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Abstract

Arboviral infections, transmitted to humans primarily through arthropod vectors, constitute a significant global health
threat. Arboviruses, such as Dengue, Zika, Chikungunya, and West Nile viruses, continue to cause widespread
outbreaks, necessitating advanced diagnostic tools. Emerging technologies including Lab On A Chip (LOC), Lab
On A Disc (LOAD), Microfluidic Paper-Based Analytical Devices (UPADS), Lateral Flow Devices, CRISPR-CAS
12/13, Quartz crystal microbalance (QCM), and Nano-Technology are evaluated for their potential to enhance
arboviral diagnosis, offering rapid, accurate, and point-of-care solutions. Furthermore, the identification of robust
biomarkers, including Inflammatory Cytokines, Antibodies, Endothelial Activation Products and Indicators of Tissue
or Organ Damage, is crucial for improving the understanding of disease pathogenesis, prognosis, and treatment
response. A comprehensive analysis of potential diagnostics and biomarkers for arboviral infections sheds light
on the evolving strategies to combat these medically significant diseases, ultimately contributing to more effective
surveillance, diagnosis and management worldwide.
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CoBpemeHHas guarHocTuka u Guomapkepbil
ap6oBupyCHbIX UH(peKLnn (0630p BUPYCOB AeHre,
3uka, 3anagHoro Huna v YNKYHryHbs)

Adekola H.A. , Wahab K.A., Odunsi O.E., Abesin T.A., Oyesanya O.A.

PakynsTeT Mukpobuonornm, Yuusepcutet Onabucn OHabaHaxo, Aro-VBoie, Hurepus

Pestome

Ap6oBupyCHble MHMEKUMM, NepedatoLLmMecst YerloBEKY B OCHOBHOM 4Yepes3 UNEHWUCTOHOMMX MEPEHOCHMKOB, Npea-
CTaBnsAT coBON 3HaUMTENBHYHO rMobanbHyH0 Yrpo3y 300POBbI0 HaceneHus. ApboBMPYChI, Takme Kak BUPYChl AeHre,
3uka, YMKyHryHbst U 3anagHoro Huna, npogornkaroT Bbi3biBaTh LUMPOKOMAacLUTabHble BCMbILWKM 3a6oneBaHuin, 4To
TpebyeT NPUMEHEHNS1 COBPEMEHHbIX CPEACTB ANarHoCTUKN. HoBble TeXHOMOMMK, Takue kak «JlabopaTtopus Ha Ymine»
(LOC), «JlabopaTtopus Ha gucke» (LOAD), Mukpodniongnyeckne aHanuTu4eckme yCTponcTea Ha byMmaxkHON OCHoBe
(WPADS), mmyHoxpomatorpacmyeckuii aHamms (MXA), CRISPR-CAS 12/13, ksapueBble Mukposeckl (QCM) u Ha-
HOTEXHOMOMM, OLIEHNBAIOTCS C TOYKW 3PEHUST MX NOTEHLUMana Ans ynyyleHusl AMarHocT1kv ap6oBMpyCcOB, NOCKOMb-
Ky OHV mpeanaraloT GbICTpble, TOYHbIE U TOYeYHble pelueHns. Kpome Toro, BbisiBNEHWEe HadeXHbIXx GMoMapKepos,
BKMOYasi BOCNanuTenbHble LMTOKUHbBI, aHTUTENa, NPOAyKThbl akTMBaUMW 3HOOTENWUS U UHAMKATOPLI NMOBPEXAEHUS
TKaHew Unu opraHoB, MMEET peLUatoLLiee 3HavYeHre AN MyyLllero NoHMMaHusi natoreHe3a 3abonesaHns, MPorHosa u
oTBeTa Ha NeyeHne. BceCTopoHHMI aHanmn3 noTeHumanbHbIX METOAOB AUArHOCTUKY 1 GoMapkepoB ap6oBMPYCHBIX
MHPEKUMIA NPONMBaeT CBET Ha pasBuMBaloLLMecs cTpatern 60pbbbl C 3TUMU 3HAYUMBIMK ANA MeAMUMHbI 3abone-
BaHWSIMU, YTO B KOHEYHOM UTOre CnocoBCTBYET NOBLILLEHWIO 3EKTUBHOCTU HAA30pa, ANArHOCTUKM U NIeYeHUs BO
BCEM MUpe.
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Introduction

