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Abstract: Inflammation is the primary cause of many human diseases, including the Zika virus,
Dengue infection, COVID-19 infection, asthma, rheumatoid arthritis, inflammatory bowel disease,
Crohn's disease, and tendinitis. Other diseases that are closely related to Dengue and Zika are also
carried by the same kind of mosquitoes. Zika epidemics in human populations have just recently
happened, but dengue fever is well-known and has long impacted people globally. When the inflam-
matory process is under control, it helps keep the body from disintegrating catastrophically; when it
is not, it damages the body and results in unintentional deterioration. Given the importance of the
pathways linked to inflammation, we have thus chosen to do research that may enable us to under-
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Revised: June 19, 2025 infection, as well as possible targets for herbal remedies. For a very long time, people have em-
Accepted: July 02, 2025 ployed herbal treatments to treat or prevent ailments, including inflammatory problems. They are
Published: July 03, 2025 also an invaluable source of chemical building blocks that have developed into medicines that are

necessary for contemporary health. It is of potential interest to understanding the gene expression

patterns and the altered biological functions as a result of infection and to predict the potential drugs

ISSN: 3049-3315 and the targets. Thus, to target those pathways using herbal drugs, we may have primarily investi-
gated the shared/common pathways and the genes that comprise those processes in this study. By
using in-silico approach, we have compared gene expression profiling, pathway enrichment analy-
sis, network-level comprehension, projected potential genes and pathways, and performed docking
for the top genes/proteins to predict the potential herbal drugs and the targets in order to achieve
this using an integrated computational approach. Based on our analysis, we conclude that a large
fraction of ZIKV and DENV DEGs overlap, and that all of the DENV-induced altered pathways ex-
clusively belong to the ZIKV altered pathway list in terms of biological functions. These findings
suggest that ZIKV and DENYV infections are highly similar in terms of gene expression and possibly
altered biological function levels. Furthermore, we performed docking profiling of the proteins in-
ferred to chosen DEGs based on network analysis against the herbal medicines in order to discover
potential targets for ZIKV and DENV infections with herbal medications. Fisetin appears to be the
most promising among the three drugs selected with respect to Querceting and apigenin.
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1. Introduction

The illnesses known as infectious diseases are brought on by microorganisms such as bacteria, viruses, fungus, or parasites. Our
bodies are home to many species, many of which are beneficial or even safe. However, certain species have the potential to be
harmful under specific conditions. There is a chance that certain infectious diseases will transmit from person to person[1, 2]. The
twenty-first century has seen a number of significant infectious disease outbreaks, the most notable of which being the COVID-19
pandemic, which has had a devastating impact on people's livelihoods and way of life worldwide. The 2009 swine flu pandemic, the
2012 Middle East respiratory syndrome coronavirus outbreak, the 2013—2016 West African Ebola virus disease epidemic, and the
2015 Zika virus disease epidemic all caused significant morbidity and mortality while infecting people in multiple countries. The 2003
coronavirus outbreak associated with severe acute respiratory syndrome was also linked to the 2009 pandemic. Even though
improved sanitation and access to healthcare have led to significant advancements worldwide, the current situation may help us
better understand how much the recent changes in the globe have contributed to an increase in the risk of infectious disease
outbreaks[3-6].

Common human diseases including tuberculosis, polio, smallpox, and diphtheria caused severe morbidity and mortality prior to the
development of immunizations. Along trade routes and with wandering armies, animal diseases like rinderpest, which have
devastating impacts on livestock and dependent human populations, also spread simultaneously. However, within the past 20 years,
there has been a decrease in the overall mortality and morbidity linked to infectious disorders, particularly for diarrheal disease and
lower respiratory tract infections. This is brought about by developments in medicine, more access to healthcare, and better
cleanliness. The rapid development of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccine is evidence of
the efficacy of modern research in quickly thwarting threats from novel viruses. In low- and lower-middle-income nations, the burden
of infectious diseases remains substantial, and high rates of death and morbidity are still linked to neglected tropical diseases such
tuberculosis, HIV infection, and malaria. Furthermore, the mortality rate from newly and re-emerging infections has remained constant
in the twenty-first century, in contrast to seasonal and endemic disorders. This suggests that a new era of infectious sickness may
be upon us, one in which endemic, emerging, and reemerging ilinesses spread quickly due to shifting geographic ranges brought on
by climate change and increased global connectivity[7-10].

