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Abstract

Background: The dramatic surge in dengue cases in early 2024, endangering half the global
population, urgently necessitates faster diagnostic methods. Nanotechnology-enabled optical
biosensors offer a promising avenue, leveraging nanomaterial properties for highly sensitive
detection of dengue virus (DENV), potentially surpassing conventional techniques in terms of
simplicity, speed, and cost-effectiveness. This systematic review analyzes recent advancements in
these biosensors for DENV diagnosis.

Methods: Following PRISMA 2020 guidelines, we systematically searched PubMed, Embase,
Scopus, Web of Science, and Cochrane Library databases (2010-June 1, 2025; OSF:
https://osf.io/3gmey/). The methodological quality of the 98 included studies was assessed using a
modified CASP checklist.

Results: Diverse nanotechnology-based optical biosensors were identified. SPR (36.7%) was the
most common transducer, followed by fluorescence (24.5%), colorimetry (15.3%), and SERS
(8.2%). Gold-based nanomaterials (35.7%) were most frequently employed, with silver
nanomaterials (15.3%), quantum dots (15.3%) and graphene-based materials (15.3%) also showing
promise. DENV NS1 protein was the primary target analyte (21.4%). Importantly, almost half of
the studies (44.9%) used clinically relevant human samples. While many optical biosensors show
promise, challenges hinder their demonstration of the true potential for point-of-care use in their
current format; however, they offer high specificity and faster results, laying a strong foundation for
cost-effective clinical diagnostics.

Conclusion: Nanotechnology-driven optical biosensors offer a transformative approach for DENV
detection. Advances in computational design and green synthesis of novel nanomaterials are key to
addressing stability and field-deployment challenges. These innovations are crucial for developing
robust, sensitive, and user-friendly tools to manage dengue and improve patient outcomes globally.
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1| INTRODUCTION

1.1 | Dengue virus: biology, epidemiology, and global impact

Dengue virus (DENV), a member of the Flaviviridae family [1], is a positive-stranded ribonucleic
acid (RNA) virus responsible for a significant global health burden [1, 2]. The viral genome,
approximately 11 Kb in length [1, 3], encodes three structural proteins (membrane [M], envelope
[E], and capsid [C]) and seven non-structural (NS) proteins (NS1, NS2A, NS2B, NS3, NS4A,
NS4B, NS5) [3]. All these proteins are crucial for the viral lifecycle, including replication,
assembly, and immune evasion [4, 5]. The E protein, in particular, is vital for viral entry and serves
as a key target for neutralizing antibodies [6]. Differences in its sequence define the four main
DENV serotypes (DENV1-4) [7], with a fifth (DENV5) also proposed [8]. Understanding these
viral components is fundamental for developing targeted diagnostic and therapeutic strategies.
Primarily transmitted by Aedes aegypti and Aedes albopictus mosquitoes [2, 3], DENV causes an
estimated 100 to 400 million infections annually across tropical and subtropical regions [1, 2]. The
geographical reach of DENV has expanded alarmingly in recent decades, with over 10 million cases
reported worldwide in early 2024 and increasing occurrences in previously non-endemic areas,
including parts of Europe [1, 2]. Currently, about half of the world's population is at risk, and by
June 2024, DENV had resulted in over 5,000 deaths across 80 countries [1, 2]. The high prevalence
of asymptomatic or mild infections further complicates epidemiological surveillance and outbreak
control, underscoring the urgent need for sensitive and readily deployable diagnostic tools [1]. The
expanding global impact and the complexities of DENV transmission underscore the critical role of
accurate and timely diagnosis in mitigating disease spread and severity.

1.2 | Clinical aspects of dengue and the need for early diagnosis

The clinical presentation of DENV infection is remarkably diverse, ranging from asymptomatic
cases or mild, non-specific febrile illness to severe, life-threatening conditions such as dengue
hemorrhagic fever (DHF) and dengue shock syndrome (DSS) [2, 9]. DHF is characterized by
plasma leakage, which can disrupt homeostasis and progress to DSS, a condition involving shock,
bleeding, and potential organ failure [1, 10]. While some symptoms are common across serotypes,
serotype-specific manifestations have also been reported [3]. The distinction between a primary
DENYV infection (first exposure) and a secondary infection (infection with a different serotype
following a previous one) is clinically significant, as DHF and DSS are mainly associated with
secondary infections [11-13]. The complexity of its clinical manifestations, often mimicking other
febrile illnesses, poses a diagnostic challenge, particularly in the early stages of the disease [14].
Compounding this diagnostic challenge is the lack of specific antiviral therapies for DENV
infection. Current patient management is primarily supportive, aimed at relieving symptoms such as
pain and carefully managing complications, including plasma leakage, especially in severe cases [1,
15-17]. While analgesics are commonly used, nonsteroidal anti-inflammatory drugs are generally
avoided due to the increased risk of bleeding [18]. Although some antiviral candidates are under
investigation and limited vaccines, such as Dengvaxia and Qdenga, have been approved with
specific indications and restrictions [3, 10, 15-17, 19, 20], widely effective and universally
applicable therapeutic or broadly deployed preventive measures remain elusive. This critical
therapeutic and preventive gap underscores the paramount importance of early and accurate
diagnosis. Early detection is essential not only for appropriate clinical management and patient
triage (interventions that can reduce mortality in severe dengue) but also for implementing effective
public health surveillance and outbreak control measures. Therefore, the development and
deployment of advanced diagnostic tools that offer rapid, sensitive, and specific detection are
pivotal in addressing the global dengue burden.

1.3 | Advances in dengue diagnosis: from traditional methods to nanotechnology-
enabled optical biosensors

Diagnosing DENV infection traditionally relies on a combination of direct methods, which detect
the virus or its components (e.g., virus isolation, NS1 antigen detection, viral RNA amplification),
and indirect methods, which identify the host's immune response (e.g., immunoglobulin M (IgM)
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and immunoglobulin G (IgG) antibodies) [10, 12, 21] (see Supplemental File 1: Table S1). While
direct methods offer accuracy in early infection, and indirect methods are useful later in the disease
course, conventional assays present several limitations. These include potential false positives due
to antibody cross-reactivity with other flaviviruses, especially in regions with low DENV
prevalence [12]; the need for differential diagnosis from other febrile illnesses, such as
Chikungunya or Zika [22]; and often, a requirement for specialized laboratory infrastructure and
skilled personnel [23]. The high prevalence of DENV in tropical and developing countries, coupled
with these limitations, has spurred the demand for simple, inexpensive, and rapid point-of-care
(PoC) diagnostic tests, driving the development of new technologies to replace or augment
traditional assays [23].

In this context, biosensors have emerged as a promising alternative. A biosensor integrates
biological recognition elements with a transducer to detect an analyte and generate a measurable
signal (Figure 1A) [21]. This review focuses on optical biosensors, which quantify analyte
concentration by detecting changes in light properties such as absorption, reflection, or emission
[24, 25]. These can be label-free, directly converting the analyte-bioreceptor interaction into a
signal, or label-based, requiring tags to generate a detectable signal (Figure 1B) [26, 27]. Common
optical transduction techniques for DENV detection include fluorescence, luminescence,
colorimetry, surface plasmon resonance (SPR), and surface-enhanced Raman scattering (SERS)
[24, 28, 29].
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Figure 1. Optical biosensor components and detection methods. (A) Schematic representation of
a typical optical biosensor highlighting its key elements: (i) the target/analyte (the substance of
interest); (ii) the bioreceptor (recognizes the analyte); (iii) the transducer (converts recognition into
a signal); and (iv) the signal processing unit (amplifies and converts signals). (B) Illustration
depicting the two main recognition approaches used in optical biosensors: label-free and label-based
detection.

The performance of optical biosensors has been significantly enhanced by nanotechnology. This
field enables the precise engineering of materials at the nanoscale, offering unique properties that
have found diverse applications in biomedicine [30-34], including advanced imaging [35],
sophisticated drug delivery and targeted therapies [36-42], and tissue engineering [43]. Crucially for
diagnostics, nanotechnology provides powerful tools for biosensing and biomarker detection [44-
51]. Nanomaterials such as nanoparticles (NPs), quantum dots (QDs), nanorods, or nanowires can
amplify signals, improve limits of detection (LoDs), and increase specificity by enhancing optical



properties and providing large surface areas for bioreceptor immobilization [21, 52-54]. Compared
to traditional methods, nanotechnology-enabled optical biosensors often provide faster analysis,
lower power consumption, and higher sensitivity, making them highly suitable for PoC applications
in DENV diagnostics. While detailed nanomaterial design is beyond the scope of this review (see
[55-62] for comprehensive details), their integration is pivotal for advancing DENV detection.

The field of DENV detection has been the subject of numerous reviews, covering a wide spectrum,
from conventional diagnostic tools to emerging biosensor technologies [63-65]. More recent critical
reviews have broadly summarized advancements in DENV-based biosensors [66, 67], and general
overviews of dengue have been systematically reviewed [68]. However, the rapid advancements in
nanotechnology and optical detection modalities necessitate a focused and methodologically
rigorous synthesis of evidence. To our knowledge, no systematic review has been specifically
dedicated to nanotechnology-enabled optical biosensors for DENV detection. Such a review is
crucial not only to consolidate the current state-of-the-art in this specific niche but also to critically
evaluate the quality of the existing evidence, identify research gaps, and discuss translational
barriers and prospects, thereby providing a distinct and valuable contribution to the existing body of
literature.

1.4 | Objective

This systematic review highlights recent advancements in nanotechnology-enabled optical
biosensors for diagnosing DENV from 2010 to the present (June 1, 2025).

2| METHODOLOGY

2.1 | Protocol and registration

This systematic review was conducted following the Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) 2020 statement guidelines [69] to promote transparency and
reproducibility (see Supplemental File 2). The study protocol was preregistered in the Open
Science Framework [70, 71] (OSF; https://osf.io/3gmey/), and related materials are available in the
OSF repository (DOI: 10.17605/0SF.I0/45QKW).

2.2 | Search strategy

A comprehensive literature search was conducted to identify all relevant articles published from
2010 to June 1, 2025. We searched several electronic databases, including Medline/PubMed,
Embase, Scopus, Web of Science, and the Cochrane Library. The search strategy employed
Boolean operators (AND, OR) to combine terms related to (i) DENV (e.g., "dengue”, "DENV",
"flavivirus"), (ii) diagnosis and detection (e.g., "diagnosis”, "detection", "PoC"), (iii) biosensing
devices and methods (e.g., "biosensor”, "optical sensor"”, "immunoassay”, "SPR", "fluorescence",
"SERS", "colorimetric"), and (iv) nanotechnology elements (e.g., "nanomaterial”, "nanoparticle",
"quantum dot", "graphene"). No restrictions on language or geographic location were applied. The
reference lists of included studies were also manually searched for additional articles. Full, detailed
search strings for each database, demonstrating the specific keywords and their combinations, are
provided in Supplemental File 3. All search results and cited references were managed using
EndNote X9 (Clarivate Analytics) and exported to Microsoft Excel 2016 spreadsheets (Microsoft
Corporation) for further processing.

2.3 | Eligibility criteria

The research questions were formulated following the PICO (Problem, Intervention, Comparison,
Outcome) framework [72]. These questions were: What nanotechnology-based biosensors are used
with optical detection systems for DENV detection? What optical detection methods have been
investigated for DENV using nanotechnology-based biosensors? Which of these methods offers the
lowest LoD, defined as the smallest amount of a substance that can be reliably detected? What types
of samples can be analyzed by these biosensors? Studies were selected for this systematic review
based on the following pre-defined eligibility criteria.

2.3.1 | For inclusion

- Original research articles published from 2010 to June 1, 2025.



- Studies describing the development, characterization, or application of biosensors utilizing optical
detection systems specifically designed for the detection of DENV or its components (e.g., whole
virus, NS1 protein, E protein, viral RNA, anti-DENV antibodies).

- Studies where the biosensor incorporated any nanomaterial, nanostructure, or a closely related
element derived from nanotechnology (e.g., NPs, QDs, nanorods, graphene).

- Studies reporting quantitative experimental data on biosensor performance, such as LoD,
sensitivity, specificity, or analysis time, or detailing the sample types analyzed (e.g., human clinical
samples, spiked samples, cell culture supernatants).

- Studies published in any language or from any geographic location.

2.3.2 | For exclusion

- Non-original research, including review articles, meta-analyses, systematic reviews, study
protocols, case reports, editorials, letters to the editor, author responses, comments, and book
chapters.

- Non-peer-reviewed publications such as preprints or conference abstracts without sufficient data
for a full assessment.

- Studies for which only abstracts were available or where full-text articles could not be retrieved.

- Studies with duplicate or substantially overlapping data with previously included publications.

- Studies where essential data for the review (e.g., on the nanomaterial used, the optical detection
principle, or performance metrics) could not be reliably extracted.

- Studies describing biosensors that did not employ an optical transduction mechanism.

- Studies that exclusively evaluated commercially available DENV diagnostic kits without novel
modification, development, or independent research application.

2.4 | Study selection and data extraction

Two reviewers (MQ-D, HC) independently removed duplicate records and screened the titles and
abstracts of all retrieved articles against the pre-defined eligibility criteria. The full-text articles of
potentially relevant studies were then obtained and independently assessed by the same two
reviewers for final inclusion. Any disagreements at either the title/abstract screening stage or the
full-text review stage were resolved through discussion between the two reviewers. If a consensus
could not be reached, a third reviewer (DS-C) was consulted to arbitrate and make the final
decision. The reasons for excluding studies at the full-text screening stage were documented (e.qg.,
use of non-optical detection methods or absence of nanomaterials). The study selection process is
depicted in a PRISMA flow diagram (Figure 2A). Inter-reviewer agreement for the study selection
process was assessed using Cohen's Kappa coefficient (k). The level of agreement was interpreted
according to Landis and Koch's benchmarks: k values of 0-0.20 indicate slight agreement; 0.21-
0.40, fair; 0.41-0.60, moderate; 0.61-0.80, substantial; and >0.80, almost perfect agreement [73].
Data from the eligible studies were independently extracted by two reviewers (MQ-D, HC) using a
standardized data extraction form developed for this review. The extracted data included detailed
information on (i) the optical transduction mechanism (e.g., SPR, fluorescence, SERS, colorimetry);
(if) the target analyte (e.g., DENV NS1 antigen, DENV E protein, viral RNA, anti-DENV
antibodies); (iii) the specific nanomaterial employed (e.g., NPs, QDs, graphene, dendrimers); (iv)
DENV serotype specificity and differentiation capability; (v) cross-reactivity with other closely
related flaviviruses; (vi) sample type(s) analyzed (including whether they were clinical, spiked, or
cell culture-derived); (vii) key evaluation parameters (sensitivity, specificity, LoD with units,
analysis time); (viii) PoC potential or suitability; and (ix) any other relevant observations or
limitations noted by the study authors. The completeness and accuracy of the extracted data were
then thoroughly verified by a third reviewer (DS-C) to ensure consistency and minimize errors.
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Figure 2. Study selection and quality assessment. (A) Flowchart of the study search process. (B,
C) Quality assessment of eligible studies according to a modified CASP checklist for diagnostic test
studies. Panel B shows the percentage of high, moderate, or low-quality eligible studies. Panel C
presents the percentage of eligible articles with "yes", "no", or "can't tell" responses to each of the
nine questions (Q1-Q9). Abbreviations: CASP = critical appraisal skills programme; CHIKV =
Chikungunya virus; DENV = Dengue virus; ELISA = enzyme-linked immunosorbent assay; JEV =
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Japanese encephalitis virus; PCR = polymerase chain reaction; WNV = West Nile virus; YFV =
Yellow fever virus; ZIKV = Zika virus.

2.5 | Study quality assessment

Methodological quality was assessed using a modified version of the Critical Appraisal Skills
Program (CASP) Checklist for diagnostic test studies [54, 74]. We removed five questions deemed
irrelevant to our review’s objectives and added two new ones [56] to better align with these
objectives. The resulting nine-question checklist was divided into three sections: validity, results,
and utility. Studies were rated with "yes" (positive response), "no™ (negative response), or “can't
tell" (insufficient information) for each question. Three originally qualitative CASP questions were
adapted to this format. The scoring system awarded two points for a "yes" response, one point for
"can't tell", and zero points for "no", with a maximum score of 18. Studies were categorized as low
quality (0-6 points), moderate quality (7-12 points), or high quality (13-18 points) based on
previously reported scoring systems [75, 76]. Detailed questions and a summary table of CASP
ratings are provided in Supplemental File 4. The methodological quality assessment was
conducted independently by two reviewers (MQ-D, HC). Discrepancies between reviewers could
arise, such as a lack of clarity in the original study's reporting (where some data might be implicit or
incomplete), disagreement about the relevance of the diagnostic test (particularly regarding its
applicability or usefulness in clinical practice), or inadvertently overlooking of relevant
information. All such discrepancies in scoring or interpretation were thoroughly discussed until a
consensus was reached. If a consensus could not be achieved through discussion, a third reviewer
(DS-C) was consulted to arbitrate and make the final decision. To quantify the inter-reviewer
reliability for the quality assessment scores, the intraclass correlation coefficient (ICC) was
calculated. Specifically, a two-way random-effects model, assessing absolute agreement for single
rater/measurement, was employed, using IBM SPSS Statistics for Windows, v25 (IBM Corp,
Armonk, NY, USA). ICC values were interpreted as follows: <0.5 indicates poor reliability; 0.5-
0.75, moderate reliability; 0.75-0.90, good reliability; and >0.90, excellent reliability, based on
established guidelines [77, 78].

3 | STUDY IDENTIFICATION AND CHARACTERISTICS
OF INCLUDED ARTICLES

3.1| Study identification and selection process

We initially identified 2,133 potentially relevant studies. Subsequently, 1,715 studies were excluded
due to duplication, irrelevant topics, non-detection of DENV, or their status as non-original
research, leaving 418 studies. Next, we excluded 320 studies that focused on non-DENV mosquito-
borne detection, studies evaluating commercial DENV kits or their modifications, and those not
using optical biosensors or lacking precise nanomaterial/nanostructure details. This strict selection
yielded a final set of 98 studies aligned with our research focus (Figure 2A). There was substantial
agreement between the two reviewers during the title/abstract screening stage (k = 0.72) and almost
perfect agreement during the full-text eligibility assessment (k = 0.86).