Arboviral infections (arthropod-borne viral infections)
represent a category of viral diseases primarily transmit-
ted to both humans and other animals through the bites
of infected arthropods like mosquitoes, ticks, and sand-
flies [1]. These viruses exist within intricate cycles in-
volving both arthropod vectors and vertebrate hosts [2].
Arboviral infections can provoke a broad spectrum of
clinical symptoms, ranging from mild febrile illnesses to
severe, potentially life-threatening conditions [3]. Arbo-
viruses are transferred when an infected arthropod vector
feeds on a susceptible host. The virus multiplies within
the arthropod’s body and subsequently enters the host’s
bloodstream when the feeding process happens. The in-
fected host can exhibit symptoms and act as a source of
infection for other vectors that feed on them [4].

The primary vectors responsible for arboviral trans-
mission encompass mosquitoes, ticks, sandflies and mid-
ges [5]. Distinct arboviruses are associated with specific
vector species. For instance, Aedes mosquitoes are recog-
nized as transmitters of viruses such as dengue (DENV),
Zika (ZIKV) and chikungunya (CHIKV), whereas Culex
mosquitoes are vectors for West Nile virus (WNV) and
Japanese encephalitis virus [6]. The distribution of arbo-
viral infections is often influenced by the geographical
range of these vector species [7]. Regions characterized
by suitable climatic conditions and the presence of com-
petent vectors are at a higher risk of experiencing out-
breaks of these infections [8].

Symptoms of arboviral infections can vary widely but
frequently include fever, headache, joint and muscle pain,
rash and fatigue [9]. In more severe cases, these infec-
tions can lead to neurological complications, hemorrhag-
ic fever, organ failure, and even death [10].

Global burden of arboviral infections

the global burden of arboviral infections is substan-
tial, with millions of cases reported annually [11]. Den-
gue fever alone affects over 100 countries, causing an
estimated 390 million infections each year [12]. Simi-
larly, ZIKV, CHIKV and WNV also contribute to this
burden, affecting various regions [11]. The DENV in-
fection places a significant global burden, with approxi-
mately 3.9 billion people across more than 120 countries
at risk of contracting dengue [13]. Annually, there are
about 100 million symptomatic cases, with approximate-
ly 500,000 severe cases requiring hospitalization [14].
Compared to other arboviral diseases such as dengue, the
global burden of ZIKV infection is relatively lower [15].
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However, it gained significant attention due to its associa-
tion with birth defects, especially microcephaly, in babies
born to infected mothers [16]. Notably, Zika outbreaks
occurred in various regions, particularly in the Americas,
from 2015 to 2016 [17]. Determining the exact number of
ZIKV infections is challenging because many cases are
asymptomatic or present with mild symptoms [18]. Nev-
ertheless, during the outbreaks, thousands of cases were
reported, and ZIKV transmission remains a concern, espe-
cially for pregnant women and their unborn children [19].
Since the early 2000s, multiple chikungunya outbreaks
have been reported, particularly in regions with favorable
mosquito habitats [20]. These outbreaks have resulted in
significant morbidity, affecting both local populations and
travelers [21]. However, quantifying the exact number of
cases is challenging due to underreporting and misdiag-
nosis. WNV has been known to cause neurological con-
ditions like encephalitis and meningitis since its discovery
in the 1930s [22]. Most WNV infections, however, are as-
ymptomatic or result in mild flu-like symptoms. The virus
has been found in various bird species and can spread to
humans through mosquito vectors [23]. Although the ma-
jority of WNYV infections are mild, severe cases can lead
to significant morbidity and mortality, particularly among
older adults and individuals with weakened immune sys-
tems [23]. Presently, the global expansion of the WNV to
colder regions is attributed to climate change [24]. Out-
breaks of WNV infection, particularly linked to significant
bird migration routes, have been documented in various
countries, including Russia, the United States, Greece, Ro-
mania, Canada and others [24]. A typical instance can be
found in the enduring endemic region located in southern
Russia, specifically in the Volgograd region. This area con-
tinues to grapple with the impact of the WNV, exhibiting
the highest recorded number of cases in the country [25].

These infections can result in severe illness, long-term
health complications and even death [26]. Additional-
ly, the economic impact is significant due to healthcare
costs, lost productivity and resources dedicated to control
measures [27].