Previous studies have shown how human-caused changes in technology, demographics, and climate have altered the risk
environment for infectious diseases over the last 20 years. Although not specifically discussed, the three factors—technology,
demography, and climate—are greatly influenced by economic trends, particularly economic development. Both the Dengue Virus
(DENV) and the Zika Virus (ZIKV) are dangerous human diseases that belong to the Flavivirus genus. Dengue Virus (DENV) and
Zika Virus (ZIKV) are closely related flaviviruses that can cause serious, life-threatening, or incapacitating iliness, despite the fact
that most human infections are asymptomatic. Of all the flaviviruses, DENV, with its four serotypes (DENV-1-4), causes the greatest
disease burden, infecting about 390 million people and killing 21,000 of them annually. While infection during pregnancy can infect
the developing foetus, cause early pregnancy loss, or cause developmental and neurological disabilities in neonates, ZIKV is mono-
serotypic and causes significantly fewer fatalities. The primary mosquito vectors of ZIKV and DENV are members of the Aedes genus.
The principal vectors of the Dengue and Zika viruses are mosquitoes of the Aedes species, particularly Aedes aegypti, which is widely
distributed in the tropics and subtropics[11]. Any of these viruses can induce an acute iliness that includes infection along with fever,
rash, myalgia, and arthralgia. Because they share a vector, both viruses co-circulate throughout tropical and sub-tropical regions of
Africa, Asia, and the Americas. It is estimated that almost one-third of the world's population lives in areas where DENV infection is
prevalent[12]. Unbelievably, the global spread of both of these viruses has lately expanded dramatically due to factors like climate
change and globalization. Not all viruses have a specific antiviral treatment at this time, even though DENV and ZIKV are serious
threats to human health and have a substantial socioeconomic impact on many of the world's least developed nations[4, 13-17].
The stages in the formation of novel diseases include emergence, local-scale transmission, cross-border movement, and possible
global-scale dissemination. Global changes may have an impact on various aspects of the risk of emergence, the dynamics of illness
within a local community, and the global transmission of diseases between populations. Herbal medicine, sometimes known as
herbalism, is a field of traditional medicine that teaches using medicinal herbs[18-20]. Medicinal herbs have been used for iliness
prevention since ancient times[7-17]. Novel drugs have been developed using medicinal plants. The use of herbal medicine has
grown in popularity recently because of its cost-effectiveness and beneficial effects. The anti-oxidant, anti-cancer, anti-mutagenic,
antiviral, antibacterial, and anti-inflammatory qualities of gingerol, curcumin, and other active ingredients[9, 18-22]. Having observed
such intricacy, we examined the association between the two most prevalent infectious diseases in humans, ZIKV and DENV
infection, at both the functional and gene expression levels, with a focus on developing countries. Furthermore, we aimed to find the
most appropriate putative herbal drugs to jointly target these two diseases. Thus, to predict herbal medications and their targets, we
have also examined the most important genes and functions using a network biology approach and docking analysis.
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2. Methods