3.2 | Overview of article characteristics

Our analysis revealed similarities and differences among the optical biosensors developed for
DENYV detection. They employed various optical detection systems (Tables 1-4). SPR was the most
common transducer type (n=36; 36.7%), followed by fluorescence (n=24; 24.5%), colorimetry
(n=15; 15.3%), and SERS (n=8; 8.2%). Gold NPs (AuNPs) and Au-derived nanolayers and
nanostripes (n=35; 35.7%) were the most frequently used nanomaterials, followed by silver (Ag)
nanostructures (n=15; 15.3%), and both QDs and graphene in its various forms (n=14 each; 14.3%).
The DENV NS1 protein emerged as the primary target (n=21; 21.4%), followed by the DENV E
protein (n=15; 15.3%), anti-DENV antibodies (n=14; 14.3%), and DENV RNA (n=8; 8.2%). The
remaining targets included the DENV C protein, complementary deoxyribonucleic acid (cCDNA),
single-stranded DNA (ssDNA), or undefined DENV antigens. Notably, 10 of the 16 studies
targeting the DENV E protein originated from two laboratories.



Regarding sample types, 30 studies (30.6%) used DENV-infected human samples, 14 (14.3%) used
spiked human samples, 24 (24.5%) used non-human samples, 20 (22.4%) were based on
theoretical/computational models and 10 (10.2%) used cell culture supernatants. Concerning
serotype specificity, 20 studies (20.4%) developed biosensors capable of detecting all DENV
serotypes. More than half of the studies targeted a specific serotype without clarifying multi-
serotype applicability (n=39; 39.8%), or did not specify the targeted DENV serotype 39 (39.8%).

Table 1. Key studies on SPR-based optical biosensors for detecting DENV
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P 5 MXene-GO DENV DENV THZ/RIU¥ NA NA  nal No 3]
modelling




Computatio [11
NA NA nal No
. 4]
modelling

Almawg 202 . 257.3
ani AHM 3 TiSi,-BP DENV DENV deg/RIUY

* For an optical biosensor to be considered a PoC device, it should be Affordable, Sensitive, Specific, User-friendly,
Robust and rapid, Equipment-free, and Deliverable to end-users, aligning with the ASSURED criteria set by the WHO

£ The optical biosensor is designed as a PoC device, although its immediate implementation in certain settings may be
limited without prior preparation.

¥ Sensitivity/specificity values

$ The analyte detection method is based on localized SPR, although reflectometry is used to read results.
Abbreviations: Ab = antibody; AIN = aluminum nitride; AuNP = gold nanoparticle; AUNR = gold nanorod; AuNS =
gold nanosphere; BaTiO3; = barium titanate; BP = black phosphorous; CeO, = cerium oxide; Deg = resonance angle;
DENV = dengue virus; DNA = deoxyribonucleic acid; E = envelope protein; GaSe = gallium selenide; GO = graphene;
GOx = graphene oxide; IgM = immunoglobulin M; ITO = indium tin oxide; LoD = limit of detection; Mxene =
Titanium carbide with surface terminations (TisC2Tx); NA = not available; NCC = nanocellulose; NS1 = non-structural
protein 1; PAMAM = polyamidoamine; PFU = plaque forming units; QD = quantum dot; rGOx = reduced graphene
oxide; RIU = refractive index unit; SAM = self-assembled molecular; Sb,Sz; = antimony trisulfide; SisN4 = silicon
nitride; SLEV = Saint Louis encephalitis virus; SPION = superparamagnetic iron oxide nanoparticles; SPR = surface
plasmon resonance; TCIDsy = 50% tissue culture infectious dose; THz = terahertz; TiO,= titanium dioxide; TiSi, =
titanium disilicide; WS, = tungsten disulfide; WSe,= tungsten diselenide; YFV = yellow fever virus; ZIKV = zika virus

Table 2. Key studies on fluorescence-based optical biosensors for detecting DENV using
nanotechnology
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Author - . L LoD on
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Hein LD 202 MMS Anti-DENV DENV1-4 94;'9/97'1 1000 NA  serum No [12
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Hosseini S 201 MS DENV E DENV?2 NA NA NA E No [12
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202 Nanoporou DENV 0.029 5-1000 Synthetic [12
Mahmud AH 57 CAA0 ssDNA DENVZ oM Mo B ona N0
. . Human
Melpignano 201 Anti-DENV 30 Ye [12
P 6 PS NS1 Ab DENV1-4 NA NA min  Serum s 8]
samples
Human
LinaressEM 201 psnp DENVNSL DENV  °2 2-100 60 Ye [12
3 ng/mL ng/mL  min S 9]
samples
NS1-
202 0.048 1pM-  >25 spiked Ye [13
TranL 1 Qb DENVINS1  DENV ng/mL 120nM  min  human st 0]
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201 DENV 0.5-300 >60 Ye [13
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Adegoke O QD-AuNP DENV NS1 DENV1 NA NA  recombina No
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* For an optical biosensor to be considered a PoC device, it should be Affordable, Sensitive, Specific, User-friendly,
Robust and rapid, Equipment-free, and Deliverable to end-users, aligning with the ASSURED criteria set by the WHO

£ The optical biosensor is designed as a PoC device, although its immediate implementation in certain settings may be
limited without prior preparation.

¥ Sensitivity/specificity values

Abbreviations: AAO = anodic aluminum oxide; Ab = antibody; AgNC = silver nanocluster; AuNP = gold
nanoparticle; AUNW = gold nanowire; cDNA = complementary DNA; cp = DENV-RNA copies; DENV = dengue
virus; DNA = deoxyribonucleic acid; E = envelope protein; FFU = focus forming units; GO = graphene; GOx =
graphene oxide; LoD = limit of detection; MMS = magnetic microsphere; MS = microsphere; NA = not available; NS1
= non-structural protein 1; PFU = plaque forming units; PNA = peptide nucleic acid; PoC = point-of-care; PS =
polystyrene substrate; PSNP = polystyrene nanoparticle; QD = quantum dot; RNA = ribonucleic acid; SPION =
superparamagnetic iron oxide nanoparticles; ssSDNA = single-stranded DNA; WNV = west Nile virus; ZIKV = zika
virus; ZnO = zinc oxide

Table 3. Key studies on colorimetric-based optical biosensors for detecting DENV
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* For an optical biosensor to be considered a PoC device, it should be Affordable, Sensitive, Specific, User-friendly,
Robust and rapid, Equipment-free, and Deliverable to end-users, aligning with the ASSURED criteria set by the WHO

£ The optical biosensor is designed as a PoC device, although its immediate implementation in certain settings may be
limited without prior preparation.
¥ Sensitivity/specificity values

Abbreviations: Ab = antibody; AgNP = silver nanoparticle; AuNP = gold nanoparticle; cDNA = complementary DNA,
DENV = dengue virus; DNA = deoxyribonucleic acid; E = envelope protein; FPAP = fiber probe analytical platform;
LoD = limit of detection; MNP = magnetic nanoparticle; NA = not available; NS1 = non-structural protein 1; PFU =
plaque forming units; PMNM = polymer-coated microporous nylon membrane; PNA = peptide nucleic acid; RNA =
ribonucleic acid; scFvs = single chain fragment variable antibodies; SPION = superparamagnetic iron oxide
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nanoparticle; ssDNA = single-stranded DNA; UiO= University of Oslo; UiO-66(Ce)-MOF = cerium-based metal—
organic framework with UiO-type topology

Table 4. Key studies on SERS- and luminescence-based optical biosensors, as well as other
systems for detecting DENV
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MZ 5 min 4]
samples
. Human
Shahzadi 202 5 \p DENV DENV  NA NA 40 cerum No L5
A 5 min 5]
samples
0.001- ~ NS1-spiked
Ismail NF 202 AgNP DENV NS1 DENV2 0.001 0.1 240  human No [15
4 mg/mL . : 6]
mg/mL  min  saliva
Human
S&h'a“t 302 AgNR DENV NS1 DENV NA NA NA  serum No %5
samples
202 DENV 1 fM- 330  Synthetic [15
Song C 0 AgNR SSDNA DENV2 0.49 fM 10nM  min  ssDNA No 8]
10-104
201 DENV2, 10 30 Cell culture [15
Paul AM 5 AuNP DENV E WNV PEU/ML iFU/m min media No 9]
25 Anti-NS1
Mustapa 202 AuNR- Anti-DENV i fg/mL—- ~10 Ab-spiked [16
MA 5  AUNS NS1 Ab DENVI-4  25fg/mL o5 min  human No o
pg/mL plasma
Nanoyeast
SCFvs- 1
Farokhine 202  Nanobox- pg/mL- 65 Cell culture [16
jad F 2 based DENVINST  DENV2 10 pg/mL 10 min  media No 1]
SERS ng/mL
nanotag
Luminescence
Peptides . Human
ZhuT 501 from ’érXEDENV DENV1 08/5g0/ %4 NA %Oin urine No 56
DENV E 0 samples
Peptides Anti-NS1
201 from Anti-DENV 5-100 30 Ab-spiked  Ye [16
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* For an optical biosensor to be considered a PoC device, it should be Affordable, Sensitive, Specific, User-friendly,
Robust and rapid, Equipment-free, and Deliverable to end-users, aligning with the ASSURED criteria set by the WHO

¥ Sensitivity/specificity values

Abbreviations: Ab = antibody; AgNP = silver nanoparticle; AQNR = silver nanorod; AuNP = gold nanoparticle; AUNR
= gold nanorod; AuNS = gold nanosphere; cDNA = complementary DNA; DENV = dengue virus; DNA =
deoxyribonucleic acid; E = envelope protein; GOx = graphene oxide; LoD = limit of detection; MS = microsphere; NA
= not available; NS = nanosphere; NS1 = non-structural protein 1; PAMAM = polyamidoamine; PCF = photonic crystal
fiber; PFU = plaque forming units; RIU = refractive index unit; RNA = ribonucleic acid; scFvs = single chain fragment
variable antibodies; SERS = Surface-enhanced Raman scattering; Si(PhCNR) = Silicon photonic crystal nanorod;
SiO2NP = silica nanoparticle; SiO,-PbS = silica-lead sulfide nanocomposite; sSDNA = single-stranded DNA; WNV =
west nile virus

4 | NANOTECHNOLOGY-POWERED OPTICAL

BIOSENSORS

4.1 | SPR-based biosensors

SPR is a sensitive, label-free optical technique used for real-time monitoring of biomolecular
interactions via refractive index changes at a metal-dielectric interface [177, 178]. Nanotechnology
enhances SPR performance by: i) amplifying refractive index changes through localized SPR
effects or by increasing the mass of bound analytes with high-refractive-index tags; ii) providing an
increased and engineered surface area for optimized bioreceptor immobilization; and iii) enabling
novel signal transduction pathways [52]. Key advancements are summarized in Table 1.

4.1.1| Gold and silver nanostructures

Nanostructures of Au and Ag are central to SPR due to their strong localized SPR effects (collective
electron oscillations sensitive to local refractive index changes) and well-defined surface
chemistries (e.g., thiol-Au bonds) for robust bioreceptor conjugation [179, 180].
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- Mechanism & properties: The geometry (e.g., nanospheres, nanorods, layers) and material (Au
vs. Ag) of these nanostructures dictate the localized SPR characteristics [79-89]. Analyte binding
in the localized SPR-enhanced electromagnetic field near these nanostructures causes a larger
shift in the SPR signal compared to planar films. The ease of functionalizing Au with thiolated
antibodies or aptamers ensures stable bioreceptor attachment. Nanostructuring increases the
surface area, allowing for a higher bioreceptor density, which can improve the probability of
analyte capture and the magnitude of the refractive index change. Ag offers stronger plasmonic
effects [79], but its susceptibility to oxidation can compromise sensor stability and the integrity
of the bioreceptor interface [181]. Hybridization of Au films with superparamagnetic iron oxide
NPs like magnetite (FesO4) and nanocellulose aims to optimize these surface interactions for
enhanced binding or reduced non-specific adsorption [83].
- DENV antigen detection (NS1, E protein): Direct detection of DENV NS1 in human serum
using Ag-nanolayers has yielded clinically relevant LoDs (~60 ng/mL, 25 min) [79]. AuNP-
based systems report similar LoDs (~70-74 ng/mL) for recombinant NS1 [86, 88, 89], though
often requiring further optimization for complex matrices or ultra-early detection where antigen
concentrations are minimal. Rapid detection of DENV E protein (<5 min) has been shown, but at
high viral concentrations in cell culture supernatants [85], suggesting that in this setup, faster
detection may come at the cost of lower sensitivity. Sensitivity is dependent on antibody affinity,
surface orientation and density, and the antigen’s size and nature. Nanostructured surfaces can
enhance antibody density and proper orientation, improving binding efficiency and signal
strength. On the other hand, larger antigens like NS1 (a hexamer in its secreted form) [182] or
intact virions can induce a greater refractive index change upon binding compared to smaller
peptide epitopes from the E protein.
- Host antibody detection: Serological SPR assays benefit from the higher concentration and
avidity of antibodies in patient samples (especially IgM, a pentamer that results in a larger mass
change upon binding compared to 1gG, thereby improving the measurable signal). Notably, Au
nanorods, leveraging their anisotropic localized SPR for enhanced field confinement and larger
effective surface area, achieved an exceptional 1 pg LoD for anti-DENV E antibodies in serum
[87]. This system also demonstrated crucial selectivity against Zika virus (ZIKV) and Yellow
fever virus (YFV) antibodies, a critical feature for differential diagnosis in co-endemic regions,
likely due to both the specific recombinant antigen used and the sensitive signal transduction.
While Au-based systems provide stability and have shown success, particularly Au nanorods for
highly sensitive and specific antibody detection, pushing direct viral antigen LoDs into the sub-
ng/mL range in clinical samples remains a challenge. Ag's superior plasmonic properties are
attractive but require robust stabilization strategies for practical use.
4.1.2 | Other promising nanomaterials
To transcend the limitations of traditional noble metal nanostructures, advanced materials and
computational strategies are being integrated into SPR platforms.
4.1.2.1 | Quantum dots
- Mechanism & properties: QDs, semiconductor nanocrystals with high refractive indices,
primarily act as mass-enhancing labels in SPR, increasing the refractive index change per
binding event [183]. In hybrid systems, such as those developed for DENV RNA detection, the
interaction is more sophisticated [93]: QD-AuNP-DNA probe conjugates designed in a "closed-
loop” structure undergo a conformational change upon target RNA hybridization. This change
alters the precise inter-nanomaterial distance, modulating the AuNP's localized SPR through
near-field coupling effects, which is then detected as an SPR shift.
- DENV antigen or nucleic acid detection: This RNA detection strategy achieved an 11.4 fM
LoD in cell culture supernatants [93]. For protein detection, SPR platforms incorporating CdS-
QDs with graphene oxide (GOx), reduced GOx (rGOx), or polyamidoamine (PAMAM)
dendrimers (which provide a 3D scaffold for high-density bioreceptor immobilization [184])
detected recombinant DENV E protein with pM LoDs (0.1-1 pM) [94-97].
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QD-based SPR can dramatically lower LoDs, especially for nucleic acids, which alone produce
weak SPR signals due to their small size. However, the clinical translation of systems using heavy-
metal QDs (CdS, CdSeTe) is hindered by toxicity concerns. Moreover, many high-sensitivity
demonstrations use recombinant proteins or cell culture supernatants, and their
performance/stability in complex clinical matrices for PoC use requires extensive validation.
4.1.2.2 | Graphene
- Mechanism & properties: Graphene's 2D structure offers an exceptionally large surface area for
high-density bioreceptor immobilization. Its unique electronic properties and high refractive
index can enhance the underlying Au film's surface plasmon field [185]. Biomolecules can also
adsorb onto graphene via m-m stacking or electrostatic interactions, which can be leveraged for
sensing or bioreceptor attachment, thereby amplifying the SPR signal upon DENV analyte
binding [186].
- DENV antigen and host antibody detection: NH>-rGOx-PAMAM-AuUNP composites detected
recombinant DENV2 E protein with a 0.08 pM LoD in 8 min [91], demonstrating a synergistic
interplay where rGOXx provides the sensitive interface, PAMAM ensures efficient antibody
conjugation, and AuNPs contribute plasmonically. For antibody detection in human serum,
GOx-modified Au layers achieved a 62.5 ng/mL LoD for anti-DENV E antibodies [90], with a
>300% signal gain over unmodified systems, directly showcasing graphene's signal
amplification capability in complex media.
Graphene enhances SPR sensitivity. However, the consistent fabrication of uniform, defect-free
graphene layers and the development of stable, reproducible functionalization protocols that
preserve its properties without introducing variability are major manufacturing and application
challenges. Managing non-specific binding on its large, reactive surface is also critical [185, 187].
4.1.2.3 | Computational modeling
A substantial portion of recent SPR research for DENV detection leverages computational modeling
to predictively design sensor architectures [98-114]. These studies theoretically explore how the
specific physicochemical properties (dielectric constants, layer thicknesses, nanostructure
geometries) of novel materials (e.g., AIN, BaTiOs, black phosphorus, TiSi2, etc.) modulate SPR
characteristics (e.g., resonance angle shifts, field enhancement, sensitivity in deg/refractive index
units).
Computational modeling is an invaluable tool for accelerating the in silico screening and rational
design of next-generation SPR sensors (e.g., by optimizing multi-layer stacks with materials like
BaTiOs [99, 104, 107, 111] or 2D materials like WS. [109]). However, these theoretical
performance enhancements require rigorous experimental validation with DENV analytes in
clinically relevant matrices. The practical, cost-effective, and scalable fabrication of these often
complex nanostructured interfaces remains a significant translational hurdle from theory to real-
world application.