Potential diagnostics
for arboviral infections

Lab On A Chip (LOC)

Devices known as «lab on a chip» (LOC) handle all
stages of the process, starting from sample purification
and continuing through detection and result interpreta-
tion. The chemicals required for sample testing are of-
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ten pre-loaded onto the instrument or contained in easily
insertable cartridges on the platform, and these systems
typically make use of microfluidics [28].

LOC devices have found utility in diagnosing various
arboviral diseases. Velders et al. (2018) developed an af-
fordable, battery-operated device for on-site ZIKV detec-
tion [29]. Sharma et al. (2020) engineered a microfluidic
platform employing magnetic beads and LAMP to de-
tect ZIKV in approximately 40 minutes [30]. Song et al.
(2016) devised a simple disposable microfluidics cassette
that can detect ZIKV in saliva samples in under 40 min-
utes [31]. Lastly, Ganguli et al. (2017) designed a mi-
crofluidics card combined with LAMP for the detection
of ZIKV, DENV and CHIKV in whole blood samples.
This system uses dried chemicals and offers a smartphone
read-out [32]. Consequently, LOC devices are well-suited
for field testing, point-of-care applications and the diag-
nosis of arboviruses in resource-limited settings.

Lab On A Disc (LOAD)

Similar to LOC (Lab-on-a-Chip) equipment, LOAD
(Lab-on-a-Disc) devices perform various tasks includ-
ing sample preparation, amplification, and result reading.
LOAD relies on centrifugal forces, often coupled with mi-
crofluidics, as described by Wang et al. in 2021, and uti-
lizes specific detecting agents, setting it apart from other
techniques [33]. An example of a commercially available
LOAD system is Diasorin’s LIASON®MDX, which has
been utilized for the identification of pathogens such as
DENYV, SARS-CoV-2, cytomegalovirus (CMV), herpes
simplex virus (HSV) and Clostridium difficile, among
others, as reported by Diasorin in Cyprus, CA, USA [34].
Furthermore, an INAAT-based LOAD system has been
developed as a portable, closed, computer-controlled
solution for detecting highly pathogenic avian influenza
virus. This system consists of a low-cost centrifugal mi-
crofluidic cartridge and a compact, portable processing
unit [34]. Another noteworthy development is the LOAD
system designed by Strohmeier et al. (2015). This system,
aimed at identifying the Rift Valley fever and yellow fe-
ver viruses, comprises a low-cost centrifugal microfluid-
ic cartridge paired with a small, portable processing unit
[35]. In recent times, Hin et al. (2021) introduced the Fe-
verDisc, a fully integrated LOAD system utilizing LAMP
technology. It can detect a wide range of pathogens, in-
cluding Plasmodium falciparum, P. vivax, P. ovale, P.
malariae, Salmonella enterica Typhi, S. enterica Para-
typhi A, Streptococcus pneumoniae, CHIKV, DENV 14
and ZIKV. Users must manually add the sample into the
cartridge, a process that takes approximately 5 minutes,
and the results are generated within about 2 hours using
lyophilized amplification reagents. Notably, this system
eliminates the need for cold chain logistics, and although
its price remains undisclosed, it is expected to be more
cost-effective than existing methods [36].

Microfluidic Paper-Based Analytical Devices (uPADS)

The initial approach introduced in 2007 involves creat-
ing patterns of millimeter-sized channels on paper [37].
This method is both simple and cost-effective. Microflu-
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idic Paper Analytical Devices (LPADs) typically consist
of a combination of hydrophilic and hydrophobic mi-
crostructures deposited on paper. These structures enable
the storage of reagents and the manipulation of samples
within the pPAD, including sorting, mixing, and detection.
These features make uPADs especially valuable for field
testing and other Point-of-Care (POC) applications [28].
uPADs present an excellent alternative to conventional
techniques for several reasons. They do not require a pow-
er source, are economical to produce and are easy to trans-
port. Notably, they have been employed in the detection
of ZIKV and CHIKYV using NS1 protein-based uPADs, as
well as CHIKYV detection in less than 10 minutes using a
laser-cut glass fiber pPAD [38]. Furthermore, wax barri-
ers have been proposed to partition individual chambers
within pPAD devices for use in a SARS-CoV-2 detection
system linked to Loop-Mediated Isothermal Amplification
(LAMP) amplification. These chambers include a sample
zone, buffer zone, LAMP master mix zone, mixing zone
and a sensor zone [39]. These cost-effective and straight-
forward methods can be applied to Point-of-Care settings
to detect arboviral infections and other diseases.