Data collection and processing: To proceed towards achieving our designed goals we have been through the relevant datasets
freely available on freely available database that is GEO. Here, we focused on the quality of datasets and the number of samples to
select the dataset for analysis. In order to obtain the relevant data, we first chose the relevant dataset from the GEO database. Based
on sample size and qualty, we processed the data untli normalisation, selecting GSE98889
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE98889) for ZIKV and GSE51808
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE51808) for DENV. All mapped genes had their log2 values estimated
following normalisation to prevent noise and the lowering of too high intensity. We compared the target samples (infected with ZIKV
or DENV) with the normal samples (DEGs) to produce the lists of differentially expressed genes for the relevant disease.
Normalization and gene expression calculation: In general, intensity calculations, normalisation, and raw file processing are the
three core processes that comprise the overall steps for generating the important genes lists for the expression dataset generated
by microarray chips. GCRMA, RMA, and EB are the three normalisation methods that are most commonly used. We proceed with
our goal of understanding the patterns of gene expression and their assumed functions after normalisation. Here, GEO2R, the built-
in GEO tool, has completed each of these tasks[23-27]. The pathway enrichment analysis and the DEGs both had threshold p-values
of 0.05. For network and pathway analysis, we have written our own code and utilised the KEGG database[20, 26, 28-36].
DEGs network mapping and analysis: Throughout the entire experiment, the DEGs networks were obtained using FunCoup2.0,
and the networks were shown using Cytoscape[37]. We have mostly used MATLAB for our programming and computations. FunCoup
anticipates four fundamental types of functional coupling or links: protein complexes, physical interactions between proteins,
metabolism, and signaling pathways, to mention a few. While there are other relevant network databases (StringDB, BioGRID, MINT,
DIP, HPRD, etc.) and visualizing tools (Pajek), we have chosen FunCoup and Cytoscape above the others due to their ease of use
and handling[36, 38-41].
Protein structure preparation for docking research and modelling of three-dimensional structures: After analyzing
differentially expressed genes, network-level understanding, and the altered biological functions, we employed docking against the
three selected herbal medicines (between diabetes and cancer) for the shared differentially expressed genes. For this, the structures
for the three chosen herbal medications from the PubChem database were collected[35, 42]. These drugs were selected based on
the previous published work.
The UniProt database (https://www.uniprot.org/) provided the protein sequences of the proteins that were used for docking and the
3D protein structures were predicted from the protein sequence by using swissmodel. The ligands Apigenin (52804431), Fisetin
(52816141), Quercetin (52803431), and Resveratrol (4451541) were obtained in SDF format from the PubChem database, which
may be accessed at https://pubchem.ncbi.nim.nih.gov. We used PyMol to visualize the structure of ligands and proteins. The Swiss
Model website, https://swissmodel.expasy.org/, was used to model the homology of the aforementioned proteins. The GMQE,
QMEANDiIsCo, and QMEAN Z-score analyses were used to select the simulated structures. Greater values indicate better anticipated
quality. The global QMEANDisCo and GMQE models provide an overall model quality range of 0 to 1. After hydrogen atoms were
added, the Swiss PDB Viewer was used to lower the energy of the three-dimensional structure of proteins while keeping all other
parameters at their default values[43-46].
Prediction of active binding sites: The total number of active sites, together with details about their average cavity volume, amino
acid sequence, and cavity placements, were found using a search engine. Consequently, the binding pocket of every protein
described above was estimated by utilizing Discovery Studio and the CASTp server with the standard probe radius of 1.4[47-49].
Molecular docking studies: PyRx (AutoDock Vina) was used to conduct the molecular docking experiment. For docking, the
atomic coordinates of the ligand and protein were transformed to pdbqt files. Using AutoDock Vina and grid box measurements with
preset size and spacing pointing in the x, y, and z dimensions, the binding pocket was built. The docking investigations were con-
ducted using the predefined default settings. The compounds with the lowest binding free energy (AG), the most hydrogen bonds,
and other hydrophobic interactions were also shown to have the best binding arrangements. PyMol and Discovery Studio were used
to analyze the complex interactions, which included halogen bonds, alkyl, pi-alkyl, pi—pi T-shaped, pi-sigma, pi-sulfur, and hydrogen
links as well as carbon-hydrogen bonds and van der Waals contacts[36, 44, 50-55].

3. Results

Comparative gene expression and functional profiling: For the selected diseases, ZIKV and DENV, we have conducted
comparative gene expression investigations. The expression datasets for these studies were gathered from the Gene Expression
Omnibus (GEO), a publicly accessible database. We utilized the built-in tool GEOZ2R to analyze the gene expression datasets. First,
we divided the samples into two groups (control and targets/ZIKV or DENV infected samples), and then we carried out the analysis
that resulted in the creation of a list of differentially expressed genes. The fold changes, p-values, and additional statistical information
are included in this gene list. The cut-off for p-values and fold changes has been applied here.
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Following the creation of the list of genes that were differentially expressed, we looked into the implications of altered gene expression
at the functional level, utilizing pathway enrichment analysis. We obtain a list of routes along with their p-values by doing pathway
enrichment analysis, and we utilize this list to determine statistical significance. Venn diagrams were produced for the enriched
pathways and list of DEGs at various ZIKV infection time points (12 hours, 24 hours, 48 hours, 72 hours, and 9 days). For all time
points in the gene expression profiling, only 19 DEGs were frequent. The DEGs for 12 hours, 24 hours, 48 hours, 72 hours, and 9
days, respectively, were 37, 625, 239, 349, and 219 (Figure 1a). For 12 and 24 hours, 12 and 48 hours, 12 and 72 hours, 12 hours,
and 9 days, respectively, 57, 32, 34, and 25 DEGs were prevalent. For 24 and 48 hours, 24 and 72 hours, and 24 hours and 9 days,
respectively, 426, 179, and 132 DEGs were prevalent. For 48 and 72 hours, 48 hours and 9 days, and 72 hours and 9 days,
respectively, 198, 145, and 156 DEGs were prevalent. In a similar vein, some DEGs were shared by three or four distinct infection
time points.
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Figure 1. Gene expression profiling and pathways enrichment analysis. (a) and (b) venn diagram to display the common and
exclusive DEGs and enriched pathways. (c) Enriched pathways at 12hrs of ZIKV infection. (d) Enriched pathways at 24hrs.