4.2 | Fluorescence-based biosensors

Fluorescence-based biosensors are among the most widely employed optical methods for DENV
detection due to their potential for high sensitivity and accuracy [188, 189]. These sensors operate
by utilizing fluorophores, molecules that absorb light at a specific wavelength and re-emit it at a
longer wavelength. Changes in fluorescence intensity, lifetime, or polarization upon the interaction
of the DENV analyte with its binding bioreceptor indicate the presence and concentration of the
target [190, 191]. Compared to techniques like colorimetry or SPR, fluorescence-based assays often
achieve lower LoDs, making them particularly effective for early-stage diagnosis where analyte
concentrations are minimal. Nanomaterials play a critical role in these biosensors by enhancing
fluorescent signals, improving photostability, enabling novel sensing mechanisms (e.g., Forster
Resonance Energy Transfer [FRET]), or facilitating efficient bioreceptor immobilization. Key
advancements are summarized in Table 2.
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4.2.1 | Quantum dots
QDs are semiconductor nanocrystals renowned for their exceptional photophysical properties,
offering advantages over traditional organic fluorescent dyes in biomedical applications, including
DENV detection [192].
- Mechanism & properties: QDs exhibit broad absorption spectra (allowing excitation with a
single light source for multiplexing), narrow, size-tunable emission peaks (reducing spectral
overlap), high quantum vyields (brighter signals), and remarkable photostability (resisting
photobleaching during prolonged measurements). These properties collectively lead to improved
signal-to-noise ratios and enhanced sensitivity for detecting DENV nucleic acids [132, 134-137]
or proteins like NS1 [130, 131, 133]. The surface of QDs can be readily modified and conjugated
with various bioreceptors (DNA probes, peptide nucleic acids [PNAs], antibodies) to target
DENYV components specifically. QDs are excellent FRET donors or acceptors [193]. FRET is a
distance-dependent, non-radiative energy transfer process between a donor fluorophore and an
acceptor (which can be another fluorophore or a quencher like AuNPs). In biosensors, FRET is
commonly used by designing systems where the binding of an analyte changes the distance
between a QD and its FRET partner [194]. This can lead to two types of "signal-on" responses:
either the analyte brings the QD and the acceptor close together, triggering FRET and emission
from the acceptor, or it separates them, stopping FRET and restoring the QD’s fluorescence, for
example, by removing a quencher. Optimizing FRET efficiency relies on controlled geometry
and proximity between the nanostructures, which can be challenging
- DENV nucleic acid detection: Systems conjugating QDs with DNA probes [132, 137], often in
conjunction with AuNPs as quenchers [134-136], have been developed. For instance, carbon
QDs-AuNP conjugates, and N,S-graphene QDs combined with AuNPs have been explored [134,
136]. A highly sensitive system using CdSeS/ZnS-QDs achieved an LoD of 0.5 fM for DENV
RNA in cell culture supernatants within ~1 h [132], leveraging a duplex-specific nuclease
enzyme to degrade hybridized targets and amplify the signal. Molecular beacon probes, which
maintain QDs and AuNPs in close proximity in an inactive 'off' state (quenched) and separate
upon target binding to an 'on' state (fluorescent), offer advantages by optimizing FRET
efficiency and reducing background without the need for washing steps. Such a system using
CdSe/ZnSeS-QDs conjugated with AuNPs and molecular beacons reported an exceptionally low
LoD of ~0.05 fM (31 RNA copies/mL) in synthetic samples [135]. QDs functionalized with
PNAs, which offer greater stability and stronger, more specific binding to target nucleic acids
than DNA probes [195], achieved a LoD of 10 pM in human plasma samples [137], a significant
result given that most DNA-probe systems used synthetic or cell culture supernatants.
- DENV antigen detection (NS1): Various strategies include CdZnSeS/ZnS-QDs combined with
AuNPs (a FRET-based approach) [133], streptavidin-conjugated QDs (for sandwich
immunoassays) [130], and 'papaya particles' (QDs embedded in polystyrene NPs, offering signal
amplification due to multiple QDs per particle) [131]. Streptavidin-conjugated QDs proved
highly sensitive, achieving a LoD of 0.048 ng/mL for NS1 in spiked samples within 25 min
[130], while 'papaya particles' showed 15-fold higher sensitivity than conventional methods
[131].
QD-based fluorescent biosensors, particularly those employing FRET mechanisms with AuNPs or
nuclease-assisted signal amplification, have demonstrated extremely low LoDs, especially for
DENV nucleic acids. This makes them highly relevant for early diagnosis. However, several
challenges persist. Proper surface modifications are required for water compatibility and direct
bioreceptor attachment, often involving complex chemistries that can hinder scalability and
reproducibility [196]. Many promising LoDs were obtained using synthetic or spiked samples.
Rigorous validation with real-world clinical samples (e.g., serum, saliva, urine) is crucial to assess
performance in complex matrices and confirm their PoC applicability. Finally, the use of heavy-
metal-containing QDs (e.g., Cd-based) raises significant toxicity and environmental concerns,
which are major barriers to their widespread clinical adoption and PoC deployment [197, 198].
Efforts are ongoing to develop less toxic QD alternatives.
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4.2.2 | Other promising nanomaterials
Besides QDs, other nanomaterials[115, 119-129, 138] and advanced biorecognition elements [116-
118] are enhancing fluorescence-based DENV biosensors.
4.2.2.1| Graphene
- Mechanism & properties: GOx is an excellent fluorescence quencher due to its broad
absorption spectrum and efficient energy transfer capabilities. In biosensors, fluorophore-labeled
probes (e.g., DNA, PNA, aptamers) adsorbed onto the GOx surface are quenched [199, 200].
Upon target binding, the probe undergoes a conformational change or is displaced from the GOx
surface, restoring fluorescence (“'signal-on™). GOXx's large surface area also facilitates efficient
probe loading [199, 200].
- DENV antigen and acid nucleic detection: A GOx biosensor incorporating a Ru-bipyridine
complex for NS1 detection achieved an LoD of 0.48 ng/mL in spiked samples within 20 min
[120] (though it was less sensitive than the best QD-NS1 systems). Another GOx system
combined loop-mediated isothermal amplification with PNA probes for nucleic acid detection
[119]; while innovative, this approach is less sensitive than direct QD-RNA detection and
involves more complex procedures.
GOx-based gquenching platforms are attractive for their simplicity. However, their sensitivity may
not match that of optimized QD-FRET systems. Reproducibility can also be an issue, as variations
in GOx sheet size and oxidation levels can affect quenching efficiency and probe interaction [200].
4.2.2.2 | Microspheres
- Mechanism & properties: Microspheres provide a high surface area for immobilizing probes or
capturing DENV targets, effectively concentrating the analyte and enhancing signal detection
[201-203]. Magnetic microspheres offer the additional advantage of easy separation and washing
steps, which reduces the background signal [201-203].
- DENV antigen and host antibody detection: Methacrylic microspheres functionalized with anti-
DENV E antibodies showed 20-fold higher sensitivity than conventional enzyme-linked
immunosorbent assay (ELISA) [125]. Multiplex immunoassays using magnetic microspheres
coated with DENV E or NS1 proteins detected anti-DENV antibodies in human serum with
>94% sensitivity and >97% specificity, outperforming traditional methods [121, 123, 124].
Using single-domain antibodies with SpyTag/SpyCatcher technology on magnetic microspheres
further optimized NS1 detection by improving antibody orientation [122].
Microsphere-based assays, especially those utilizing magnetic separation, can improve assay
performance and enable multiplexing. However, potential issues include non-specific binding to the
microsphere surface, particle aggregation, and autofluorescence, which can affect sensitivity.
4.2.2.3 | Aptamers as recognition elements
Aptamers are short, single-stranded DNA or RNA molecules that fold into specific 3D structures
capable of binding targets with high affinity and specificity, akin to antibodies. They offer
advantages such as ease of synthesis, stability, and smaller size [204, 205]. Strategies like G-
quadruplex structures [116], DNA origami scaffolds [117], or enzyme-linked modular designs [118]
aim to enhance sensitivity by optimizing molecular recognition and signal transduction. While
promising, aptamer-based sensors can be sensitive to environmental conditions (temperature, pH,
ionic strength). Complex aptamer designs can increase fabrication costs [206]. Signal amplification
often remains a bottleneck, necessitating integration with nanomaterials or advanced detection
schemes to achieve clinically relevant LoDs.
4.2.2.4 | Other nanomaterial-enhanced systems
Magnetite NPs possess unique magnetic properties. In fluorescence immunoassays, they are
primarily used for magnetic separation and concentration of the DENV analyte or analyte-antibody
complexes. After binding, an external magnetic field can efficiently isolate these complexes from
the bulk sample, reducing matrix interference and background fluorescence [152]. This pre-
concentration step effectively increases the local concentration of the target at the detection site.
Magnetite NP-based immunoassays have demonstrated fluorescence signals nearly 20-fold stronger
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than conventional ELISA for serological detection [126], directly attributable to this efficient target
enrichment and background reduction.

Polystyrene NPs can be loaded with a high density of fluorescent dyes or QDs within their matrix
[129, 131]. In immunospot assays, these NPs serve as highly bright labels. Instead of a single
fluorophore per binding event, each NP carries multiple emissive species. This results in signal
amplification because each antigen-antibody binding event is tagged with a much brighter entity
[207, 208]. Polystyrene also offers good stability and well-established surface chemistry for
conjugation with antibodies [209, 210]. Their use in immunospot assays for NS1 (LoD 5.2 ng/mL)
improved overall sensitivity and, importantly, resistance to photobleaching compared to individual
dye molecules, allowing for more robust and longer-lasting signal acquisition [129].

Au/ZnO nanowires create a 3D nanostructured surface with an extremely high surface-area-to-
volume ratio [211]. This dramatically increases the number of available sites for bioreceptor (e.g.,
antibody) immobilization, leading to a higher capture efficiency for DENV analytes [212].
Moreover, the presence of Au on the ZnO nanowires can lead to plasmon-enhanced fluorescence. If
the fluorescent dye used in the immunoassay is in close proximity to the Au nanostructures on the
ZnO nanowires. In that case, its fluorescence emission can be amplified due to interactions with the
localized surface plasmons of the Au. ZnO itself can also exhibit UV fluorescence, though, in
fluorescence-linked immunosorbent assays (FLISA), it primarily acts as the scaffold. These
Au/ZnO nanowire platforms exhibited exceptional performance in FLISA, achieving an ultra-low
LoD of 1.35 pg/mL for NS1 in urine—4,500-fold lower than commercial ELISA Kits [138]. This
remarkable enhancement is a direct consequence of the synergistic effects of increased antigen
capture (due to the high surface area) and potential plasmon-enhanced fluorescence amplification.
These examples highlight the diverse strategies—magnetic concentration (magnetite NPs), intrinsic
signal amplification by multi-dye loading (polystyrene NPs), and combined high surface area
capture with plasmon-enhancement (Au/ZnO nanowires)—through which nanomaterials can boost
the performance of fluorescence-based DENV detection. While demonstrating impressive LoDs,
particularly with the Au/ZnO nanowire system in non-invasive samples, simplifying detection
protocols and reducing processing times remain critical for true PoC applicability.

4.3 | Colorimetric-based biosensors
Colorimetric biosensors offer a highly attractive approach for DENV detection, particularly for PoC
applications, due to their potential for rapid, cost-effective analysis and visual readout without the
need for sophisticated instrumentation [213]. These sensors rely on generating a visible color
change—either through the formation of colored products, alterations in light scattering by NPs, or
enzymatic reactions—upon interaction with the analyte [214]. Nanomaterials, especially metallic
NPs, are central to many colorimetric strategies due to their unique optical properties that are highly
sensitive to their aggregation state or local environment. Key advancements are summarized in
Table 3.
4.3.1 | Gold and silver nanoparticles
AuNPs and AgNPs are the workhorses of colorimetric biosensing due to their intense, size- and
shape-dependent localized SPR, ease of functionalization, and strong interactions with biological
molecules [215].
- Mechanism & properties: Colloidal AuNPs typically appear red due to their localized SPR
absorption in the green region of the spectrum, while AgNPs are often yellow [216]. The core
mechanism in many AuNP/AgNP-based colorimetric assays is the analyte-induced aggregation
or dispersion of the NPs. When functionalized AuNPs/AgNPs aggregate (e.g., due to cross-
linking by a DENV analyte or hybridization of complementary DNA probes attached to different
NPs), their localized SPR peaks shift to longer wavelengths (red-shift) due to interparticle
plasmon coupling. This results in a visible color change (e.g., red to blue/purple for AuNPS)
[217, 218]. Conversely, an analyte might prevent aggregation or cause the dispersion of pre-
aggregated NPs, leading to a color change back to that of the dispersed state [219].
The surfaces of AuNPs and AgNPs are readily functionalized with bioreceptors like DNA/PNA
probes (for DENV nucleic acids [139-142, 145] or aptamers/antibodies (for NS1 protein [143,
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144]). This functionalization is key to conferring specificity. The colorimetric response is highly
dependent on the initial size, shape, and concentration of the NPs, as well as their stability
against non-specific aggregation in biological media (often controlled by surface capping
agents).
- DENV nucleic acid detection: AuNPs and triangular AgNPs conjugated with DNA probes have
been used for DENV nuclei acid detection [139-142]. Typically, in the presence of the target
nucleic acid, hybridization occurs between probes on different NPs, inducing aggregation and a
color change. PNA probes, offering higher binding affinity and stability, have also been used
with AuNPs [145]. While many of these systems were validated with synthetic or cell culture
samples, one study successfully detected DENV RNA in human serum [141], highlighting
progress toward clinical applicability.
- DENV protein detection (NS1): Aptamers, with their stability and ease of synthesis [220], are
emerging as powerful bioreceptors for NS1. An AuNP-based aptasensor achieved an ultra-low
LoD of 1.28 pg/mL for NS1 in spiked human serum, representing one of the most sensitive
colorimetric methods reported to date [143]. This high sensitivity likely stems from the aptamer's
high affinity and the efficient signal transduction (color change) upon aptamer-NS1 binding
inducing AuNP aggregation.
Combining AuNPs with maghemite (y-Fe.Os) enables magnetic separation/pre-concentration of
the DENV-AUNP complexes prior to the colorimetric readout, enhancing detection sensitivity
and specificity. Such a system successfully detected all four DENV serotypes without cross-
reactivity with ZIKV or YFV [144]. Further advancements integrate bimetallic Au/AgNPs with
maghemite [146], leveraging synergistic plasmon coupling between Au and Ag for enhanced
optical properties, increased active surface area, and improved magnetic separation, leading to
higher sensitivity for DENV detection [221, 222].
AUNP/AgNP-based colorimetric assays offer simplicity, visual readout, and cost-effectiveness. The
main challenge lies in achieving consistent sensitivity and reproducibility in complex clinical
samples, where matrix components can interfere with NP stability or biorecognition. While visual
detection is convenient for PoC, objective quantification (e.g., using smartphone cameras or
portable spectrophotometers) is often needed for precise results [223-226]. Validating these systems
with a broader range of clinical specimens is crucial.
4.3.2 | Other promising nanomaterials
Beyond Au/AgNPs, other nanosystems and platform designs are being explored to enhance
colorimetric DENV detection.
Inspired by LEGO’s modular building block concept, fiber probe analytical platforms integrate
electrospun fiber mats into ELISA plate wells [147, 148]. These fiber mats possess a very high
surface area, which increases protein (e.g.,, DENV2 NS1 or C proteins) immobilization capacity
compared to standard ELISA wells. The increased surface area for bioreceptor binding and
subsequent enzymatic colorimetric reactions leads to an 8- to 12-fold increase in assay sensitivity.
This demonstrates how nanostructured (fibrous) platforms can amplify conventional colorimetric
(ELISA-like) signals.
Polymer-coated microporous nylon membranes offer a customizable surface for the efficient
immobilization of anti-DENV E antibodies, enabling DENV E protein detection via a colorimetric
sandwich assay format [151]. The porous nature increases the surface area. Performance can be
further enhanced by integrating AuNPs or superparamagnetic iron oxide NPs onto/within the
membrane to either catalyze the colorimetric reaction (e.g., AUNPs with peroxidase-like activity) or
to pre-concentrate the target.
Magnetite NPs, distinct from maghemite, offer higher magnetization for efficient virus/analyte
separation, greater stability under reducing conditions, and easier functionalization. They can be
used for the magnetic pre-concentration of DENV NS1 from cell culture supernatants, followed by
a colorimetric assay (e.g., ELISA-like) [152]. This approach offers a low-cost, simple method with
high specificity. However, the susceptibility of magnetite to oxidation (potentially affecting long-
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term stability and functionalization integrity) remains a challenge compared to more stable
magnetic cores like maghemite.
Yeast cells can be bioengineered to display single-chain fragment variable (scFv) antibodies on
their surface (nanoyeasts) [150]. These nanoyeasts act as multivalent biorecognition particles. For
DENV NS1 detection, the binding of NS1 to scFv-displaying nanoyeasts can then be detected using
a secondary antibody conjugated to an enzyme (like horseradish peroxidase) for a colorimetric
readout. This system recognized all four DENV serotypes with a LoD of 250 ng/mL in spiked
solutions. Advantages include the potential for high specificity (from the scFv) and
biocompatibility. While promising, nanoyeast-based systems face challenges in the complex
synthesis and functionalization with scFv antibodies. Sensitivity might be reduced in complex
biological samples due to interference or non-specific binding to the yeast cell surface itself.
Colorimetric biosensors, particularly those employing Au/AgNPs, provide a highly accessible and
PoC-friendly platform for DENV detection due to their visual readout and potential for low cost.
The core mechanism relies on analyte-induced changes in NP-localized SPR and their aggregation
state. Hybrid systems incorporating magnetic NPs enhance sensitivity by enabling pre-
concentration. Innovations like fiber probe analytical platforms and nanostructured membranes
amplify signals by increasing the surface area for biorecognition. While simple and often rapid, key
challenges for colorimetric sensors include achieving robust sensitivity and specificity in complex
clinical matrices, ensuring the stability of NP dispersions, and transitioning from qualitative/semi-
quantitative visual readouts to reliable quantitative measurements for precise clinical decision-
making.
4.4 | SERS-based biosensors
SERS is an ultrasensitive vibrational spectroscopy technique that dramatically enhances the Raman
signal of molecules adsorbed on or in close proximity to nanostructured metallic surfaces, typically
Au or Ag [26, 227]. This enhancement, which can be many orders of magnitude (up to 10'°-10'4),
arises primarily from electromagnetic enhancement (due to localized SPR excitation) and, to a
lesser extent, chemical enhancement (charge-transfer mechanisms) [228-230]. SERS provides a
unique "fingerprint” spectrum for the analyte, offering high specificity. Its potential for
multiplexing and high sensitivity makes it a promising tool for DENV detection, although
challenges in reproducibility and substrate fabrication persist. Key advancements are summarized in
Table 4.
4.4.1 | Gold and silver nanostructures
Au and Ag nanostructures, in various morphologies like NPs and nanorods, are the primary
materials used to generate the SERS effect.
- Mechanism & properties: The core SERS mechanism relies on the excitation of localized SPR
in these metallic nanostructures by incident laser light [231]. This creates highly localized and
intense electromagnetic fields ("hot spots™), particularly in interparticle gaps or at sharp
nanostructure features. Molecules situated within these hot spots experience a massive
amplification of their Raman scattering cross-section [231]. The SERS enhancement factor is
strongly dependent on the nanomaterial's size, shape, aggregation state, and dielectric
environment.
For DENV detection, these nanostructures are either functionalized with bioreceptors (e.g.,
antibodies against NS1) to capture the analyte directly on the SERS-active surface, or they are
used as SERS "tags" (NPs functionalized with a Raman reporter molecule and a bioreceptor) in
sandwich-type assays [232]. Ensuring that the DENV analyte or the Raman reporter is precisely
positioned within the SERS hot spots is critical for achieving maximum signal enhancement. Ag
generally provides stronger SERS enhancement than Au, especially with common laser
excitation wavelengths (e.g., 532 nm, 633 nm) [233]. However, Au offers superior chemical
stability and biocompatibility, and its localized SPR can be tuned to the near-infrared region,
reducing background fluorescence from biological samples.
- DENV antigen/virus detection: AuNPs conjugated with anti-DENV NS1 antibodies have been
used to detect DENV and other flaviviruses (like West Nile virus [WNV]), achieving a LoD of
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10 plaque forming units per mL in cell culture supernatants [159]. While promising for early-
stage diagnosis, potential cross-reactivity between DENV and WNYV due to structural similarities
in NS1 is a concern that needs careful management through highly specific antibody selection.
The reliance on spiked samples also necessitates further validation in clinical matrices.
Ag nanorod-based SERS biosensors have enabled DENV detection from small volumes (5 pL)
of human serum, demonstrating feasibility with portable Raman spectrometers [157]. This is a
step towards PoC, but the cost of Raman spectrometers can be a barrier. AQNPs have facilitated
direct DENV NS1 protein detection in spiked saliva samples with a LoD of 1 pg/mL [156]. This
non-invasive approach is attractive, but again, validation in clinical saliva (which is a complex
matrix) and comparison with established LoDs are needed. The relatively high LoD compared to
other methods might also limit its utility for very early detection.
- DENV acid nucleic and host antibody detection: DNA-based SERS biosensors employing
cascaded signal amplification strategies (e.g., localized catalytic hairpin assembly and
hybridization chain reaction on SERS substrates) have achieved exceptionally low LoDs of 0.49
fM for DENV acid nucleic targets [158]. These complex amplification schemes, while highly
sensitive, add to the assay time and procedural steps. On the other hand, hybrid nanomaterials,
such as Au nanorods functionalized with Au nanospheres (creating numerous hot spots), have
shown exceptional sensitivity for detecting anti-DENV NS1 antibodies at 25 fg/mL in spiked
human plasma [160]. This innovative nanostructuring, which optimizes nanomaterial
arrangement and hot spot generation, highlights the potential of SERS for ultra-sensitive
serological assays.
SERS offers the potential for label-free, highly specific (fingerprint-based), and ultra-sensitive
detection. The development of hybrid nanostructures and sophisticated signal amplification
strategies for nucleic acids has pushed LoDs to impressive levels. However, several critical
challenges hinder widespread clinical translation. Fabricating SERS-active substrates with uniform
and highly reproducible enhancement across the surface and from batch to batch is a major hurdle
[234-236]. While portable Raman spectrometers exist, their cost and the need for precise laser
alignment can limit accessibility, especially for PoC diagnostics in resource-limited settings. SERS
signals can be difficult to quantify reliably due to variations in hot spot distribution and analyte
orientation. Moreover, biological samples can cause background fluorescence or non-specific
adsorption, interfering with SERS signals.
4.4.2 | Other promising nanomaterials
An innovative approach coupled bioengineered nanoyeasts (displaying scFv antibodies against
DENV2 NS1) with SERS-active "nanoboxes” (hollow metallic nanostructures with internal hot
spots) [161]. The nanoyeasts capture the NS1, and this complex is then brought into proximity with
the SERS nanoboxes for signal readout. This system demonstrated high specificity for DENV2
NS1, achieving a LoD of 10 pg/mL in cell culture supernatants. A key advantage was its ability to
distinguish DENV2 from other serotypes and ZIKV, addressing the crucial need for specific
diagnostics. While highly specific, this approach faces practical limitations. Engineering nanoyeasts
with scFv antibodies is technically challenging. Coupling two distinct nano-entities (yeast and
nanobox) adds complexity to the assay protocol and may hinder large-scale production and field
deployment [237]. Non-specific biomolecule interactions in real-world samples could also reduce
sensor performance [237].
To overcome the limitations of expensive instrumentation and substrate fabrication, research is
moving towards developing low-cost alternatives. These include smartphone-based Raman systems
(using the phone's camera as a detector and its processing power) and disposable SERS biosensors,
such as paper-based SERS platforms [238, 239]. Paper offers a low-cost, flexible, and disposable
substrate that can be easily functionalized with SERS-active NPs. Eco-friendly and recyclable
SERS substrates, like paper platforms functionalized with green-synthesized NPs or nanocomposite
hydrogels, offer sustainable solutions that reduce costs and environmental impact [234-236]. These
developments are crucial for making SERS technology more accessible for PoC DENYV diagnostics,
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particularly in resource-constrained settings. However, achieving consistent SERS enhancement
and signal reproducibility on these low-cost platforms remains an active area of research.