Lateral Flow Devices

Since they have been utilized in POC applications for so
long, lateral flow devices (LFDs) are perhaps the most pop-
ular platforms for the creation of such assays. Their wide
use in POC development is a direct result of their afford-
ability, usability, speedy results and straightforward inter-
pretation. Heart illness, monitoring food toxins, food poi-
soning, bacterial infection, viral infection and many other
conditions are examples of applications for LFDs [40—44].

Despite the fact that LFDs have been used widely for a
long time, they typically lack the sensitivity and specificity
of molecular techniques like RT-PCR and INAAT. Lateral
flow detection has been used for the detection of various
viral pathogens such as influenza virus, Japanese encepha-
litis virus, ZIKV, SARS-CoV-2, monkeypox virus, African
swine fever virus and Heartland virus, LFDs have been
coupled with LAMP and RPA amplification [40, 45-47].

CRISPR-Cas 12/13

Detection of pathogens through CRISPR-Cas technol-
ogy relies on the inherent properties of CRISPR proteins.
Bacteria employ a group of proteins called clustered
regularly interspaced short palindromic repeats (CRIS-
PRs) to execute an immune response, eliminating for-
eign DNA through sequence-specific RNA molecules
known as crRNA [48]. Thanks to its intrinsic precision,
the CRISPR-Cas9 system has found extensive utility in
biology, both for genome editing and the identification of
DNA and RNA molecules. This technique hinges on two
catalytic domains, RuvC and HNH, which induce targe-
ted cleavage at locations matching the guide RNA [49].
In contrast, the CRISPR-Cas12 system, unlike its Cas9
counterparts, employs a single catalytic domain, RuvC, to
induce double-stranded DNA breaks, guided by crRNA.
In order to trigger these breaks, Casl2a enzymes iden-
tify a T-rich protospacer adjacent motif (PAM) [50]. In
this process, single-stranded DNA or RNA reporter mol-
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ecules, potentially labeled with biotin or fluorescent tags,
are introduced to generate a readable signal [48]. These
assays, which include techniques like LAMP, RPA, HDA
and SDA, have been integrated with isothermal nucleic
acid amplification tests (INAAT) to produce cost-effec-
tive, field-deployable assays suitable for point-of-care
(POC) applications. Notably, the CRISPR-Cas-12/13
systems have successfully detected various significant
arboviruses, such as DENV, WNV, ZIKV, Japanese en-
cephalitis virus, Crimean-Congo hemorrhagic fever virus
and severe fever with thrombocytopenia syndrome virus
to date [51-54].

Quartz crystal microbalance (QCM)

QCM is a label-free, very mass-sensitive device that
uses the piezoelectric effect to detect binding events be-
tween minute amounts of medically relevant analytes
and receptors on its surface [55]. Better sensitivity, us-
ability, interaction with small analytical instruments, and
economics are some of the benefits of QCM over oth-
er transducer types claimed [55]. In one study, a QCM-
based immunochip was created to detect dengue viral
antigens [56]. A piezoelectric transducer was coated with
two distinct monoclonal antibodies that were utilized to
identify DENV antigens in buffer [57]. The antibodies
were directed against the glycoprotein-E and NS1 pro-
teins, respectively [57]. The sensitivity was increased by
multi-antibody coating, which enabled the collection of
multiple antigens. Sensitivity was increased much more
by the addition of a protein A layer that helped immobi-
lized antibodies find their orientation [58]. Five DENV
serotype 2 (DENV-2) positive and ten DENV sero-
type 1 negative sera were evaluated along with spiking
samples, clinical specimens, and optimally pretreated
samples. The developed immunochips could differentiate
samples that were DENV-2 positive from samples that
were DENV-negative [58]. The NS1 antigen ELISA had
similar sensitivity. The immunosensors that are described
in these two publications are distinguished by modest
technical requirements for the test site, simple result in-
terpretation and quick availability of results. Dilution or
other pretreatments are frequently not necessary for the
examination of samples [58]. The assay’s shelf life may
be increased by substituting these artificial binding sites
for monoclonal antibodies, and the assay’s specificity
may be more precisely controlled [58]. This DNA-QCM
approach is label-free and doesn’t need expensive equip-
ment, but it has similar sensitivity and specificity to flu-
orescent real-time PCR. Although QCM chips have been
used successfully in protein tests, their usage with clinical
samples may be constrained by interference from serum
proteins, intricate interactions between interfacial param-
eters, and environmental factors [58]. Therefore, future
work with this technology will focus on making more im-
provements that address the robustness issue.