We can see that two enhanced pathways were present at every infection time point based on the enriched pathway venn diagram
analysis. For 24 hours, 48 hours, 72 hours, and 9 days, respectively, the 15, 3, 2, and 1 enriched pathways were specific. There were
two common enriched routes between 12 and 24 hours, 12 and 48 hours, 12 and 72 hours, and 12 hours and 9 days, in that order.
There were common enriched pathways between 24 and 48 hours, 24 and 72 hours, 24 hours and 9 days, 48 and 72 hours, 48 hours
and 9 days, and 72 hours and 9 days, corresponding to 57, 58, 18, 50, 17, and 17 enriched pathways (Figure 1b). The 12 hour
infection period was associated with enriched cytokine-cytokine receptor interaction and TNF signaling pathways, which were likewise
enriched for all other ZIKV infection time points and are well-established for the majority of infection cases (Figure 1c). Among the
highly enriched pathways at 24 hours of ZIKV infection were MAPK signaling, cytokine-cytokine receptor interaction, PI3K-AKT, TNF
signaling, NK cell-mediated cytotoxicity, apoptosis, FoxO signaling, neurotrophin signaling, NF-kB, TLR, cell cycle, and neuroactive
ligand-receptor interaction (Figure 1d). For the majority of illnesses, all of these routes seem to be very relevant. Among the
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substantially enriched pathways for 48 hours of ZIKV infection were TNF signaling, MAPK, PI3K-AKT, cytokine-cytokine receptor
interaction, NF-kB, FoxO, TLR, CAMs, NK cell-mediated cytotoxicity, antigen presentation and processing, JAK-STAT, cell cycle,
and apoptosis. Most of the significantly enriched pathways were common with 24 and 48 hours after infection for 72 hours and 9
days (Figure 2a—2c). Based on these findings, we can conclude that the length of the infection may increase the number of altered
biological processes, but overall the major pathways stay the same for the whole period of the infection, with the exception of the first
12 hours.
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the ubiquitin proteasomal system, among other pathways that may also represent immune system components. We have also seen
markedly changed pathways in this area. For the majority of ZIKV infection time durations after 12 hours, the highly enriched pathways
included cytokine-cytokine receptor interaction, TNF signaling, NK cell-mediated cytotoxicity, apoptosis, FoxO signaling, neurotrophin
signaling, NF-kB, TLR, inflammatory mediator regulation of TRP channel, TCR signaling, TGFB signaling, and neuroactive ligand-
receptor interaction (Figures 1c, 1d, 2a, 2b, and 2c).

Following our investigation of the ZIKV infection gene expression patterns, we applied the same methodology to the DENV infection,
comparing the enriched pathways and the DEGs associated with DF, DHF, convalescent, and overall infections (Figure 3a). In order
to identify the shared DEGs and biological roles between ZIKV and DENV, we have finally created a list of all DEGs as well as the
enriched pathways of both diseases (Figure 3b). In the event of a DENV infection, DF, DHF, convalescent, and overall DEGs shared
a significant number of DEGs, and nearly all of the pathways were shared by all of them with very few exceptions (Figure 3a). When
DEGs and enriched pathways between ZIKV and DENV were compared, it was found that 126 DEGs and 56 enriched pathways
were shared by both illnesses (Figure 3b). There were 60 enriched pathways that were exclusive to ZIKV and no pathways that were
specific to DENV. Of these, 1849 DEGs were specific to ZIKV and 696 DEGs were specific to DENV.