4.5 | Luminescence-based biosensors

Luminescence-based biosensors detect light emitted from a chemical reaction (chemiluminescence)
or a biological reaction (bioluminescence) triggered by the presence of the analyte or its interaction
with a biorecognition element [240]. These methods offer high sensitivity due to the often very low
background signal (as no external light source is required for excitation, unlike in fluorescence).
Nanomaterials can play a role in enhancing light output, stabilizing reagents, or serving as platforms
for the luminescent reaction. Key advancements are summarized in Table 4.

Chemiluminescence involves the emission of light from a chemical reaction that produces an
electronically excited intermediate, which then decays to a ground state by emitting a photon [241].
Common chemiluminescence systems involve reactions like luminol oxidation catalyzed by
horseradish peroxidase in the presence of hydrogen peroxide [242]. In DENV biosensors, this is
typically applied in an immunoassay format where one of the antibodies (or the antigen) is labeled
with horseradish peroxidase. An assay using DENV E peptides (as immobilized antigen) to detect
anti-DENV E antibodies in human urine samples employed a chemiluminescent readout (a
horseradish peroxidase-conjugated secondary antibody) [162]. This system demonstrated 85%
sensitivity and 96.4% specificity, with results within 90 min. The ability to use non-invasive
samples is an advantage, simplifying diagnostics. Chemiluminescence offers high sensitivity due to
its low background. However, chemiluminescence reactions can be sensitive to environmental
factors (pH, temperature, presence of quenchers, or inhibitors in the sample matrix) [243, 244]. For
PoC applications, the need for stable reagents and, often, specialized plate readers for quantitative
measurement can be limitations, though visual or simple photodetector readouts are possible for
qualitative tests. The requirement for controlled pH conditions might restrict its use in decentralized
settings.

Bioluminescence is light produced by living organisms through enzyme-catalyzed reactions, most
commonly involving luciferases (e.g., firefly luciferase, NanoLuc) and their substrates (e.g.,
luciferin, furimazine) [245]. These systems offer stable reagents, often simple readout, and ease of
interpretation [246]. Bioluminescence resonance energy transfer (BRET) is analogous to FRET but
uses a bioluminescent donor (e.g., a luciferase) instead of a fluorescent one [247, 248]. Energy is
transferred non-radiatively from the excited product of the luciferase reaction to a nearby
fluorescent acceptor protein (e.g., mMNeonGreen) if they are within ~10 nm. The binding of a DENV
analyte can bring the luciferase and acceptor protein together or separate them, modulating the
BRET signal [249]. A BRET-based biosensor enabled rapid (30 min), label-free detection of anti-
DENV NS1 antibodies, even in undiluted samples [163]. This system, composed of NanoLuc
(donor) and the fluorescent protein mNeonGreen (acceptor) linked via components that interact
upon antibody binding, achieved pM sensitivity. A key advantage was its adaptability for
smartphone-based analysis, demonstrating PoC potential. The modular design also allowed for
adaptation to detect other viruses like human immunodeficiency virus, showcasing its versatility.
Bioluminescent sensors, especially NanoLuc-based systems, are extremely sensitive due to the high
quantum vyield of the luciferase and very low background signals [250, 251]. BRET adds another
layer of specificity and allows for ratiometric measurements (ratio of acceptor to donor emission),
which can reduce variability. However, a primary challenge for bioluminescent biosensors is
enzyme stability (luciferase activity can degrade over time or under harsh conditions), which can
affect sensor shelf-life and widespread application [252, 253]. The availability and cost of specific
substrates (like furimazine for NanoLuc) can also be a consideration.

While inherently sensitive, detecting very low concentrations of DENV analytes (e.g., early-stage
anti-DENV antibodies or low viremia) remains critical. Nanomaterial-based signal amplification
strategies could be key [254, 255]. Optimizing biorecognition elements (e.g., advanced peptide
sequences, aptamers) to enhance target binding specificity and reduce cross-reactivity is crucial
[256]. Developing novel, more stable, and brighter bioluminescent probes (e.g., engineered
luciferases, high-efficiency luminescent dyes) can improve quantum yield and signal-to-noise ratios
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[253, 257]. Designing simpler detection platforms that reduce reliance on specialized equipment
(e.g., integrating with microfluidics or paper-based devices) is essential for PoC translation.
Integrating deep learning or artificial intelligence for improved data analysis and results
interpretation can enhance accuracy and user-friendliness [237].

4.6 | Other optical systems

Beyond the major categories previously discussed, several other innovative optical systems have
been developed or adapted for DENV detection, often leveraging unique light-matter interactions or
specialized optical components. These include reflectance-based sensors [165-169], interferometric
methods [170-176], and caustic light scattering technologies [164], each with distinct mechanisms
and potential applications (Table 4).

4.6.1 | Tapered optical fibers for interferometric methods

Tapered optical fibers (TOFs) are optical fibers with a gradually reduced diameter in a specific
sensing region. This tapering enhances the evanescent wave—the portion of the guided light that
extends into the surrounding medium—allowing for a much stronger interaction with analytes
bound to the fiber surface compared to standard optical fibers [258-260]. When DENV analytes
(e.g., E protein) bind to bioreceptors (e.g., anti-DENV E antibodies) immobilized on the tapered
region, they alter the effective refractive index experienced by the evanescent wave. This change in
refractive index causes a shift in the interference pattern of light propagating through the fiber,
which can be measured as a change in transmitted light intensity or wavelength [261]. The
sensitivity of TOFs arises from this enhanced light-analyte interaction and the inherent sensitivity of
interferometric measurements to minute refractive index changes.

Nanomaterials are integrated onto the TOF surface primarily to increase the bioreceptor loading
capacity or further modulate the local refractive index upon analyte binding. PAMAM dendrimers,
highly branched, 3D polymers, provide an increased surface area and multiple functional groups for
the covalent attachment of a higher density of anti-DENV E antibodies [173]. This increased
antibody density enhances the probability of capturing DENV E protein, leading to a larger overall
refractive index change. GOx, with its large surface area and oxygen-containing functional groups,
can also serve as an effective platform for antibody immobilization [171]. Moreover, its high
refractive index can contribute to a greater shift in the evanescent wave properties upon protein
binding. Combining GOx and PAMAM aims to synergize their benefits—the high surface area and
potential electronic contributions of GOx with the 3D scaffolding and functional group density of
PAMAM-—for even more efficient antibody immaobilization and signal transduction [172].

TOF sensors functionalized with anti-DENV2 E antibodies and enhanced with PAMAM
dendrimers, GOx, or GOx-PAMAM complexes have achieved LoDs for DENV E protein of around
1 pM within approximately 20 min, outperforming standard biofunctionalized fibers [171-173].
This LoD, while good, is still an order of magnitude higher (less sensitive) than those achieved by
some of the best SPR-based biosensors using AuNPs or QDs for protein detection, suggesting a
comparatively lower intrinsic sensitivity for this TOF configuration.

TOFs offer advantages like relatively simple fabrication and the potential for miniaturization. The
integration of nanomaterials clearly improves their performance by increasing bioreceptor density.
However, achieving ultra-high sensitivity comparable to advanced SPR or fluorescence methods
remains a challenge. Ensuring robust and reproducible tapering and surface functionalization are
also key for reliable performance.

4.6.2 | Reflectance

These sensors typically measure changes in light scattered or reflected from a surface where DENV
nucleic acid (cDNA or RNA) hybridization occurs [165-169]. The interaction often takes place on
the surface of microspheres or specialized substrates. An additional layer or optical markers (like
AUuNPs) are frequently incorporated to enhance specificity and the magnitude of the reflectance
change [262].

Acrylic microspheres, for example, can be functionalized to immobilize DNA probes specific for
DENV cDNA or RNA [166, 167]. Latex-AuNPs can serve as optical markers in sandwich
hybridization assays. The presence and density of these AuNPs, bound due to target hybridization,
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alter the reflectance properties of the surface [165]. Porous silica nanospheres can also act as
matrices for immobilizing DNA probes, offering a high internal surface area [168].
Reflectance-based systems have demonstrated extraordinary sensitivity for DENV nucleic acid
detection. Acrylic microspheres with immobilized DNA probes detected DENV2 cDNA with a
LoD of 0.121 fM in just 15 min [166]. A G-quadruplex DNA probe on acrylic microspheres,
hybridizing with DENV2 RNA, achieved a remarkable LoD of 0.447 zM (zeptomolar, equivalent to
4.47 x 1077 fM) in 30 min [167]. This extreme sensitivity likely arises from specific structural
changes in the G-quadruplex upon RNA binding that lead to a highly detectable optical signal,
possibly amplified by the microsphere platform. A sandwich hybridization strategy on acrylic
microspheres functionalized with succinimide, using latex-AuNPs as optical markers, reported a
LoD of 102* M for DENV c¢DNA [165]—the lowest ever detected by any method reviewed. This
unprecedented sensitivity suggests a highly efficient capture and signal generation mechanism,
where even a few binding events are amplified by the AuNP markers. Aminated porous silica
nanospheres for cONA detection achieved an LoD of 0.2 aM (attomolar, 0.0002 fM) [168]. The
extreme sensitivity of this system arises from several synergistic factors attributed to the porous
silica nanospheres: (i) an exceptionally high internal surface area allowing for a vastly increased
density of immobilized DNA probes, thereby maximizing target capture probability; (ii) potential
nanoconfinement effects within the pores, concentrating hybridization events; and (iii) complex
light-matter interactions where the nanostructured porous matrix, laden with hybridization
complexes, leads to amplified and highly sensitive changes in the overall surface reflectance.
Illustrating further advancements in reflectometric sensitivity, a solid-state DNA optode employed
aminated silica nanoparticles (SiO-NPs) as a stable matrix for covalently immobilized DNA probes
[169]. Detection of DENV2 cDNA was achieved using a Zn-salphen complex as an optical label.
The detection mechanism relies on target cDNA hybridization to the immobilized probes, creating
dsDNA into which the planar, aromatic Zn-salphen complex intercalates via n-stacking interactions.
This intercalation induces a distinct color change on the SiO-NP surface, quantitatively measured as
a decrease in light reflectance. This strategy yielded an exceptional LoD of 1 zM within 30 min,
with high selectivity against single nucleotide mismatches. The remarkable zM sensitivity stems
from the combination of efficient surface hybridization on the nanoparticles and the significant
optical signal change generated by even minimal intercalation of the Zn-salphen complex,
effectively transducing few molecular binding events into a measurable reflectometric signal.
Importantly, many of these ultra-sensitive reflectance systems have been validated for use with
clinical samples like blood, urine, and saliva, making them highly promising for early and non-
invasive DENV detection. The mechanisms behind such extreme sensitivities (zeptomolar, 1072° M)
likely involve a combination of highly efficient probe-target hybridization, signal amplification
from NP markers, and potentially unique optical phenomena occurring on the
microsphere/nanosphere surfaces. Despite their remarkable sensitivity, challenges remain for their
integration into field-based PoC diagnostics. These include the potential high cost of specialized
reagents (e.g., highly purified probes, G-quadruplexes), complexity in fabricating reproducible
sensor surfaces (e.g., uniform microsphere coatings), and often, the requirement for specialized
optical readers for quantitative data acquisition, which may limit their widespread application in
resource-limited settings.

4.6.3 | Optical caustic plasmonic light scattering

This approach, demonstrated by Garcia et al. [164], measures changes in green light scattering from
60 nm AuNPs using an "optical caustic focus". DENV E protein is conjugated to the AuNPs.
Patient antibodies (anti-DENV E antibodies) cross-link these functionalized AuNPs, inducing
aggregation. This aggregation alters the solution's light scattering properties due to interparticle
plasmon coupling, which is sensitively detected by the optical caustic setup (lens-free and light-
emitting diode-based). The feasibility study showed good agreement with dot blot for 10 human
serum samples, indicating promise for detecting AuNP aggregation in a homogeneous assay format.
This represents an innovative, potentially low-cost light scattering method. Key advantages are its
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homogeneous format and potential for portable instrumentation. Further optimization for clinical
sensitivity/specificity and matrix effects is needed.

5| COMPARATIVE ANALYSIS AND DISCUSSION

Several well-established methods are available for detecting DENV, including reverse transcription
polymerase chain reaction (RT-PCR) for DENV RNA, serological tests such as ELISA, and NS1
protein assays [263], with PCR often considered the gold standard. Table 5 summarizes the
performance of some commercially available NS1 diagnostic Kits, antibody serology Kits, and PCR
kits for DENV detection [264-268] and compares them with five optical biosensors discussed in
this review.

A key factor in assessing conventional methods is their ability to detect biomarker concentrations
relevant to early diagnosis. Early detection is particularly challenging because patients typically
present with nonspecific symptoms and undifferentiated fever within 5 to 7 days post-infection.
Commercial ELISA Kits exist but are generally unsuitable for early diagnosis, as IgM antibodies
usually appear 5 to 7 days after symptom onset [269, 270]. This delay complicates result
interpretation for acute infections. Additionally, there is a risk of cross-reactivity with other
flaviviruses. Detection technologies targeting viral components (nucleic acid or proteins) are
especially useful in the early stages before the immune response clears the virus [271]. During the
acute phase, DENV RNA is typically found in blood at concentrations of 103-10¢ copies/mL [272].
While gRT-PCR can detect as few as 103 RNA copies/mL, its effectiveness is limited by the short
duration of viremia in most DENV infections, making serological methods a necessary
complement. Moreover, PCR remains costly and impractical for routine clinical diagnostics. The
NS1 antigen, present across all DENV serotypes, reaches high levels in the early days of illness,
making it a reliable marker for early diagnosis. It can be detected from day 0, peaking between days
6 and 10 [273, 274] at concentrations ranging from 0.01 to 2 pg/mL [275]. As a result, most
commercial diagnostic kits target NS1. Additionally, alternative detection systems focusing on the
DENV E protein have been explored, as highlighted in this systematic review. Nanotechnology-
based approaches are being investigated to enhance optical biosensors for early DENV detection,
addressing the limitations of current commercial diagnostic methods.

5.1 | Evaluating performance and economic feasibility of nanotechnology-based

optical biosensors

Comparing commercial diagnostic methods with biosensors for DENV detection is challenging due
to limited data on biosensor specificity and costs. Additionally, biosensors typically report
sensitivity as LoD, using highly variable measurement units. Among the reviewed biosensors, only
five provide sensitivity and specificity values, allowing direct comparison with commercial kits (see
Table 5) [81, 121, 123, 149, 162]. Optical biosensors emerge as a promising alternative, offering
high sensitivity (83-95%) and specificity (96.4-100%) with processing times ranging from 10 to
150 min, depending on the detection method. Notably, the SPR biosensor developed by Jahanshahi
et al. [81] enables rapid detection within just 10 min while maintaining high sensitivity and
specificity, outperforming both ELISA and rapid tests in overall efficiency. Moreover, these optical
biosensors offer greater flexibility in sample type, allowing DENV detection in serum, plasma,
saliva, or urine, thereby expanding their diagnostic applicability.