Nano-Technology

Recently, progress has been made in the diagnosis of
arboviruses using nanostructures, including carbon nano-
tubes, metal nanoparticles, liposomes, and others, for the
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creation of biosensors [59]. Researchers have become in-
terested in this technology since it may allow for quick
and affordable detection outside of the lab as well as in-
creased amplification and sensitivity. Eivazzadeh-Keihan
et al. (2019) states that the use of nanobiosensors enables
us to considerably optimize the amount of samples used,
the analysis duration, the detection limit, and the potential
detection of analytes in samples unusable by convention-
al methods. In order to aid in the quick identification of
critical mosquito-borne diseases like dengue, chikungun-
ya, zika and yellow fever, the development of new di-
agnostic procedures using nanotechnology has received
considerable attention [60]. To diagnose arboviruses, for
instance, metallic nanoparticles linked to electrochemical
biosensors have been produced [61]. Metallic nanopar-
ticles (MNP) are tiny metal particles, such as zinc, iron,
gold and silver, that are created at the nanoscale. Due to
their distinctive magnetic and mechanical properties, as
well as unique technological traits like melting point and
surface, as well as pharmaceutical applications and bio-
logical properties of MNP, these materials have begun to
stand out with the development of. MNP is therefore a
promising approach for developing improved diagnostic
tools and nanomedicines [61]. For instance, Simao et al
(2020) showed how metallic nanoparticles connected to
electrochemical biosensors could be used as arbovirus
diagnostic tools. In serological samples from infected pa-
tients, the new approach demonstrated good viability and
sensitivity when interacting with viral glycoproteins [62].

Potential biomarkers
for arboviral infections

Despite numerous procedures or platforms that have
been developed for early detection of arboviruses,
they remain suboptimal and the gold standard remain
isolation and identification of viral particles but it can be
time consuming, so biomarkers for diagnosis still play
significant roles in arboviral infections [63, 64]. Most
times disease progression is characterized by engagement
of host defense pathways which include inflammation,
angiogenesis, coagulation and endothelial activation
[63, 64]. Biomarkers from this immunopathological
pathways can be used in combination with clinical
laboratory test for early detection of pathogens.

Inflammatory Cytokines

Most arboviral infections are immune-mediated
and induces cytokine storm which contributes to the
pathogenesis of the viral infections. Cytokines could
be activated by virus infected cells or other cells of the
immune systems such as the mast cells or T cells [65].
These cytokines play a crucial role in modulating the
immune response during DENV infection [65]. A study
conducted by Zhao et al. (2021) demonstrated that
elevated levels of IL-6, IL-10 and TNF-a are associated
with severe dengue cases, indicating their potential as
predictive biomarkers for disease severity. Furthermore,
a research conducted by Puc et al. (2021) highlighted
the role of IL-10 in distinguishing dengue from other
febrile illnesses, emphasizing its potential diagnostic
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value. Notably, a comprehensive meta-analysis by Soo
et al. (2017) consolidated evidence from multiple studies
and supported the significance of IL-8, IL-10 and IL-18
in predicting severe dengue outcomes. A meta-analysis
by Tran et al. (2021) also indicated the significance of
IL-4, IL-6, IL-8, IL-10 and IL-17 in the pathogenesis of
developing a severe reaction in dengue fever. Collectively,
these recent studies underscore the value of inflammatory
cytokines as promising biomarkers for both diagnosing
dengue infection and predicting its severity, offering a
more precise approach to patient management and disease
surveillance.