Docking profiling reveals potential putative targets against ZIKV and DENV: Lastly, we have looked into possible herbal
remedies for the widespread conditions that are present in each of these illness cases. This study provides additional putative
biomarkers in addition to the suspected herbal medications. Based on docking profiling, we find that IFNG has AG = -7.9 kcal/mol;
NOS2 has AG =-9.2 kcal/mol; SLC11A1 has AG = -8.8 kcal/mol; IL4 has AG = -7.2 kcal/mol; TLR4 has AG =-7.1 kcal/mol; and IL1B
has AG = -7.0 kcal/mol. Table 1 displays the majority of the target proteins that have a higher binding affinity with fisetin. Additionally,
we delved deeply to find the precise binding pocket, as depicted in Figure 4. Docking investigations lead us to the conclusion that
fisetin may be a viable herbal medicine intended to target ZIKV and/or DENYV infection in humans.
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Figure 3. Comparative analysis of gene expression and biological functions. (a) DEGs of DF, DHF, and convalescent and the
enriched pathways of DF, DHF, and convalescent. (b) Comparison between the DEGs and the enriched pathways of ZIKV and DENV.
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Figure 4. Docking profiling. (a)—(p) represents the docking profiling for the important proteins which could be the potential
targets of the herbal drugs quercetin, apigenin, and fisetin.

Table 1: List of top enzyme-ligand complex showing remarkable binding energies
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S. No. Enzyme-ligand complex Binding energy (Kcal/mol) Number of HBs
1. ARHGAP15-Quercetin -7.0 2
2. FOXO1-Apigenin -6.4 1
3. FOXO3-Apigenin -6.4 2
4. IFNG-Fisetin -7.9 3
5. IFNGR-Fisetin -6.8 3
6. IL1A-Fisetin -5.8 2
7. IL1B-Apigenin -7.0 2
8. IL4-Fisetin -7.2 3
9. IL10-Apigenin -6.9 2
10. IL13-Fisetin -5.9 3
11. MBP(MBL)-Resveratrol -6.2 2
12. NOS2-Fisetin -9.2 2
13. SLC11A1-Fisetin -8.8 4
14. TLR2-Apigenin -7.9 1
15. TLRA4-Fisetin -71 1
16. TNFA-Quercetin -6.2 2
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4. Discussion

We used publicly accessible information to compare the gene expression patterns for human ZIKV and DENV infections, and we also
carried out pathway enrichment analysis. After the DEGs and enriched pathways were identified as common and particular
DEGs/biological activities in the cases of ZIKV and DENV infections, the DEGs and pathways were further compared for both cases.
We find that a large fraction of ZIKV and DENV DEGs overlap, and that all of the DENV-induced altered pathways exclusively belong
to the ZIKV altered pathway list in terms of biological functions. These findings suggest that ZIKV and DENV infections are highly
similar in terms of gene expression and possibly altered biological function levels. Furthermore, we performed docking profiling of the
proteins inferred to chosen DEGs based on network analysis against the herbal medicines in order to discover potential targets for
ZIKV and DENYV infections with herbal medications. This work offers a unique comparison of the important changes in gene
expression and the functional changes that occurred after possible herbal medicines.

Dengue and Zika are mosquito-borne flaviviruses that are closely related in terms of their cycles of transmission, prevalence in the
tropics, and sickness symptoms. The primary flaviviruses carried by Aedes mosquitoes in the tropics and subtropics are the four
Dengue viruses; however, the recent emergence of the Zika virus has confounded the selection and interpretation of diagnostic tests.
The principal vectors of the Dengue and Zika viruses are mosquitoes of the Aedes species, particularly Aedes aegypti, which is widely
distributed in the tropics and subtropics. Any of these viruses can induce an acute illness that manifests as an infection along with
symptoms like fever, rash, myalgia, and arthralgia. A small percentage of hospitalized patients would experience fewer than 5% case-
fatality rate due to clinical management of severe Dengue, which can be fatal in some cases. Dengue has been more common during
the past few decades, doubling every ten years, with an estimated 58 million cases of symptomatic illnesses and 13,000 deaths
worldwide in 2013[4-6, 26, 56-68].

Infections with the Dengue and Zika viruses usually show no symptoms. It takes a few days to two weeks from the moment of infection
to the point at which symptomatic individuals begin to develop the disease. The best times to find serum RNA from the Dengue and
Zika viruses are two days prior to and one week following the onset of sickness. It could take longer for certain people, especially
pregnant women, to recognize the Zika virus's nucleic acid. Zika virus RNA has also been found in a number of body fluids, including
as breast milk, urine, saliva, amniotic fluid, whole blood, and semen. Some data indicate that viral RNA might be present in some of
these specimens for extended periods of time or at higher concentrations. Similar to Dengue viral RNA detection, the incidence and
duration of serum NS1 (Dengue virus nonstructural protein-1) antigen detection are comparable[68-80].