The economic analysis for the implementation of optical biosensors based on nanotechnology for
DENV detection depends on multiple factors, including the synthesis and scalability of
nanomaterials, as well as the type of biosensor used. Comparing their cost with current conventional
methods is challenging, as existing studies present diverse conclusions [276]. On the one hand, it
has been reported that the cost-benefit ratio of rapid diagnostic tests for DENV ranges between $3
and $7, making them cheaper than a DENV-specific ELISA test [277]. However, another study
using cost-effectiveness modeling determined that these rapid diagnostic tests were not
advantageous, as they were more expensive and less effective than presumptive treatment [278].
Therefore, a comprehensive cost-effectiveness assessment is essential in endemic settings. Such an
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assessment should consider total costs along with the sensitivity and specificity of novel diagnostic
methods to optimize their practical application.

5.2 | Comparing nanotechnology-based optical biosensor modalities: features,

limitations, and PoC suitability

This systematic review describes a diverse group of nanotechnology-enabled optical biosensors for
DENV detection, each employing different transduction mechanisms with inherent strengths and
weaknesses. A comparative analysis reveals distinct trends regarding sensitivity, speed, complexity,
and suitability for PoC applications (Table 6). Notably, techniques such as SERS and some
reflectometric or interferometric methods achieved the highest sensitivities reported, detecting
DENV nucleic acids down to femtomolar or even lower concentrations [158, 167, 168]. This ultra-
high sensitivity is ideal for early diagnosis when viral loads are minimal. However, this exceptional
performance often comes at the cost of longer analysis times (sometimes exceeding several hours)
and reliance on specialized, bulky, or expensive equipment (e.g., Raman spectrometers or
specialized optical setups), which currently limits their widespread PoC applicability despite their
analytical prowess (Table 6).

In contrast, colorimetric and some SPR-based biosensors offer much faster detection times, with
several assays providing results within 5 to 15 min [81, 85, 91, 139, 142, 145]. This rapidity is a
critical advantage for PoC diagnostics. Nevertheless, this speed is often achieved at the expense of
sensitivity, with LoDs for these faster methods generally falling in the ng/mL range, which may be
less suitable for detecting very low analyte levels (Table 6). While SPR offers the benefit of label-
free, real-time kinetic analysis, its broader PoC deployment is hindered by the need for relatively
complex and expensive equipment. Colorimetric assays [85, 142, 145], on the other hand, stand out
for their simplicity and potential for visual readout, making them strong candidates for low-cost
PoC devices, though quantitative accuracy can be a limitation if relying solely on visual
interpretation.

Fluorescence-based biosensors appear to strike a more balanced profile between sensitivity and
practicality for a range of DENV targets, including nucleic acids and proteins. Many fluorescence
assays achieved LoDs in the pM to fM range for nucleic acids [93, 132, 135] and the pg to ng/mL
range for NS1 protein, with analysis times typically ranging from under 30 min to over an hour
(Table 6). While generally more sensitive than basic colorimetric tests and faster than some SERS
protocols, they often necessitate fluorophores, specific reagents, and detection instrumentation
(fluorometers or microscopes), which adds layers of complexity and cost compared to the simplest
PoC formats. However, the versatility of fluorescent probes and the potential for multiplexing are
advantages. Luminescence-based methods, though less represented in this review, also show
promise with good sensitivity and the ability to use non-invasive samples but can be limited by
factors like enzyme stability or specific reaction condition requirements.

Regarding maturity for PoC applications, colorimetric assays, along with some simpler
fluorescence-based tests, seem closest to practical field deployment due to their inherent simplicity,
lower cost, and reduced need for extensive equipment. The six fastest biosensors identified in this
review, for instance, predominantly utilized AuNPs within SPR or colorimetric frameworks,
highlighting the utility of well-established nanomaterials in rapid detection formats. Conversely,
modalities like SPR and SERS, despite their impressive analytical performance in laboratory
settings, face more substantial hurdles concerning instrument miniaturization, cost reduction, and
overall user-friendliness essential for widespread PoC adoption.

The choice of optical biosensing modality for DENV detection involves careful consideration of
these compromises: achieving ultra-high sensitivity may sacrifice speed and PoC-readiness, while
rapid and simple tests might not offer the lowest LODs. The integration of nanotechnology has
undoubtedly pushed the boundaries of what is achievable for DENV detection across all these
optical platforms. However, continued innovation is needed to develop biosensors that optimally
balance all the desired characteristics for effective, accessible, and rapid diagnostics, particularly
those aligned with the ASSURED (Affordable, Sensitive, Specific, User-friendly, Robust and rapid,
Equipment-free, and Deliverable to end-users) criteria for PoC devices [279].
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5.3 | Barriers, regulatory considerations, and challenges for clinical translation
Despite the promising advancements in nanotechnology-based optical biosensors for DENV
detection detailed in this review, several critical barriers must be overcome before they can be
widely adopted in clinical practice. These barriers collectively explain why few of the reviewed
studies currently present truly PoC-ready solutions despite their laboratory successes.

One of the main challenges in translating nanotechnology-based biosensors from research to clinical
practice is the lack of regulatory approval and standardization [280-284]. It is crucial to note that
this is a broader challenge inherent to the entire field of nanomedicine as it strives for clinical
translation, not solely confined to nanobiosensors [285-287]. Unlike conventional diagnostic tests,
many of these biosensors remain in the experimental phase and have not undergone rigorous
regulatory evaluation by agencies such as the U.S. Food and Drug Administration (FDA) and
European Medicines Agency (EMA). The absence of internationally recognized guidelines for
assessing their clinical efficacy complicates the approval process. Establishing standardized
validation protocols and performance benchmarks is essential to ensure their reliability, sensitivity,
specificity, and comparability with existing diagnostic methods, thereby facilitating their
widespread adoption.

A major limitation of these biosensors is the lack of sufficient clinical validation. While they often
exhibit excellent sensitivity and specificity in controlled laboratory conditions, their performance in
real patient samples remains largely untested. Biological matrices such as blood, serum, and saliva
contain complex interfering substances that can affect with sensor accuracy [288]. This is a key
challenge for PoC devices, which aim for minimal sample preparation. Because many of the
reviewed studies performed limited testing with these real-world samples, their suitability for PoC
use remains unproven. Moreover, the long-term stability of nanomaterials, biorecognition elements,
and overall sensor performance under varied environmental and storage conditions (essential for
PoC deployment, particularly in resource-limited settings) was often not rigorously assessed or
reported in the reviewed studies. To truly confirm their diagnostic utility and ensure they work
reliably for different patients, large-scale clinical trials across multiple centers are essential.
Additionally, compliance with Good Manufacturing Practices is crucial for commercialization, as
most biosensors have only been tested under controlled conditions [280]. Demonstrating their
robustness through rigorous clinical validation is key to facilitating regulatory approval and
widespread adoption.

Manufacturing scalability and reproducibility also pose major challenges in the development of
nanomaterial-based biosensors. Achieving consistent control over the size, shape, and surface
chemistry of nanomaterials is crucial, as small variations in synthesis can significantly impact
sensor performance [280]. Additionally, integrating these materials into biosensor platforms must
ensure long-term stability and batch-to-batch uniformity, both of which are critical for regulatory
approval and large-scale commercialization and, ultimately, the cost-effectiveness required for PoC
devices.

From an economic perspective, cost, accessibility, and integration into existing healthcare systems
are key challenges for the widespread adoption of biosensors [289]. Many advanced optical
biosensors rely on expensive technologies (such as SPR systems, Raman spectroscopy, and
fluorescence-based detection) and specialized materials, making the overall cost of the final PoC
device a barrier if not addressed from the early development stages. The reviewed studies often
lacked detailed cost analysis for potential PoC translation. Additionally, the lack of infrastructure in
low-income regions, where DENV is endemic, further limits their implementation. To address these
issues, future efforts should focus on developing affordable, scalable, and user-friendly biosensors
that require minimal technical expertise while ensuring compatibility with existing diagnostic
workflows, including PoC devices, electronic health record systems, and surveillance programs.
Lastly, beyond regulatory concerns, ethical considerations play a crucial role in the deployment of
nanotechnology-based biosensors [290]. One major issue is informed consent and patient safety.
Since many biosensors are designed for PoC diagnostics [291], ensuring that patients understand
the benefits and limitations of these technologies is critical. Moreover, data privacy concerns must
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be addressed, particularly regarding the secure handling and storage of diagnostic results, which
may be integrated into electronic health record systems [226, 292, 293].

Overcoming these challenges will require interdisciplinary collaboration among researchers,
clinicians, regulatory agencies, and industry partners to bridge the gap between laboratory research
and real-world clinical applications. Ensuring the safe, effective, and equitable use of
nanotechnology-based biosensors in diagnostics will be crucial for their successful implementation.

5.4 | Risk of bias assessment

A critical aspect of this systematic review was assessing the methodological quality of included
studies using the modified CASP checklist. This allowed us to identify key weaknesses and
potential biases within them. The inter-reviewer reliability for the risk of bias assessment was good
(ICC=0.81; 95% CI1 0.72-0.87).

Among the 98 articles assessed, 35 (35.7%) were of high quality, 60 (61.2%) were of moderate
quality, and only 3 (3.1%) were of low quality [95, 106, 114] (Figure 2B and Supplemental File
4). Low-quality studies lacked essential elements for robust clinical application, such as comparison
with a well-established reference standard, testing on real clinical samples, and demonstrating a
measurable impact of the biosensor's effect on patient needs. Notably, one study [95] did not
disclose potential conflicts of interest or commercial funding, raising concerns about possible bias
in its the reported findings.

Regarding signaling questions (Figure 2C and Supplemental File 4), almost all articles clearly and
adequately addressed the study objectives (Q1, 96.9%).

One of the most significant limitations observed was the lack of validation with clinical samples, as
many biosensors were tested only with synthetic samples or spiked solutions rather than real
biological matrices. This limitation directly impacts their demonstrable potential for PoC use.
Performance in idealized laboratory conditions often fails to translate reliably to real-world clinical
settings, where the complexities of diverse patient samples and interfering substances in biological
environments can affect sensitivity and specificity. Notably, among the 30 articles using DENV-
infected clinical samples, only 22 (73.3%) explicitly mentioned adherence to regulatory and ethical
protocols, informed consent, or proper handling of biological samples. This highlights a gap in
reporting critical information (Q3; Figure 2C and Supplemental File 4).

Most studies described the experimental protocol in detail (Q4, 84.7%) and demonstrated the
robustness of their results by evaluating their impact compared to other options (Q5, 89.8%).
However, inconsistencies in experimental design were noted, particularly in the assessment of
biosensor performance. Differences in the methods used to determine sensitivity, specificity, and
LoD made direct comparisons between studies challenging (Figure 2C and Supplemental File 4).
Additionally, many studies did not evaluate the potential limitations or challenges of the biosensor
design in addressing the real needs of patients and the community (Q8, 66.3%; Figure 2C and
Supplemental File 4).

Another critical issue was the potential bias from funding sources and undeclared conflicts of
interest (Q9). A considerable number of studies (n=29; 29.6%) did not disclose funding sources or
commercial affiliations, which could have influenced data interpretation and reporting (Figure 2C
and Supplemental File 4).

Addressing these gaps is crucial for ensuring the reliability and clinical applicability of biosensors
for DENV detection. Future studies should prioritize methodological rigor by conducting validation
with real patient samples, adhering to standardized diagnostic evaluation protocols, and ensuring
transparency in funding disclosures and ethical compliance.

6 | CONCLUSION AND FUTURE OUTLOOK

The recent surge in DENV cases represents a serious global health threat, underscoring the urgent
need for effective control measures. Mosquito control and public health campaigns are vital in
endemic regions, but early DENV diagnosis remains crucial for mitigating outbreaks. Traditional
diagnostic methods, including antibody-based serological tests, cell culture, and PCR, each have
limitations. Serological tests can cross-react with other flaviviruses, leading to misdiagnosis, while
molecular tests are often complex, time-consuming, and require specialized personnel, making them

30



less accessible in resource-limited settings. Thus, there is a pressing need for simple, cost-effective,
and rapid diagnostic tests with high specificity for DENV.

6.1 | Summary of key findings and current status

Nanotechnology has greatly advanced optical biosensors for DENV detection, driven by
innovations in biorecognition elements, transducers, and nanomaterial synthesis. These
nanotechnology-based biosensors promise lower costs, faster detection, improved sensitivity, and
the ability to work with smaller sample sizes. AuNPs and Au-derived nanolayers and nanostripes
are commonly used due to their unique optical properties, enabling high sensitivity and specificity.
They facilitate the detection of various DENV targets, including the E protein, NS1 protein, RNA,
and anti-DENV antibodies. Hybrid nanomaterials, such as those combining AuNPs with graphene,
QDs, or dendrimers, offer enhanced stability and improved Raman signals. These hybrids can
achieve better sensitivity and lower LoD by leveraging the combined properties of their
components. Nevertheless, balancing the cost of developing these hybrid materials with their
performance is crucial.

SPR, colorimetric, and fluorescent assays can achieve excellent LoDs down to the femtomolar
range. SPR is a widely used optical detection method due to its high sensitivity and specificity. SPR
detects minute changes in refractive index, making it effective for precisely identifying small
quantities of DENV. Unlike fluorescence or colorimetric methods, SPR does not require labeling,
which simplifies the process and reduces costs. It also allows real-time monitoring of binding and
dissociation kinetics. However, SPR systems can be expensive and complex, limiting their use in
portable or miniaturized formats. Combining AuNPs with SPR biosensors enhances detection
sensitivity due to the strong localized SPR of AuNPs, which amplifies the SPR signal. The
morphology and size of NPs affect their optical properties, influencing the refractive index and
interactions between NPs.

6.2 | Broader opportunities and challenges in biosensor development

Biosensors, with their versatile applications across biomedicine and food safety [294, 295], offer
significant potential for improving disease diagnostics. Innovations in biosensor technologies focus
on transduction mechanisms, such as optical, electrochemical, piezoelectric, and
microfluidic/paper-based systems. These innovations aim to enhance DENV detection sensitivity
and specificity while minimizing cross-reactivity. Moreover, biosensors provide several advantages
over traditional methods, including the ability to differentiate between primary and secondary
infections, thereby enabling early detection and monitoring of viral load and disease progression.
Their high specificity is crucial for controlling outbreaks, even in vaccinated populations.

Despite their advantages, biosensors face several challenges that must be addressed for widespread
clinical use [288, 296]. A major concern is their durability, as environmental factors like
temperature, humidity, and light can degrade sensor components over time, affecting reliability, a
non-negotiable attribute for PoC devices. Moreover, ensuring the robustness of biological elements,
particularly in fluctuating conditions, is crucial for long-term performance. Reproducibility is
another issue, as variations in fabrication and materials can lead to inconsistent results.
Standardizing manufacturing protocols, calibration methods, and quality control is essential for
reliability. Complex biological matrices such as blood serum, plasma, and saliva can interfere with
biosensor accuracy, posing a challenge for direct sample analysis in PoC settings. Cost and
scalability also present barriers, as production and implementation expenses can limit accessibility,
especially for widespread PoC adoption in DENV-endemic regions. Achieving cost-effective
manufacturing while maintaining performance remains a challenge, especially for large-scale
deployment. Moreover, biosensor integration raises ethical concerns regarding privacy, data
security, and informed consent; thus, balancing technological benefits with individual rights
requires strong ethical frameworks. In summary, addressing these limitations is essential for
advancing biosensor technology and ensuring its practical application in real-world settings.

6.3 | Future directions in nanotechnology-enabled optical biosensors
Emerging diagnostic tools include engineered proteins, signaling aptamers, peptide arrays, and
molecularly imprinted polymers. Advances in DNA nanotechnology [44, 297, 298], multiplex DNA
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microarrays [299], clustered regularly interspaced short palindromic repeat (CRISPR)-based assays
[300, 301], and lab-on-a-chip microfluidic platforms [302, 303] also show promise (Figure 3).
Crucially, lab-on-a-chip microfluidic platforms continue to advance, offering miniaturization,
sample processing automation, and reduced reagent consumption, which are all essential for
developing effective PoC testing [304-307]. The integration of such microdevices with portable
optical readers or smartphone-based interfaces further enhances their PoC applicability by enabling
quantitative analysis, user-friendly operation, and data connectivity for real-time surveillance and
even potential for self-testing scenarios [308-313]. These developments aim to improve diagnostic
sensitivity and accessibility, particularly in resource-limited settings where rapid and accurate
DENYV detection is paramount.

6.3.1 | Innovations in nanomaterials and green synthesis

Green synthesis methods for nanomaterials have emerged as a promising approach to improve the
sustainability of biosensor production while maintaining high efficiency in detection (Figure 3)
[314-316].
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Figure 3. Advances and prospects in nanotechnology-based optical biosensors for DENV
detection. Abbreviations: AgNC = silver nanocluster; AgNP = silver nanoparticle; Al = artificial
intelligence; AuNP = gold nanoparticle; AUNR = gold nanorod; AUNW = gold nanowire; CRISPR
= clustered regularly interspaced short palindromic repeats; DENV = dengue virus; DNA =
deoxyribonucleic acid; GO = graphene; GOx = graphene oxide; 10T = Internet of Things; ML =
machine learning; MMS = magnetic microsphere; MS = microsphere; NS = nanosphere; PAMAM
= polyamidoamine; PNA = peptide nucleic acid; PoC = point of care; QD = quantum dot; rGOx =
reduced graphene oxide; SPION = superparamagnetic iron oxide nanoparticle

These methods utilize biological resources such as plant extracts, microorganisms, and biopolymers
as reducing and stabilizing agents, eliminating the need for hazardous chemicals. For instance, plant
extracts rich in phenolic compounds, such as those from neem (Azadirachta indica) and turmeric
(Curcuma longa), have been successfully used to synthesize AuNPs and AgNPs with enhanced
stability and biocompatibility [317, 318]. Similarly, microbial-assisted synthesis using bacteria
(Bacillus subtilis) and fungi (Fusarium oxysporum) has demonstrated the potential to produce
nanomaterials with controlled size and shape, which is crucial for biosensor optimization [319,
320]. Additionally, natural polymers like chitosan and alginate serve as eco-friendly stabilizing
agents, ensuring NP functionality while reducing cytotoxicity [321, 322]. These green synthesis
approaches offer multiple advantages, including lower production costs, reduced environmental
impact, and improved biocompatibility. Moreover, minimizing the use of toxic solvents and energy-
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intensive processes aligns with global efforts to develop sustainable nanotechnologies [323, 324].
However, challenges remain, such as a limited understanding of the interaction between green-
synthesized nanomaterials and biorecognition molecules, the potential need for larger sample
volumes with some methods, and ensuring the long-term sustainability and stability of the
nanostructures themselves [314-316]. Future research should focus on integrating these green-
synthesized nanomaterials into biosensing platforms to enhance their real-world applicability and
facilitate regulatory approval.