Recent studies have shed significant light on the role
of inflammatory cytokines as potential biomarkers
for ZIKV infection. These studies have collectively
highlighted the intricate relationship between the virus
and the host immune response. A study Chang et al.
(2020) found a distinct pattern of cytokine expression
in response to ZIKV infection, with elevated levels
of interferons (IFNs), interleukins (ILs), and tumor
necrosis factor-alpha (TNF-a). This cytokine profile,
particularly increased levels of IFN-B and IL-10,
correlated with disease severity [71, 72]. Another study
by Vinhaes et al. (2020) identified a strong correlation
between IL-6 and IL-10 levels and fetal microcephaly
in ZIKV-infected pregnant women, underscoring the
potential of these cytokines as a predictive biomarker
for adverse outcomes. Moreover, research by infection
Camacho-Zavala et al. (2021) and Naveca et al. (2018)
demonstrated the significance of chemokines such as
CXCL10 as crucial mediators of immune responses
during ZIKV infection. These chemokines were found
to be upregulated in the serum of pregnant women and
fetal brain cells, suggesting their role in microcephaly
associated with the viral infection [76]. The high levels
of these pro-inflammatory biomarkers increase the
permeability of the blood-brain barrier and may facilitate
the transmission of the virus from the circulation to the
central nervous system during virus clearance [77].
Furthermore, a study by Zuiiga et al. (2020) focused
unique immune signature of serum cytokine and
chemokine dynamics in patients with ZIKV infection.
They noted al pattern of cytokine expression, with acute
stages infection marked by IL-9, IL-17A and CXCL10,
while the recovery stages showed a shift towards
elevated serum levels of CCL4 and CCLS5.

In West Nile infection, Benzarti et al. (2023) in a study
outlining the roles of interleukins, chemokines and Tumor
Necrosis Factor Superfamily ligands in the pathogenesis
of WNYV infection. It was reported that WNV induces
the release of at least 22 ILs in mammalian hosts, but
only IL-1B, IL-6, IL-10, IL-12, IL-17A, IL-22 and IL-
23 has been directly investigated in previous studies
[79]. Chemokines such as CCL2, CCL7 and CXCLI10
were also corelated with disease severity as a result of
the expression of chemokine receptors including Ccr2,
Cecr3, Cer7, Cxcer2, Cxcer3, Cxer4 and Cx3crl in WNV-
infected models. Upregulation of TNF-o was have also
been linked to cases of WNV infection in humans [79].
These observations demonstrate strong association with
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progression of the infection, suggest that monitoring the
levels of these cytokines could serve as indicators of
disease severity and aid in early intervention. A recent case
report by Leis et al. (2020) reported the role of interferon-
gamma (IFN-y) in WNV infection. The study indicated
that elevated levels of IFN-y were present in patients with
WNV infection, and its persistence was associated with
prolonged disease duration due to lingering symptoms
to WNV infection. This emphasizes the potential of
IFN-y as a prognostic biomarker for disease progression.
Unsurprisingly elevated levels of TNFa, IL-2, IL-13 were
reported along with IFN-y, several months after onset of
symptoms [80]. This evidently supports coincidental role
of the inflammatory cells in the development protracted or
delayed symptoms of the infection [80]. Elevated levels
of cytokines such as IL-6, TNF-q, IL-8, IL-10, and IFN-y
have been correlated with disease severity, neurological
complications, and disease progression. Monitoring
these cytokines could potentially aid in timely diagnosis,
risk assessment, and management strategies for WNV
infections.

In recent studies, there is growing evidence
highlighting the potential of inflammatory cytokines as
valuable biomarkers for Chikungunya infection. A study
conducted by Ninla-aesong et al. (2019) found that
elevated levels of pro-inflammatory cytokines such as
interleukin (IL)-1B, IL-6, IL-8, monocyte chemotactic
protein-1 (MCP-1), MMP-1 and MMP-3 levels in
patients with persistent arthralgia in comparison
to healthy controls and a significant increase in
TNF-a, MMP-1 and MMP-3 levels in patients with
persistent arthralgia in comparison to patients who
had fully recovered. This suggests that monitoring
these cytokines could serve as an indicator of disease
progression. Additionally, a study by [82] revealed that
Chikungunya virus infection triggers eclevated levels
of IL-18 and IL-18BP levels chikungunya infection.
Both IL-18 and IL-18BP was induced following
CHIKYV infection. IL-18BP was increased to regulate
the activity of IL-18. TNF-a, MCP-1, IL-4, IL-6,
and IL-10 levels have been reported to be maximal
in the symptomatic phase, and these maximal levels
were maintained in the recovery phase. An association
between these cytokine levels and disease severity were
reported in recent studies [83, 84]. Furthermore, a study
by Sharma et al. (2021) demonstrated that the levels of
IL-8, a chemokine involved in recruiting immune cells
to the site of infection, were significantly elevated in
patients with acute Chikungunya infection. This finding
suggests that IL-8 could potentially serve as a diagnostic
marker for early detection of the disease. Collectively,
these studies underscore the potential of inflammatory
cytokines as biomarkers for Chikungunya infection.
Monitoring the levels of specific cytokines such as IL-
6, TNF-a, IFN-y, IL-1B, IL-18, and IL-8 could provide
valuable insights into disease severity, progression, and
early diagnosis. However, further research is warranted
to validate the clinical utility of these cytokines as
biomarkers and to establish standardized protocols for
their measurement in clinical settings.
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Endothelial Activation Products