Numerous human disorders, including asthma, rheumatoid arthritis, inflammatory bowel disease, Crohn's disease, and tendinitis, are
known to be significantly influenced by inflammation. We also see that many immune system and inflammation-related pathways
were changed in this instance[21, 31, 50-56]. Chronic inflammatory response has a critical role in the development of Alzheimer's
disease, diabetes, atherosclerosis, cancer, and obesity. When the inflammatory process is in control, it helps keep the body from
collapsing catastrophically; when it is not, it damages the body and results in unintentional deterioration. As a result, inflammation
may have two negative effects. For a very long time, people have employed herbal treatments to treat or prevent ailments, including
inflammatory problems. They are also an invaluable source of chemical building blocks that have developed into medicines that are
necessary for contemporary health. Their advantages in treating inflammatory diseases, however, have not yet been thoroughly
examined. These days, chemical pharmaceuticals are frequently found on pharmacy shelves. We might take these advanced
chemical treatments for granted. But from ancient times, herbal medicine has been utilized as a rich source of medicinal compounds.
Herbal medicine plays a significant role in both traditional and modern medicine, and this trend is probably going to continue. Since
inflammation is a major factor in the development of many human diseases, it is imperative that we increase our scientific
understanding of the beneficial effects of herbal medicines on inflammatory disorders. It is also believed that further research is
necessary to elucidate the precise molecular actions of herbal remedies. But with its use and application growing quickly, it's important
to recognize the role and promise of herbal therapy in the inflammatory process.

The cytokine-cytokine receptor interaction and TNF signaling pathways were considerably enriched across the various temporal
DEGs study for most of the ZIKV infection time points. These pathways are well-established for the majority of infection patients.
After 12 hours of infection, these pathways were enriched (Figure 1c). FoxO signaling, neurotrophin signaling, apoptosis, PI3K-AKT,
TNF signaling, cytokine-cytokine receptor interaction, NF-kB, TLR, cell cycle, and neuroactive ligand-receptor interaction were among
the most highly enriched pathways. We have examined potential herbal remedies for the infections that are so prevalent in these two
ailments. This work offers hypothetical herbal remedies as well as potential biomarkers. IFNG has a AG value of -7.9 kcal/mol with
fisetin, IL4 has a AG value of -7.2 kcal/mol with fisetin, TLR4 has a AG value of -7.1, and NOS2 has a AG value of -9.2 kcal/mol with
fisetin, according to docking profiling. Among the proteins with higher binding affinities, fisetin was the most often seen target (Table
1).

As a result, this comparative study will provide an overview of the important research reports regarding the biological processes
linked to inflammation and infection, as well as potential herbal remedies for disorders associated with inflammation. Such work could
involve anything from basic research to investigate the potential benefits of herbal remedies for inflammatory conditions to clinical
trials to evaluate those benefits, combinatorial applications of herbal remedies with traditional inflammatory disease treatments, or
analyses of the bioactive compounds in medicinal plant extracts for those conditions. As a result, we view this work as a significant

Global Journal of Basic Science vol 1, issue 9, Jul, 2025 ISSN: 3049-3315



Global Journal of Basic Science Jul 2025 10 of 13

advancement in our knowledge of the immune system's function, as well as the inflection and inflammatory pathways, and potential
herbal remedies for addressing the particular pathways and their essential elements.

5. Conclusions

In this study, we looked at the components of signaling pathways for ZIKV and DENV infection and identified potential targets

and herbal remedies that might be able to impede the signaling pathways that have been triggered. After dividing the patients into
multiple subgroups with similar DEGs, we determined the upstream and downstream signaling pathways of DEGs in each category.
Lastly, we determined which herbal remedies focus on both upstream and downstream signaling. These results suggest that, alt-
hough the main pathways remain largely same, the length of the infection may increase the number of biological processes that are
altered, with the exception of the first phase (i.e., 12 hours). Docking investigations may lead us to believe that fisetin is a promising
herbal medicine to treat human ZIKV and/or DENV infections.
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