6.3.2 | The road ahead for PoC diagnostics

Optical biosensors offer great potential for rapid PoC DENV diagnosis, especially in resource-
constrained settings. PoC testing is evolving with new technologies in materials, design, and
detection, making diagnostics more accessible and personalized [325]. However, as highlighted by
the studies included in this review, challenges remain in transforming laboratory advances into
dependable PoC devices. Beyond external challenges such as unreliable power supplies, disruptions
in the cold chain, and high transportation costs, many of the reviewed biosensor designs themselves
do not yet adequately address the stringent requirements for PoC use, such as long-term stability,
ease of use by non-specialized personnel, affordability, and resilience to complex sample matrices
without extensive preparation. Currently, PoC methods like lateral flow tests (e.g., Bio-Rad NS1 Ag
Strip, PanBio-IlgM/IgG, SD Dengue Duo) are available [326], but there is ongoing research to
improve their analytical performance and sensitivity. Au and AgNPs, as discussed in this review,
are key to enhancing PoC tests. Their unique, tunable optical properties enable sensitive detection
methods such as colorimetry, SERS, and enhanced fluorescence, often used in microfluidic PoC
devices [179]. Future research should focus on developing next-generation PoC devices that meet
the ASSURED criteria [279]. Many of the promising technologies identified in this review require
further development to meet these comprehensive criteria, particularly in terms of robustness, cost,
and equipment-free operation, before their PoC potential can be fully realized. Moreover, future
research should focus on identifying specific epitopes to reduce cross-reactivity and on developing
rapid multiplex tests to detect all four DENV serotypes.

6.3.3 | Integrating intelligent systems

Computational analysis, artificial intelligence (Al), and machine learning (ML) offer exciting
prospects for advancing biosensor technology (Figure 3) [327-331]. Al and ML are transforming
healthcare by enhancing diagnostic accuracy, patient monitoring, and medical research [332-334].
In DENV detection, Al and ML have been applied to vector population modeling, outbreak
prediction, and transmission analysis [335-339], but their potential extends to clinical diagnostics
[340]. For instance, Al-driven automation of blood smear analysis facilitates rapid patient
identification [341], and ML algorithms can distinguish DENV from Chikungunya virus early in
presentation [342].

Crucially for nanotechnology-enabled optical biosensors, Al can refine complex signal processing
(e.g., from SPR or SERS outputs), optimize sensor performance, and reduce false
positives/negatives by integrating biosensor data with clinical and epidemiological information
[289, 343]. This real-time Al-assisted approach can improve DENV diagnostic accuracy in diverse
settings [91, 344].

The Internet of Medical Things (IloMT) is playing a growing role in healthcare automation [345,
346]. loMT enables real-time data collection from connected diagnostic devices, remote
monitoring, and rapid dissemination of results, as demonstrated by loMT-enabled PCR systems for
DENV [347, 348]. The integration of advanced nanomaterials with 1oMT platforms holds promise
for developing highly sensitive, scalable, and cost-effective real-time DENV diagnostics [346]. The
use of Al with data from wearable sensors monitoring physiological parameters also shows
potential for DENV risk stratification and improved patient care, complementing biosensor data
[349]. Additionally, Al, including deep neural networks, is being used to authenticate unique tags
created with plasmonic NPs, a concept that could potentially be adapted for secure and verifiable
diagnostic test results [350].
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In summary, integrating Al, ML, and IoMT with nanotechnology-based optical biosensors is poised
to deliver highly sensitive, real-time, and cost-effective DENV diagnostics. Future research should
focus on developing scalable, Al-integrated optical biosensors, particularly for resource-limited
settings, to bridge the gap between laboratory innovations and real-world clinical applications.

7 | STRENGTHS AND LIMITATIONS OF THIS

SYSTEMATIC REVIEW

7.1 Strengths

Our study followed a rigorous, standardized, pre-defined protocol to ensure consistency and
minimize bias throughout the review process. We searched multiple international biomedical
databases from 2010 to June 1, 2025, using relevant Medical Subject Headings (MeSH) terms and
synonyms with no language restrictions. Citation chaining maximized study retrieval. Two
independent researchers performed article selection, data extraction, and quality assessment.
Disagreements were resolved through discussion or by a third reviewer, ensuring a rigorous review
process. This methodology provides an updated understanding of nanotechnology-based optical
biosensors for DENV detection, offering valuable insights and highlighting their potential and
growing interest through an optimized study database.

7.2 | Limitations

Despite following PRISMA guidelines and employing standardized critical appraisal, several
limitations prevent definitive conclusions. First, relevant studies might have been missed despite
our comprehensive search strategy. Second, the included studies exhibited variable quality, scoring
moderate-to-high on the CASP checklist but often lacking transparency regarding conflicts of
interest and funding. Third, heterogeneity in study design, methods, and results, as well as the
limited number of studies using human samples, restricts generalizability to clinical settings.
Fourth, microfluidics-based technologies were excluded to focus on nanotechnology-based optical
biosensors, thereby narrowing the scope. Lastly, we did not address the challenges of implementing
these biosensors in clinical practice due to data limitations on implementation costs, intervention
descriptions, and long-term outcomes.
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Abbreviations

Ag = silver

Al = artificial intelligence

AgNP = silver nanoparticle

AI&ML = artificial intelligence and machine learning
AIN = aluminum nitride

aM = attomolar

ASSURED = affordable, sensitive, specific, user-friendly, robust and rapid, equipment-free, and
deliverable to end-users

Au = gold

AUNP = gold nanoparticle

BaTiOs = barium titanate

BRET = bioluminescence resonance energy transfer
C = Dengue virus capsid protein

CASP = critical appraisal skills program

cDNA = complementary DNA

CdS = cadmium sulfide

CdSeS = cadmium selenide sulfide

CdSeTe = cadmium selenide telluride

CdZnSeS = cadmium zinc selenium sulfide
CRISPR= clustered regularly interspaced short palindromic repeat
DENV = Dengue virus

DHF = dengue hemorrhagic fever

DNA = deoxyribonucleic acid

DSS = Dengue shock syndrome

E = Dengue virus envelope protein

ELISA = enzyme-linked immunosorbent assay
EMA = European Medicines Agency

FDA = U.S. Food and Drug Administration
Y-Fe>03 = maghemite nanoparticle

Fe304 = magnetite nanoparticle

FLISA = fluorescence-linked immunosorbent assay
FRET = Forster resonance energy transfer

GOx = graphene oxide

ICC = intraclass correlation coefficient

IgG = immunoglobulin G

IgM = immunoglobulin M

IOMT = Internet of Medical Things

K = Cohen's Kappa coefficient

LoD = limit of detection

M = Dengue virus membrane protein

MesH = Medical Subject Headings

ML = machine learning

NH2 = amine

NP = nanopatrticle

NS = non-structural Dengue virus protein

OSF = Open Science Framework

PAMAM = polyamidoamine

PICO = problem, intervention, comparison, outcome
PNA = peptide nucleic acid

PoC = poin-of-care

PRISMA = preferred reporting items for systematic review and meta-analysis
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QD = quantum dot

rGOx = reduced graphene oxide

RNA = ribonucleic acid

RT-PCR = reverse transcription polymerase chain reaction
scFV = single-chain fragment variable antibody
SERS = surface-enhanced Raman scattering
SPR = surface plasmon resonance

sSDNA = single-stranded DNA

TiSi2 = titanium disilicide

TOF = tapered optical fiber

WNV = West Nile virus

WS: = tungsten disulfide

YFV = Yellow fever virus

ZIKV = Zika virus

zM = zeptomolar

ZnO = zinc oxide

ZnS = zinc sulfide
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Supplemental file 1

Table S1. Key advantages and limitations of conventional diagnostic methods for DENV infection

Diagnostic test

Advantages

Disadvantages

Virus isolation

- High specificity and reliability
- Enables molecular characterization

- Wide sample range (serum, plasma, cells, tissues,

whole blood, mosquitoes)

Labor-intensive and requires well-equipped
labs and trained personnel

Long incubation time (7-12 days)

Cannot distinguish primary vs. secondary
infections

Low sensitivity with low virus titers

- Easy to perform, fast results (1 day)

Lower sensitivity in late or secondary
infections

NS1 antigen - Early dlagq03|s (9-18 days. a_lf_ter illness) - Limited availability of specific rapid tests
- Cost-effective (ELISA facilities) - L
- Cross-reactivity with other flaviviruses
- Requires well-equipped labs and trained
- High accuracy (1-7 days of illness) personnel
- ldentifies serotype and differentiates similar - Risk of false positives/negatives
NAAT viruses (contamination, improper handling or storage)
- Wide sample range (serum, plasma, cerebrospinal - Cannot distinguish primary vs. secondary
fluid, tissues, whole blood) infections
- Expensive
- Labor-intensive and time-consuming
- Most reliable for neutralizing antibodies - Not suitable for high-throughput screening
PRNT s C . o
- ldentifies asymptomatic infections - Cross-reactivity with other serotypes and
flaviviruses
- Not suitable for late-stage infection
- Simple and rapid - Cross-reactivity with other serotypes and
HAI L . . . -
- Distinguishes primary vs. secondary infections flaviviruses
- Requires two samples and pretreatment
Qom_plement - Detects antibodies linked to protective immunity Tlme—_consumlng, requires specific reagents
fixation - Not widely used
- Easy to perform, fast results (30 min rapid tests)
laM antibod - Early diagnosis - Risk of false positives/negatives (low IgM in
g y - Cost-effective (ELISA) secondary infections, prior infections)
test . . ; .
- Wide sample range (serum, plasma, cerebrospinal - Cannot differentiate serotypes
fluid, whole blood, saliva, filter paper blood)
- Basy to_perfor_m . . - Risk of false negatives (low/undetectable 1gG
- Early diagnosis (past or current infection) . - .
. . in secondary infections)
IgG antibody - Cost-effective (ELISA) - .
L - . . - Not for early diagnosis
test - Distinguishes primary vs. secondary infections

- Wide sample range (serum, plasma, whole blood,

filter paper blood)

- Cross-reactivity with other flaviviruses
- Requires two samples

Abbreviations: DENV = dengue virus; ELISA = enzyme-linked immunosorbent assay; HAI =
hemagglutination inhibition assay; Ig = immunoglobulin; NAAT = nucleic acid amplification test;
NS1 = non-structural protein 1; PRNT = plaque reduction and neutralization test
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Supplemental file 2: PRISMA 2020 Checklist

Location
Sect_lon A L Checklist item \_Nherg
Topic # item is
reported
TITLE
Title | 1 | Identify the report as a systematic review. 1
ABSTRACT
Abstract | 2 | See the PRISMA 2020 for Abstracts checklist. 3
INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of existing knowledge. 4-6
Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. 7
METHODS
(I:Erliltgsjalrti);“ty 5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. 7-8
Information 6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. 7
sources Specify the date when each source was last searched or consulted.
Search strategy | 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. |7:’i I§u3ppl.
Selection Specify the methods used to decide whether a study met the inclusion_criteria of the revieyv, incl_uding how_many reviewgrs
orocess 8 screened each record and each report retrieved, whether they worked independently, and if applicable, details of automation tools | 9
used in the process.
Data collection Specify the methods used to collect data from reports, including_ hoyv many reviewers cpllectqd data from_each report, whether
orocess 9 they Worked mdepende_ntly, any processes for obtaining or confirming data from study investigators, and if applicable, details of | 9
automation tools used in the process.
List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome
10a | domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which 7,9
Data items results to collect.
10b List ar_1d define all othgr variables for which d@tg were sought (_e.g. participant and intervention characteristics, funding sources). 79
Describe any assumptions made about any missing or unclear information. ’
Study risk of 11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers 9-10
bias assessment assessed each study and whether they worked independently, and if applicable, details of automation tools used in the process.
Effect measures | 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. NA
Synthesis 13 Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention
a - . X . 9,11-30
methods characteristics and comparing against the planned groups for each synthesis (item #5)).
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Location

Section and Checklist item where

Topic item is
reported

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, NA
or data conversions.
13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses. NA
13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, NA
describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
136 Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta- NA
regression).
13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. NA
;igg;ﬂql%tb'as 14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). NA
gggg;mgn t 15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. NA
RESULTS
Describe the results of the search and selection process, from the number of records identified in the search to the number of
. 16a S . U ) A 10
Study selection studies included in the review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. 10
Study . . . . 11-30,
characteristics 17 Cite each included study and present its characteristics. Tables 1-4
. . 35and
th:Jscli(igsf bias in 18 Present assessments of risk of bias for each included study. Suppl. File
4
Results of ) L . .
oo For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and
individual 19 . o . Lo . . Tables 1-5
studies its precision (e.g. confidence/credible interval), ideally using structured tables or plots.
20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. NA
Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its
Results of 20b | precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction | NA
syntheses of the effect.
20c | Present results of all investigations of possible causes of heterogeneity among study results. NA
20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. NA
bRizgzgtmg 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. NA
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Section and

Topic

Iltem
#

Checklist item

Location
where
item is
reported

g\zg::]rgg of 22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. NA
DISCUSSION

23a | Provide a general interpretation of the results in the context of other evidence. 30-41

. . 23b | Discuss any limitations of the evidence included in the review. 33-34, 41

Discussion - —— -

23c | Discuss any limitations of the review processes used. 41

23d | Discuss implications of the results for practice, policy, and future research. 33, 36-41
OTHER INFORMATION

243 Provide registration information for the review, including register name and registration number, or state that the review was not 7
Registration and registered.
protocol 24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared. 7

24c | Describe and explain any amendments to information provided at registration or in the protocol. 7
Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. 45
_Competlng 26 Declare any competing interests of review authors. 45
interests
Availability of . . . . ) . ]
data. code and 97 Report which of th_e following are publicly available an(_j where they can be four_ld. templ'flte data cgllectlon forms; data extracted 7 45
othe,r materials from included studies; data used for all analyses; analytic code; any other materials used in the review. ’
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Supplemental file 3: Search strategy

Search strateqy PubMed

("dengue”[MeSH Terms] OR “arbovirus”[Title/Abstract] OR “break bone fever”[Title/Abstract]
OR “break-bone fever”[Title/Abstract] OR “dengue”[Title/Abstract] OR “DENV”[Title/Abstract]
OR  “flavivirus”[Title/Abstract]) AND  ("diagnosis"[MeSH  Terms] @ OR  “bedside
testing”’[ Title/Abstract] OR  “detection”[Title/Abstract] OR diagnose*[Title/Abstract] OR
“diagnosis”[ Title/Abstract] OR “diagnostic”’[Title/Abstract] OR “identification”[Title/Abstract] OR
infer*[Title/Abstract] OR “near-patient testing”[Title/Abstract] OR “PoC”[Title/Abstract] OR
“POCT”[Title/Abstract] OR “point-0f-care”[Title/Abstract] OR “recognition”[Title/Abstract] OR
“screening”’[ Title/Abstract] OR “target”[Title/Abstract] OR “testing”’[Title/Abstract]) AND
(“analytical device”’[Title/Abstract] OR “aptasensor’’[Title/Abstract] OR “biochip”[Title/Abstract]
OR “biosensor’’[ Title/Abstract] OR “chip”[Title/Abstract] OR device*|Title/Abstract] OR “dipstick
immunoassay”’[Title/Abstract] OR “disk”[Title/Abstract] OR “ELISA”[Title/Abstract] OR
“enzyme linked immunosorbent assay”[Title/Abstract] OR “enzyme-linked immunosorbent
assay”’[Title/Abstract]  OR “ELONA™[Title/Abstract] OR “enzyme linked oligonucleotide
assay”’[Title/Abstract] OR “enzyme-linked oligonucleotide assay”[Title/Abstract] OR  “fiber-
optic”[Title/Abstract] OR “film”[Title/ Abstract] OR “hand held raman
spectrometer”[ Title/Abstract] OR “immunoassay’’[ Title/Abstract] OR
“immunosensing”’[Title/Abstract] OR  “immunosensor”[Title/Abstractf OR “lab on a
chip”’[Title/Abstract] OR “lab on compact disc”[Title/Abstract] OR “lab on a disc”[Title/Abstract]
OR “lab-on-a-chip”[Title/Abstract] OR “lab-on-chip”[Title/Abstract] OR “lab-on-compact-
disc”’[Title/Abstract] OR “lab-on-paper”|[Title/Abstract] OR “lateral flow”[Title/Abstract] OR
“LFA”[Title/Abstract] OR  “LFIA”[Title/Abstract] OR  “method”[Title/Abstract] OR
microarray*[ Title/Abstract] OR “microchip”[Title/Abstract] OR “paper-based”’[ Title/Abstract] OR
“microPADs”[Title/Abstract] OR “micro-PADs”[Title/Abstract] OR “muPADs”[Title/Abstract]
OR “toner-based”’[ Title/Abstract] OR “microTADs”[Title/Abstract] OR “micro-
TADs”[Title/Abstract] OR “muTADs”[Title/Abstract] OR “microfluidic”’[Title/Abstract] OR
“nanochip”[Title/Abstract] OR “paper”|[Title/Abstract] OR “portable”[Title/Abstract] OR
“probe”[Title/Abstract] OR “proteinchip”[Title/Abstract] OR “sandwich”[Title/Abstract] OR
“screen-printed carbon electrode”[Title/Abstract] OR “screen-printed electrode”[Title/Abstract] OR
“sensing”’[Title/Abstract] OR  “sensor’[Title/Abstract] OR  “SERS”[Title/Abstract] OR
“SPCE”[Title/Abstract] OR “SPE”[Title/Abstract] OR “strip”’[Title/Abstract] OR “surface-
enhanced Raman spectroscopy”’[Title/Abstract] OR  “Whatman”[Title/Abstract]) AND
(“absorbance”’[Title/Abstract] OR “acoustic”’[Title/Abstract] OR “AFM”[Title/Abstract] OR
“analytical”’[Title/Abstract] OR “amperometric”[Title/Abstract] OR “amperometry”[Title/Abstract]
OR “atomic force microscopy”[Title/Abstract] OR “bioluminescence”[Title/Abstract] OR