Recent studies have shed light on the significance
of endothelial activation products such as sVCAM-1,
sICAM-1, and Ang-2, as potential biomarkers for early
diagnosis and prognosis of arboviral infections, offering
valuable insights for improving clinical management
strategies.

Elevated levels of soluble vascular cell adhesion
molecule-1 (sVCAM-1) and soluble intercellular adhesion
molecule-1 (sICAM-1), both endothelial activation
products, have been associated with severe dengue [86—
88]. Nolitriani et al. (2021) demonstrated that endothelial
cell activation contributes to vascular leakage in dengue.
Furthermore, a 2019 study by Mapalagamage et al.
(2020) highlighted the potential of serum angiopoietin-2
(Ang-2), another marker of endothelial activation, as a
predictor of severe dengue. Mariko et al. (2019) also used
Angipoietin-2 levels to differentiate between dengue
hemorrhagic fever patients with or without shock.
Elevated von Willebrand factor levels have also been
considered as a biomarker for dengue [92].

Endothelial activation is a key component of the
pathogenesis of ZIKYV, as the virus is known to directly
infect endothelial cells [93]. A study conducted by Clé
et al. (2020) found that ZIKV infection leads to an
upregulation of various endothelial activation markers,
including vascular cell adhesion molecule-1 (VCAM-1)
and intercellular adhesion molecule-1 (ICAM-1). These
molecules play critical roles in leukocyte adhesion and
transmigration, which are essential processes in the
immune response to viral infections. CI¢ et al. (2020) also
found out the marked increase of E-selectin in his study,
which also demonstrates the potentials of E-selectin as a
promising biomarker for ZIK'V infection. The study carried
out by Fares-Gusmao et al. (2019) also demonstrates the
E-selectin as a biomarker for ZIKV infection.

WNV infection have also linked with inducement
and upregulation of endothelial activation products.
Roe et al. (2014) findings demonstrated a significant
elevation in ICAM-1, VCAM-1, and E-selectin in human
endothelial cells and infected mice brain. This suggests
that endothelial activation may play a pivotal role in the
pathogenesis of WNV and that these biomarkers could
serve as indicators of disease severity. Similar report was
also made by Constant et al. (2023) in a study observing
the differential effects of Usutu and West Nile viruses on
neuroinflammation, immune cell recruitment and blood—
brain barrier integrity

Recent studies on endothelial activation products as
biomarkers for Chikungunya infection have provided
valuable insights into the pathogenesis and diagnosis
of this viral disease [98]. One notable study conducted
by Wauquier et al. (2011) explored the role of soluble
adhesion molecules such as ICAM-1 and VCAM-1 as
indicators of endothelial activation during Chikungunya
infection. The research demonstrated a significant increase
in serum levels of these molecules in Chikungunya-
infected individuals compared to healthy controls.
Similar findings was also reported by Chirathaworn et al.
(2022) in the study investigating IL-1Ra and sVCAM-1
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in CHIKYV infection. In addition, the involvement of von
Willebrand factor (vWF) in Chikungunya pathogenesis
was established by Marques et al. (2017). The case
report highlighted the relationship between deep venous
thrombosis and CHIKV infction and reported elevated
vWF levels in in the infected patient, emphasizing its
potential as a biomarker for endothelial dysfunction.

Indicators of Tissue or Organ Damage

Elevated liver enzymes can be used as reliable indicators
of liver damage in dengue patients [102]. This was
observed in a retrospective study carried out by Swamy
et al. (2021) correlating liver function in dengue patients
with disease severity. The study observed that increased
levels of serum glutamic-oxaloacetic transaminase and
serum glutamic-pyruvic transaminase were associated
with dengue hemorrhagic fever and severe dengue
cases. Elevated serum alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) were observed in
another dengue study carried out by Goweda & Faisal
(2020). Elevated levels of alanine transaminase (ALT)
and aspartate transaminase (AST), alkaline phosphatase
(ALP) were also similarly reported in the study carried
out by Sibia et al. (2023).

