association between the presence of both anti-dengue
and anti-SARS-CoV-2 antibodies and enhanced immune activation patterns, suggesting ADE. This
finding has significant implications for populations in dengue-endemic regions with prior SARS-
CoV-2 exposure, whether through natural infection or vaccination, as it may contribute to increased
disease severity. The observed increase in severe dengue cases and associated mortality in the
Americas following the COVID-19 pandemic, as reported by the WHO/PAHO, adds epidemiological
support to this molecular evidence [56].

However, it is crucial to note that ADE development involves multiple variables in addition to
the presence of antibodies alone. Our findings suggest that anti-SARS-CoV-2 antibodies may function
as an additional risk factor for severe dengue manifestations, acting in concert with established risk
factors including host health status and viral characteristics. This proteomic approach may raise
concerns in biological interpretation, particularly as the differential expression of proteoforms and
protein species across groups of interest underscores the intricate nature of the immune response
during dengue infection, particularly in the context of ADE. The proteins identified in our analysis
not only reflect alterations in immune regulation and coagulation processes but also highlight the
diverse functional roles that different proteoforms may play in pathophysiological contexts.
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The comprehensive proteomic approach employed in this study not only elucidated the
potential mechanisms of disease severity but also identified candidate biomarkers for disease
progression and diagnosis. However, the limitations of our investigation include a potential lack of
comprehensive characterization of all proteoforms present in serum samples, which may influence
our understanding of protein interactions and their biological significance. An additional limitation
is that reliance on bottom-up proteomics techniques may obscure critical post-translational
modifications and variations among protein species, thereby complicating the interpretation of
results.

Despite our findings require validation through subsequent studies, aimed to explore these
aspects further, employing advanced proteomic techniques to elucidate the full complexity of the
dengue proteome and its interactions with antibodies from SARS-CoV-2, this bottom-up proteomic
analysis provides a crucial foundation for understanding the complex interplay between SARS-CoV-
2 and dengue virus infections.

5. Conclusions

Proteomic analysis of serum samples from dengue-infected patients with varying antibody
profiles has revealed significant alterations in key biological processes. Enrichment analysis
demonstrated the upregulation of proteins involved in platelet activation, coagulation cascades, and
Th2 immune responses, particularly in patients with both anti-SARS-CoV-2 IgG and anti-dengue
IgG/IgM antibodies. These molecular signatures parallel those typically observed in secondary
dengue infections characterized by the ADE phenomenon, as evidenced by differential gene
enrichment patterns across immune effector processes and hemostatic pathways. While these
findings provide compelling molecular evidence for the potential ADE-mediated pathogenesis in the
context of dual-antibody presence, further clinical studies are warranted to validate these
observations and establish their therapeutic implications.
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