“bioluminescent”[ Title/Abstract] OR “chemiluminescence”’[ Title/ Abstract] OR
“chemiresistive”[ Title/Abstract] OR “chemiresistor”[ Title/Abstract] OR
“chronoamperometry”[ Title/Abstract] OR “conductometric”’[ Title/Abstract] OR
“conductometry”’[ Title/Abstract] OR “crystalloluminescence”’[ Title/ Abstract] OR
“colorimetric”[Title/Abstract] OR “colorimetry”’[ Title/Abstract] OR “cyclic

voltammetry”’[Title/Abstract] OR  “differential pulse voltammetry”[Title/Abstract] OR
“DLS”[Title/Abstract] OR “DPV”[Title/Abstract] OR “dynamic light scattering”[Title/Abstract]
OR “EDX”[Title/Abstract] OR “EIS”[Title/Abstract] OR ‘“electrochemical impedance
spectroscopy”’[ Title/Abstract] OR “electrochemical”[Title/Abstract] OR “electrode”|[Title/Abstract]
OR “electroluminescence”[ Title/Abstract] OR “electronic”’[ Title/Abstract] OR
“electrospinning”[ Title/Abstract] OR “electrospun”[Title/Abstract] OR “energy dispersive X-
ray”’[Title/Abstract] OR “fluorescence”[Title/Abstract] OR “fluorescent”[Title/Abstract] OR
“Fourier transform infrared spectroscopy”’[Title/Abstract] OR “Fourier-transform infrared
spectroscopy”’[ Title/Abstract] OR “FTIR”[Title/Abstract] OR “gravimetric”’[Title/Abstract] OR
“immunofluorescence”[ Title/Abstract] OR “impedance”[Title/Abstract] OR
“impedimetric”[Title/Abstract] OR “impedometric”’[Title/Abstract] OR “infrared reflection-
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adsorption  spectroscopy”’[Title/Abstract] OR  “IRRAS”[Title/Abstract] = OR  “lateral
flow”[Title/Abstract] OR “LSPR”[Title/Abstract] OR “luminescence”[Title/Abstract] OR
“luminescent”’[ Title/Abstract] OR “magnetic”’[Title/Abstract] OR “magnetoelastic”[ Title/Abstract]
OR “mechanoluminescence”[ Title/Abstract] OR microarray*[ Title/Abstract] OR
“microballoon”[ Title/Abstract] OR “microbead”’[ Title/Abstract] OR “molecular
dynamic”[Title/Abstract] OR  “optic”’[Title/Abstract] OR  “optical”[Title/Abstract] OR
“PAD”[Title/Abstract] OR “paper analytical”’[Title/Abstract] OR “piezoelectric”’[Title/Abstract
JOR  “phosphorescence”[Title/Abstract] OR  “photoluminescence”[Title/Abstract]  OR
“potentiometric”[ Title/Abstract] OR “potentiometry”[Title/Abstract] OR “QCM”[Title/Abstract]
OR “quartz crystal microbalance”[Title/Abstract] OR “resonance energy transfer”[Title/Abstract]
OR  “RET”[Title/Abstractf] OR  “scanning electron microscopy”[Title/Abstract] OR
“SEM”[Title/Abstract] OR “SERS”[Title/Abstract] OR “spectrophotometry”[Title/Abstract] OR
“SPR”[Title/Abstract] OR “square wave voltammetry”’[Title/Abstract] OR “surface plasmon
resonance”’[Title/Abstract] OR “surface-enhanced Raman spectroscopy”[Title/Abstract] OR
“SWV”[Title/Abstract] OR  “TEM”[Title/Abstract] OR  “thermal”[Title/Abstract] OR
“thermoluminescence”’[ Title/Abstract] OR “transducer”[Title/Abstract] OR “transmission electron
microscopy’’[ Title/Abstract] OR “voltammetric”[Title/Abstract] OR
“voltammetry”’[Title/Abstract]OR “XPS”[Title/Abstract] OR “X-ray diffraction”[Title/Abstract]
OR “X-ray photoelectron spectroscopy”’[Title/Abstract] OR “XRD”[Title/Abstract]) AND
("nanomedicine”[MeSH Terms] OR "nanotechnology”[MeSH Terms] OR AgNP*[Title/Abstract]
OR AgNR*[Title/Abstract] OR “aptamer*”’[Title/Abstract] OR AuNP*|Title/Abstract] OR
AuNR*[Title/Abstract] OR  “biochip”[Title/Abstract] OR  “chip”[Title/Abstract] OR
“CRISPR”[Title/Abstract] OR “dendrimer*”[Title/Abstract] OR device*|Title/Abstract] OR
“gold”[Title/Abstract] OR “graphene”[Title/Abstract] OR microarray*[Title/Abstract] OR

“microfluidic”’[ Title/Abstract] OR “microsphere*”’[ Title/Abstract] OR
“microsystem*”[Title/Abstract] OR “nanobead*”’[Title/Abstract] OR “nanochip”[Title/Abstract]
OR “nanocluster®”’[ Title/Abstract] OR “nanodiamond*”’[Title/Abstract] OR
“nanocomposite*”’[ Title/Abstract] OR “nanofiber*”[Title/Abstract] OR
“nanomaterial*”’[ Title/Abstract] OR “nanoparticle*”[ Title/Abstract] OR

“nanoprobe*”’[ Title/Abstract] OR “nanorod*”’[Title/Abstract] OR “nanosheet™*”[Title/Abstract] OR
“nanosphere®”’[Title/Abstract] OR “nanostar*”[Title/Abstract] OR “nanostructure®”’[ Title/Abstract]
OR ‘“nanotag*”[Title/Abstract] OR “nanotube*”’[Title/Abstract] OR ‘“nanowire™*”[Title/Abstract]
OR “peptide”’[Title/Abstract] OR “polymer”[Title/Abstract] OR “quantum dot”[Title/Abstract] OR
“quantum dots”[Title/Abstract] OR “QD”[Title/Abstract] OR “QDs”[Title/Abstract] OR
“silver”’[Title/Abstract] OR “smartphone”[Title/Abstract] OR “strip”[Title/Abstract]) NOT
("review"[Publication Type]) NOT ("meta-analysis"[Publication Type]) NOT ("systematic
review"[Publication Type])
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Search strateqgy Embase

#1 ‘dengue’/exp OR ‘arbovirus':ti,ab,kw OR 'break bone fever'ti,ab,kw OR 'dengue’:ti,ab,kw
OR 'denv':ti,ab,kw OR 'flavivirus'ti,ab,kw

#2 ‘diagnosis'’/exp OR 'bedside testing'ti,ab,kw OR 'detection':ti,ab,kw OR ‘diagnose’:ti,ab,kw
OR 'diagnosis':ti,ab,kw OR 'diagnostic':ti,ab,kw OR 'identification':ti,ab,kw OR ‘infer*"ti,ab,kw OR
‘near-patient testing':ti,ab,kw OR 'poc':ti,ab,kw OR 'poct"ti,ab,kw OR 'point-of-care':ti,ab,kw OR
‘recognition’:ti,ab,kw OR 'screening':ti,ab,kw OR 'target'ti,ab,kw OR 'testing':ti,ab,kw

#3 ‘analytical  device"ti,ab,kw OR ‘aptasensorti,abkw OR ‘biochipti,abkw OR
'biosensor':ti,ab,kw OR 'chip"ti,ab,kw OR 'device*"ti,ab,kw OR 'dipstick immunoassay':ti,ab,kw
OR 'disk"ti,ab,kw OR ‘elisa"ti,ab,kw OR ‘enzyme linked immunosorbent assay'ti,ab,kw OR
‘enzyme-linked immunosorbent assay'ti,ab,kw OR ‘elona:ti,ab,kw OR ‘enzyme linked
oligonucleotide assay'ti,ab,kw OR ‘enzyme-linked oligonucleotide assay'ti,ab,kw OR ‘fiber-
optic:ti,ab,kw OR ‘filmtiab,kw OR ‘hand held raman spectrometerti,ab,kw OR
‘immunoassay':ti,ab,kw OR 'lab on a chip':ti,ab,kw OR 'lab on compact disc":ti,ab,kw OR 'lab on a
disc"ti,ab,kw OR ’'lab-on-a-chipti,abkw OR ‘lab-on-chipti,abkw OR 'lab-on-compact-
disc":ti,ab,kw OR 'lab-on-paper'ti,abkw OR ‘'lateral flow"ti,ab,kw OR 'lfa"ti,ab,kw OR
Ifia":ti,ab,kw OR 'method"ti,ab,kw OR 'microarray*"ti,ab,kw OR 'microchip'ti,ab,kw OR 'paper-
based":ti,ab,kw OR 'micropads"ti,ab,kw OR 'micro-pads"ti,ab,kw OR 'mupads"ti,ab,kw OR ‘toner-
based"ti,ab,kw OR ‘microtads"ti,ab,kw OR 'micro-tadsti,ab,kw OR ‘mutads"ti,abkw OR
'microfluidic”ti,ab,kw OR ‘'nanochip”ti,ab,kw OR ‘paper"ti,ab,kw OR ‘portable’ti,ab,kw OR
‘probe’:ti,ab,kw OR 'proteinchip”ti,ab,kw OR ‘'sandwich'ti,ab,kw OR ‘screen-printed carbon
electrode’:ti,ab,kw OR 'screen-printed electrode':ti,ab,kw OR 'sensing':ti,ab,kw OR 'sensor":ti,ab,kw
OR 'sers"ti,ab,kw OR 'spce"ti,ab,kw OR 'spe':ti,ab,kw OR 'stripti,ab,kw OR 'surface-enhanced
raman spectroscopy':ti,ab,kw OR ‘whatman':ti,ab,kw

#4 ‘absorbance”ti,ab,kw OR 'acoustic':ti,ab,kw OR ‘afm'ti,ab,kw OR ‘analyticalti,ab,kw OR
‘amperometric':ti,ab,kw OR ‘'amperometry'ti,ab,kw OR ‘'atomic force microscopy'ti,ab,kw OR
‘bioluminescence':ti,ab,kw OR ‘bioluminescent':ti,ab,kw OR ‘chemiluminescence’ti,ab,kw OR
‘chemiresistive"ti,abkw OR 'chemiresistor'ti,abkw OR 'chronoamperometry"ti,ab,kw OR
‘conductometric’:ti,ab,kw OR ‘conductometry"ti,ab,kw OR ‘crystalloluminescence':ti,ab,kw OR
‘colorimetric':ti,ab,kw OR ‘colorimetry':ti,ab,kw OR 'cyclic voltammetry"ti,ab,kw OR ‘differential
pulse voltammetry"tiabkw OR ‘'dls"tiabkw OR ‘dpvtiabkw OR ‘dynamic light
scattering”ti,abkw OR ‘'edx'ti,abkw OR ‘eis"tiab,kw OR ‘electrochemical impedance
spectroscopy':ti,ab,kw OR ‘electrochemical':ti,ab,kw OR ‘electrode’:ti,ab,kw OR
‘electroluminescence’:tiab,kw OR ‘electronic:tiab,kw OR ‘electrospinning"ti,abkw OR
‘electrospun’:tiab,kw OR ‘energy dispersive x-ray"ti,ab,kw OR ‘fluorescence'ti,ab,kw OR
‘fluorescent':ti,ab,kw OR ‘fourier transform infrared spectroscopy':ti,ab,kw OR ‘fourier-transform
infrared  spectroscopy'ti,ab,kw  OR  ‘ftirtiabkw  OR  ‘gravimetric:tiabkw  OR
‘immunofluorescence”ti,abkw OR 'impedanceti,abkw OR ‘impedimetricti,ab,kw OR
‘impedometric':ti,ab,kw OR 'infrared reflection-adsorption spectroscopy':ti,ab,kw OR 'irras"ti,ab,kw
OR 'lateral flow"ti,ab,kw OR 'lspr'ti,ab,kw OR 'luminescence'ti,ab,kw OR 'luminescent’ti,ab,kw
OR 'magnetic"ti,ab,kw OR 'magnetoelastic':ti,ab,kw OR 'mechanoluminescence"ti,ab,kw OR
'microarray*":ti,ab,kw OR 'microballoon"ti,ab,kw OR 'microbeadti,ab,kw OR 'molecular
dynamic':ti,ab,kw OR ‘optic':ti,ab,kw OR ‘opticalti,ab,kw OR ‘pad"ti,abkw OR ‘paper
analyticalti,abkw  OR  'piezoelectric":tiab,kw  OR  'phosphorescenceti,ab,kw  OR
‘photoluminescence”:ti,abkw OR 'potentiometric:ti,ab,kw OR ‘potentiometry':ti,ab,kw OR
‘qgcm’:ti,ab,kw OR 'quartz crystal microbalance':ti,ab,kw OR 'resonance energy transfer':ti,ab,kw OR
'ret":ti,ab,kw OR 'scanning electron microscopy':ti,ab,kw OR 'sem':ti,ab,kw OR 'sers'"ti,ab,kw OR
‘spectrophotometry':ti,ab,kw OR 'spr"ti,ab,kw OR 'square wave voltammetry':ti,ab,kw OR 'surface
plasmon resonance':ti,ab,kw OR 'surface-enhanced raman spectroscopy':ti,ab,kw OR 'swv'ti,ab,kw
OR 'tem"ti,ab,kw OR 'thermal’ti,ab,kw OR ‘thermoluminescence’:ti,ab,kw OR ‘transducer:ti,ab,kw
OR  'transmission  electron  microscopy'ti,abkw  OR  'voltammetric'ti,abkw  OR
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'voltammetry':ti,ab,kw OR 'xps':ti,ab,kw OR 'x-ray diffraction':ti,ab,kw OR 'x-ray photoelectron
spectroscopy':ti,ab,kw OR "xrd":ti,ab,kw

#5 'nanomedicine'/exp OR 'nanotechnology'/exp OR ‘agnp*':ti,ab,kw OR ‘agnr*'ti,ab,kw OR
‘aptamer*":ti,ab,kw OR "aunp*':ti,ab,kw OR ‘"aunr*':ti,ab,kw OR 'biochip"ti,ab,kw OR 'chipti,ab,kw
OR ‘crispr:tiab,kw OR ‘dendrimer*"ti,ab,kw OR ‘'device*"ti,abkw OR ‘'gold"ti,ab,kw OR
‘graphene’:ti,ab,kw OR 'microarray*":ti,ab,kw OR 'microfluidic’:ti,ab,kw OR 'microsphere*":ti,ab,kw
OR  'microsystem*"ti,abkw  OR  'nanobead*"ti,ab,kw  OR  'nanochipti,abkw  OR
'nanocluster*":ti,ab,kw  OR  ‘'nanodiamond*"ti,ab,kw OR  'nanocomposite*"ti,ab,kw OR
'nanofiber*":ti,ab,kw OR 'nanomaterial*":ti,ab,kw OR 'nanoparticle*":ti,ab,kw OR
'nanoprobe*':ti,ab,kw OR 'nanorod*"ti,ab,kw OR 'nanosheet*':ti,ab,kw OR 'nanosphere*"ti,ab,kw
OR  'nanostar*:ti,ab,kw  OR  ‘nanostructure*'ti,ab,kw OR  'nanotag*'ti,abkw OR
'nanotube*':ti,ab,kw OR ‘nanowire*"ti,ab,kw OR ‘peptide"ti,ab,kw OR ‘polymer"ti,ab,kw OR
‘quantum dot":ti,abkw OR ‘'quantum dots"ti,ab,kw OR 'QD"ti,ab,kw OR 'QDs"ti,abkw OR
‘'silver':ti,ab,kw OR 'smartphone':ti,ab,kw OR 'strip"ti,ab,kw

#6 #1 AND #2 AND #3 AND #4 AND #5

#7 #6 AND (‘Article'/it OR 'Article in Press/it)
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Search strategy Web of Knowledge (WoS)

#L:(((((((((((TS=(dengue)) OR TIl=(arbovirus)) OR Tl=(break bone fever)) OR TI=(break-bone
fever)) OR TI=(dengue)) OR TI=(DENV)) OR TI=(flavivirus)) OR AB=(arbovirus)) OR
AB=(break bone fever)) OR AB=(break-bone fever)) OR AB=(dengue)) OR AB=(DENV)) OR
AB=(flavivirus)

#2: ((CCCoeeeeeeeemrs=(diagnosis)) OR TI=(bedside testing)) OR TI=(detection)) OR
Tl=(diagnose)) OR TI=(diagnosis)) OR TI=(diagnostic)) OR TI=(identification)) OR TI=(infer))
OR TI=(near-patient testing)) OR TI=(PoC)) OR TI=(POCT)) OR TI=(point-of-care)) OR
TlI=(recognition)) OR TI=(screening)) OR TI=(target)) OR Tl=(testing) OR AB=(bedside testing))
OR AB=(detection)) OR AB=(diagnose)) OR AB=(diagnosis)) OR AB=(diagnostic)) OR
AB=(identification)) OR AB=(infer)) OR AB=(near-patient testing)) OR AB=(PoC)) OR
AB=(POCT)) OR AB=(point-of-care)) OR AB=(recognition)) OR AB=(screening)) OR
AB=(target)) OR AB=(testing)

#3: @@
(CCceeeeeccceeeeccccceeeeccccceeeeeccccceeeeccccccecm=(anatytical device)) OR Tl=(aptasensor)) OR
Tl=(biochip)) OR TI=(biosensor)) OR TI=(chip)) OR TI=(device)) OR TI=(dipstick
immunoassay)) OR TI=(disk)) OR TI=(ELISA)) OR TI=(enzyme linked immunosorbent assay))
OR TI=(enzyme-linked immunosorbent assay)) OR TI=(ELONA)) OR TI=(enzyme linked
oligonucleotide assay)) OR Tl=(enzyme-linked oligonucleotide assay)) OR TI=(fiber-optic)) OR
TI=(film)) OR Tl=(hand held raman spectrometer)) OR TI=(immunoassay)) OR
TI=(immunosensing)) OR TI=(immunosensor)) OR TI=(lab on a chip)) OR TI=(lab on compact
disc)) OR TI=(lab-on-a-chip)) OR TI=(lab-on-chip)) OR TI=(lab-on-compact-disc)) OR TI=(lab on
a disc))OR TI=(lab-on-paper)) OR TI=(lateral flow)) OR TI=(LFA)) OR TI=(LFIA)) OR
TI=(method)) OR TI=(microarray)) OR TI=(microchip)) OR TI=(paper-based)) OR
TI=(microPADs)) OR TI=(micro-PADs)) OR TI=(muPADs)) OR TI=(toner-based)) OR
TI=(microTADs)) OR TI=(micro-TADs)) OR TI=(muTADs)) OR TI=(microfluidic)) OR
TlI=(nanochip)) OR TI=(paper)) OR TI=(portable)) OR TI=(probe)) OR TI=(proteinchip)) OR
TlI=(sandwich)) OR TI=(screen-printed carbon electrode)) OR TI=(screen-printed electrode)) OR
TI=(sensing)) OR TI=(sensor)) OR TI=(SERS)) OR TI=(SPCE)) OR TI=(SPE)) OR TI=(strip)) OR
TI=(surface-enhanced Raman spectroscopy)) OR TI=(Whatman) OR AB=(analytical device)) OR
AB=(aptasensor)) OR AB=(biochip)) OR AB=(biosensor)) OR AB=(chip)) OR AB=(device)) OR
AB=(dipstick immunoassay)) OR AB=(disk)) OR AB=(ELISA)) OR AB=(enzyme linked
immunosorbent assay)) OR AB=(enzyme-linked immunosorbent assay)) OR AB=(ELONA)) OR
AB=(enzyme linked oligonucleotide assay)) OR AB=(enzyme-linked oligonucleotide assay)) OR
AB=(fiber-optic)) OR AB=(film)) OR AB=(hand held raman spectrometer)) OR
AB=(immunoassay)) OR AB=(immunosensing)) OR AB=(immunosensor)) OR AB=(lab on a
chip)) OR AB=(lab on compact disc)) OR AB=(lab-on-a-chip)) OR AB=(lab-on-chip)) OR
AB=(lab-on-compact-disc)) OR AB=(lab on a disc)) OR AB=(lab-on-paper)) OR AB=(lateral
flow)) OR AB=(LFA)) OR AB=(LFIA)) OR AB=(method)) OR AB=(microarray)) OR
AB=(microchip)) OR AB=(paper-based)) OR AB=(microPADs)) OR AB=(micro-PADs)) OR
AB=(muPADs)) OR AB-=(toner-based)) OR AB=(microTADs)) OR AB=(micro-TADs)) OR
AB=(muTADs)) OR AB=(microfluidic)) OR AB=(nanochip)) OR AB=(paper)) OR AB=(portable))
OR AB=(probe)) OR AB=(proteinchip)) OR AB=(sandwich)) OR AB=(screen-printed carbon
electrode)) OR AB=(screen-printed electrode)) OR AB=(sensing)) OR AB=(sensor)) OR
AB=(SERS)) OR AB=(SPCE)) OR AB=(SPE)) OR AB=(strip)) OR AB=(surface-enhanced Raman
spectroscopy)) OR AB=(Whatman)