Additionally, cardiac biomarkers can also be reportedly
utilized the diagnosis and management of dengue patients.
Lee et al. (2022) and Teo et al. (2022) reported elevated
levels of cardiac troponin) and brain natriuretic peptide
(BNP) respectively in individuals with severe dengue,
indicating myocardial and cardiac stress. Kidney injury
biomarkers have also been explored in several studies
on severe dengue patients, carried out by Kosaraju et al.
(2023), Koshy et al. (2021), Niroshini (2020). The studies
identified elevated levels of serum creatinine and urinary
albumin as potential indicators of kidney damage in
severe dengue cases.

Fernandez et al. (2022) shed light on the significance
of microRNAs (miRNAs) as potential biomarkers. They
found that certain miRNAs, such as miR-146a and miR-
155, were altered in ZIKV-infected individuals. These
miRNAs are known to be involved in regulating immune
responses and inflammation, suggesting their utility as
indicators of tissue damage. Tabari et al. (2020) also
reported the dysregulationofnumerousmiRNAs, including
miR-4792, which were dysregulated at the intracellular
level during ZIKV infection. These miRNAs are also
involved in oxidative stress and neurodevelopmental
processes. Recently, Bhagat et al. (2021) highlighted
the importance of assessing markers of neuronal injury,
such as glial fibrillary acidic protein (GFAP). Elevated
levels of GFAP in cerebrospinal fluid (CSF) have been
associated with ZIK'V-induced neurologic complications,
making them promising candidates for monitoring neural
tissue damage.

He et al. (2009) highlighted the importance of
monitoring serum levels of neuron-specific enolase
(NSE) as a potential biomarker for neurological damage
in WNV patients. Elevation of NSE in patients with severe
neurological symptoms, suggesting its utility in assessing
brain involvement. Studies linking cardiac troponin to
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WNV associated cardiac damage have also been reported.
Gao et al. (2022) and Lei et al. (2022) both reported
elevated cardiac troponin in their studies on rare cases of
WNV associated cardiac infections, indicating the virus’s
impact on cardiac tissues. Additionally, investigations
into liver function biomarkers in studies such as Castaldo
et al. (2020), Geerling et al. (2021) and UroSevi¢ et al.
(2016) revealed that serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) levels
were significantly elevated in WNV infection with
hepatic involvement. These liver enzymes could serve
as early indicators of hepatic damage, prompting timely
interventions. Furthermore, kidney injury molecule-1
(KIM-1) has been reported to facilitates cellular uptake of
WNYV, and can be used to assess renal damage in WNV-
infected individuals [120].

Increased concentration of creatine kinase (CK) in
CHIK V-infected individuals is one of the significant
biomarkers for chikungunya infection. Studies carried
out by Acosta-Reyes et al. (2023), Elfert et al. (2019),
and Patwardhan et al. (2021) showed that CK levels were
significantly higher in patients with chikungunya virus
infection, suggesting muscle damage as a consequence
of the infection. The potential of microRNAs (miRNAs)
as biomarkers for chikungunya-induced organ damage
have also been explored [124]. Parashar et al. (2018) and
Selvamani et al. (2014) revealed that specific miRNAs,
such as miR-155 and miR-146a, were upregulated in
chikungunya patients indicating their involvement in the
regulation of immune responses and tissue damage.

Conclusion

Arboviral infections continue to pose a significant
global burden, with their impact increasing due to factors
like climate change and urbanization. The development
of effective diagnostics is crucial for timely detection and
management of these infections. Emerging technologies,
such as Lab On A Chip (LOC), Lab On A Disc (LOAD),
Microfluidic Paper-Based Analytical Devices (WPADS),
Lateral Flow Devices, CRISPR-CAS 12/13, Quartz
crystal microbalance (QCM) and Nano-Technology,
offer promising avenues for rapid and accurate diagnosis.
Furthermore, identifying suitable biomarkers, including
inflammatory cytokines, antibodies, endothelial activation
products and indicators of tissue or organ damage, can
aid in assessing disease severity and monitoring patient
response to treatment. Collaborative efforts between
researchers, healthcare professionals and policymakers
are essential to harness the potential of these diagnostics
and biomarkers, ultimately mitigating the impact of
arboviral infections on public health worldwide.
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