#4:

CCCCCCCceecccecceeeccceeccceeccceecceeeecCeeccceecCroecee e

(CCCCCCeeeeeeeccccccceeeeeececccccccceeeeeeeccccccccecTi=(absorbance)) OR Tl=(acoustic)) OR TI=(AFM))
OR TI=(analytical)) OR TI=(amperometric)) OR TI=(amperometry)) OR TI=(atomic force

microscopy)) OR TI=(bioluminescence)) OR TI=(bioluminescent)) OR Tl=(chemiluminescence))
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OR  TI=(chemiresistive)) OR  Tl=(chemiresistor)) OR TI=(chronoamperometry)) OR
TI=(conductometric)) OR  TI=(conductometry)) OR  TI=(crystalloluminescence)) OR
TlI=(colorimetric)) OR TI=(colorimetry)) OR Tl=(cyclic voltammetry)) OR TI=(differential pulse
voltammetry)) OR TI=(DLS)) OR TI=(DPV)) OR TI=(dynamic light scattering)) OR TI=(EDX))
OR TI=(EIS)) OR TI=(electrochemical impedance spectroscopy)) OR TI=(electrochemical)) OR
Tl=(electrode)) OR Tl=(electroluminescence)) OR TI=(electronic)) OR TI=(electrospinning)) OR
Tl=(electrospun)) OR TI=(energy dispersive X-ray)) OR TI=(fluorescence)) OR TI=(fluorescent))
OR TI=(Fourier transform infrared spectroscopy)) OR TI=(Fourier-transform infrared
spectroscopy)) OR TI=(FTIR)) OR TI=(gravimetric)) OR TI=(immunofluorescence)) OR
TI=(impedance)) OR TI=(impedimetric)) OR TI=(impedometric)) OR TI=(infrared reflection-
adsorption spectroscopy)) OR TI=(IRRAS)) OR TI=(lateral flow)) OR TI=(LSPR)) OR
TI=(luminescence)) OR TI=(luminescent)) OR TI=(magnetic)) OR TI=(magnetoelastic)) OR
TI=(mechanoluminescence)) OR TI=(microarray)) OR TI=(microballoon)) OR TI=(microbead))
OR TI=(molecular dynamic)) OR TI=(optic)) OR TI=(optical)) OR TI=(PAD)) OR TI=(paper
analytical)) OR Tl=(piezoelectric)) OR TI=(phosphorescence)) OR Tl=(photoluminescence)) OR
TI=(potentiometric)) OR TI=(potentiometry)) OR TI=(QCM)) OR TI=(quartz crystal
microbalance)) OR TI=(resonance energy transfer)) OR TI=(RET)) OR TI=(scanning electron
microscopy)) OR TI=(SEM)) OR TI=(SERS)) OR TI=(spectrophotometry)) OR TI=(SPR)) OR
TI=(square wave voltammetry)) OR TI=(surface plasmon resonance)) OR TI=(surface-enhanced
Raman  spectroscopy)) OR TI=(SWV)) OR TI=(TEM)) OR TI=(thermal)) OR
TI=(thermoluminescence)) OR TI=(transducer)) OR TI=(transmission electron microscopy)) OR
Tl=(voltammetric)) OR TI=(voltammetry)) OR TI=(XPS)) OR TI=(X-ray diffraction)) OR TI=(X-
ray photoelectron spectroscopy)) OR TI=(XRD) OR AB=(absorbance)) OR AB=(acoustic)) OR
AB=(AFM)) OR AB=(analytical)) OR AB=(amperometric)) OR AB=(amperometry)) OR
AB=(atomic force microscopy)) OR AB=(bioluminescence)) OR AB=(bioluminescent)) OR
AB=(chemiluminescence)) = OR  AB=(chemiresistive))  OR  AB=(chemiresistor)) OR
AB=(chronoamperometry)) OR  AB=(conductometric)) OR AB=(conductometry)) OR
AB=(crystalloluminescence)) OR AB=(colorimetric)) OR AB=(colorimetry)) OR AB=(cyclic
voltammetry)) OR AB=(differential pulse voltammetry)) OR AB=(DLS)) OR AB=(DPV)) OR
AB=(dynamic light scattering)) OR AB=(EDX)) OR AB=(EIS)) OR AB=(electrochemical
impedance  spectroscopy)) OR  AB=(electrochemical)) OR  AB=(electrode)) OR
AB=(electroluminescence)) @ OR  AB=(electronic)) = OR  AB=(electrospinning)) OR
AB=(electrospun)) OR AB=(energy dispersive X-ray)) OR AB=(fluorescence)) OR
AB=(fluorescent)) OR AB=(Fourier transform infrared spectroscopy)) OR AB=(Fourier-transform
infrared spectroscopy)) OR AB=(FTIR)) OR AB=(gravimetric)) OR AB=(immunofluorescence))
OR AB=(impedance)) OR AB=(impedimetric)) OR AB=(impedometric)) OR AB=(infrared
reflection-adsorption spectroscopy)) OR AB=(IRRAS)) OR AB=(lateral flow)) OR AB=(LSPR))
OR AB=(luminescence)) OR AB=(luminescent)) OR AB=(magnetic)) OR AB=(magnetoelastic))
OR AB=(mechanoluminescence)) OR AB=(microarray)) OR AB=(microballoon)) OR
AB=(microbead)) OR AB=(molecular dynamic)) OR AB=(optic)) OR AB=(optical)) OR
AB=(PAD)) OR AB=(paper analytical)) OR AB=(piezoelectric)) OR AB=(phosphorescence)) OR
AB=(photoluminescence)) OR AB=(potentiometric)) OR AB=(potentiometry)) OR AB=(QCM))
OR AB=(quartz crystal microbalance)) OR AB=(resonance energy transfer)) OR AB=(RET)) OR
AB=(scanning  electron  microscopy)) @OR AB=(SEM))  OR AB=(SERS)) OR
AB=(spectrophotometry)) OR AB=(SPR)) OR AB=(square wave voltammetry)) OR AB=(surface
plasmon resonance)) OR AB=(surface-enhanced Raman spectroscopy)) OR AB=(SWV)) OR
AB=(TEM)) OR AB=(thermal)) OR AB=(thermoluminescence)) OR AB=(transducer)) OR
AB=(transmission electron microscopy)) OR AB=(voltammetric)) OR AB=(voltammetry)) OR
AB=(XPS)) OR AB=(X-ray diffraction)) OR AB=(X-ray photoelectron spectroscopy)) OR
AB=(XRD)
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#5: ((CCCeeeeeeeeaeeeeacecccceccccccccccccccccccccceeeeec (rs=(nanomedicine)) - OR
TS=(nanotechnology)) OR TI=(AgNP)) OR TI=(AgNR)) OR TI=(aptamer)) OR TI=(AuNP)) OR

TI=(AuNR)) OR TI=(biochip)) OR TI=(chip)) OR TI=(CRISPR)) OR TI=(dendrimer)) OR
TI=(device)) OR TI=(gold)) OR TI=(graphene)) OR TI=(microarray)) OR TI=(microfluidic)) OR
TI=(microsphere)) OR TI=(microsystem)) OR TI=(nanobead)) OR TI=(nanochip)) OR
TlI=(nanocluster)) OR TI=(nanodiamond)) OR TI=(nanocomposite)) OR TI=(nanoprobe)) OR
Tl=(nanorod)) OR TI=(nanosheet)) OR TI=(nanosphere)) OR TI=(nanostar)) OR
TI=(nanostructure)) OR TI=(nanotag)) OR TI=(nanotube)) OR TI=(nanowire)) OR TI=(peptide))
OR TI=(polymer)) OR TI=(quantum dot)) OR TI=(quantum dots)) OR TI=(QD)) OR TI=(QDs))
OR TI=(silver)) OR TI=(smartphone)) OR TI=(strip) OR AB=(AgNP)) OR AB=(AgNR)) OR
AB=(aptamer)) OR AB=(AuNP)) OR AB=(AuNR)) OR AB=(biochip)) OR AB=(chip)) OR
AB=(CRISPR)) OR AB=(dendrimer)) OR AB=(device)) OR AB=(gold)) OR AB=(graphene)) OR
AB=(microarray)) OR AB=(microfluidic)) OR AB=(microsphere)) OR AB=(microsystem)) OR
AB=(nanobead)) OR AB=(nanochip)) OR AB=(nanocluster)) OR AB=(nanodiamond)) OR
AB=(nanocomposite)) OR AB=(nanoprobe)) OR AB=(hanorod)) OR AB=(nanosheet)) OR
AB=(nanosphere)) OR AB=(nanostar)) OR AB=(nanostructure)) OR AB=(nanotag)) OR
AB=(nanotube)) OR AB=(nanowire)) OR AB=(peptide)) OR AB=(polymer)) OR AB=(quantum
dot)) OR AB=(quantum dots)) OR AB=(QD)) OR AB=(QDs)) OR AB=(silver)) OR
AB=(smartphone)) OR AB=(strip)

#6: #5 AND #4 AND #3 AND #2 AND #1

#7: #5 AND #4 AND #3 AND #2 AND #1 and Review Article or Proceeding Paper or Book
Chapters or Meeting Abstract or Editorial Material or Correction (Exclude — Document Types)
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Search strategy SCOPUS

( TITLE-ABS-KEY ( {arbovirus} ) OR TITLE-ABS-KEY ( "break bone fever") OR TITLE-ABS-
KEY ( {dengue} ) OR TITLE-ABS-KEY ( {DENV} ) OR TITLE-ABS-KEY ( {flavivirus} ) )
AND ( TITLE-ABS-KEY ( {bedside testing} ) OR TITLE-ABS-KEY ( {detection} ) OR TITLE-
ABS-KEY ( {diagnose*} ) OR TITLE-ABS-KEY ( {diagnosis} ) OR TITLE-ABS-KEY (
{diagnostic} ) OR TITLE-ABS-KEY ( {identification} ) OR TITLE-ABS-KEY ( {infer*} ) OR
TITLE-ABS-KEY ( "near-patient testing” ) OR TITLE-ABS-KEY ({PoC} ) OR TITLE-ABS-KEY
({POCT} ) OR TITLE-ABS-KEY ( "point-of-care™ ) OR TITLE-ABS-KEY ( {recognition} ) OR
TITLE-ABS-KEY ( {screening} ) OR TITLE-ABS-KEY ( "target" ) OR TITLE-ABS-KEY (
{testing} ) ) AND ( TITLE-ABS-KEY ( {analytical device} ) OR TITLE-ABS-KEY ( {aptasensor}
) OR TITLE-ABS-KEY ( {biochip} ) OR TITLE-ABS-KEY ( {biosensor} ) OR TITLE-ABS-KEY
( {chip} ) OR TITLE-ABS-KEY ( {device*} ) OR TITLE-ABS-KEY ( {dipstick immunoassay} )
OR TITLE-ABS-KEY ( {disk} ) OR TITLE-ABS-KEY ( {ELISA} ) OR TITLE-ABS-KEY (
"enzyme-linked immunosorbent assay” ) OR TITLE-ABS-KEY ( {ELONA} ) OR TITLE-ABS-
KEY ( "enzyme-linked oligonucleotide assay” ) OR TITLE-ABS-KEY ( {fiber-optic} ) OR TITLE-
ABS-KEY ( {film} ) OR TITLE-ABS-KEY ( {hand held raman spectrometer} ) OR TITLE-ABS-
KEY ( {immunoassay} ) OR TITLE-ABS-KEY ( {immunosensing} ) OR TITLE-ABS-KEY (
{immunosensor} ) OR TITLE-ABS-KEY ( "lab-on-a-chip” ) OR TITLE-ABS-KEY ( "lab-on-a-
disc" ) OR TITLE-ABS-KEY ( "lab-on-compact-disc” ) OR TITLE-ABS-KEY ( "lab-on-paper™ )
OR TITLE-ABS-KEY ( {lateral flow} ) OR TITLE-ABS-KEY ( {LFA} ) OR TITLE-ABS-KEY (
{LFIA}) OR TITLE-ABS-KEY ( {method} ) OR TITLE-ABS-KEY ( {microarray*} ) OR TITLE-
ABS-KEY ( {microchip} ) OR TITLE-ABS-KEY ( {paper-based} ) OR TITLE-ABS-KEY (
"micro-PAD" ) OR TITLE-ABS-KEY ( "mu-PAD" ) OR TITLE-ABS-KEY ( {toner-based} ) OR
TITLE-ABS-KEY ( "micro-TAD" ) OR TITLE-ABS-KEY ( "mu-TAD" ) OR TITLE-ABS-KEY (
{microfluidic} ) OR TITLE-ABS-KEY ( {nanochip} ) OR TITLE-ABS-KEY ( {paper} ) OR
TITLE-ABS-KEY ( {portable} ) OR TITLE-ABS-KEY ( {probe} ) OR TITLE-ABS-KEY (
{proteinchip} ) OR TITLE-ABS-KEY ( {sandwich} ) OR TITLE-ABS-KEY ( "screen-printed
carbon electrode" ) OR TITLE-ABS-KEY ( "screen-printed electrode” ) OR TITLE-ABS-KEY (
{sensing} ) OR TITLE-ABS-KEY ( {sensor} ) OR TITLE-ABS-KEY ( {SERS} ) OR TITLE-
ABS-KEY ( {SPCE} ) OR TITLE-ABS-KEY ( {SPE} ) OR TITLE-ABS-KEY ( {strip} ) OR
TITLE-ABS-KEY ( "surface-enhanced Raman spectroscopy” ) OR TITLE-ABS-KEY (
{Whatman} ) ) AND ( TITLE-ABS-KEY ( {absorbance} ) OR TITLE-ABS-KEY ( {acoustic} )
OR TITLE-ABS-KEY ( {AFM} ) OR TITLE-ABS-KEY ( {analytical} ) OR TITLE-ABS-KEY (
{amperometric} ) OR TITLE-ABS-KEY ( {amperometry} ) OR TITLE-ABS-KEY ( {atomic force
microscopy} ) OR TITLE-ABS-KEY ( {bioluminescence} ) OR TITLE-ABS-KEY (
{bioluminescent} ) OR TITLE-ABS-KEY ( {chemiluminescence} ) OR TITLE-ABS-KEY (
{chemiresistive} ) OR TITLE-ABS-KEY ( {chemiresistor} ) OR TITLE-ABS-KEY (
{chronoamperometry} ) OR TITLE-ABS-KEY ( {conductometric} ) OR TITLE-ABS-KEY (
{conductometry} ) OR TITLE-ABS-KEY ( {crystalloluminiscence} ) OR TITLE-ABS-KEY (
{colorimetric} ) OR TITLE-ABS-KEY ( {colorimetry} ) OR TITLE-ABS-KEY ( {cyclic
voltammetry} ) OR TITLE-ABS-KEY ( "differential pulse voltammetry” ) OR TITLE-ABS-KEY (
{DLS} ) OR TITLE-ABS-KEY ( {DPV} ) OR TITLE-ABS-KEY ( "dynamic light scattering" ) OR
TITLE-ABS-KEY ( {EDX} ) OR TITLE-ABS-KEY ( {EIS} ) OR TITLE-ABS-KEY (
{electrochemical impedance spectroscopy} ) OR TITLE-ABS-KEY ( {electrochemical} ) OR
TITLE-ABS-KEY ( {electrode} ) OR TITLE-ABS-KEY ( {electroluminescence} ) OR TITLE-
ABS-KEY ( {electronic} ) OR TITLE-ABS-KEY ( {electrospinning} ) OR TITLE-ABS-KEY (
{electrospun} ) OR TITLE-ABS-KEY ( "energy dispersive X-ray" ) OR TITLE-ABS-KEY (
{fluorescence} ) OR TITLE-ABS-KEY ( {fluorescent} ) OR TITLE-ABS-KEY ( "Fourier-
transform infrared spectroscopy” ) OR TITLE-ABS-KEY ( {FTIR} ) OR TITLE-ABS-KEY (
{gravimetric} ) OR TITLE-ABS-KEY ( {immunofluorescence} ) OR TITLE-ABS-KEY (
{impedance} ) OR TITLE-ABS-KEY ( {impedimetric} ) OR TITLE-ABS-KEY ( {impedometric}
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) OR TITLE-ABS-KEY ( "infrared reflection-adsorption spectroscopy” ) OR TITLE-ABS-KEY (
{IRRAS} ) OR TITLE-ABS-KEY ( {lateral flow} ) OR TITLE-ABS-KEY ( {LSPR}) OR TITLE-
ABS-KEY ( {luminescence} ) OR TITLE-ABS-KEY ( {luminescent} ) OR TITLE-ABS-KEY (
{magnetic} ) OR TITLE-ABS-KEY ( {magnetoelastic} ) OR TITLE-ABS-KEY (
{mechanoluminescence} ) OR TITLE-ABS-KEY ( {microarray*} ) OR TITLE-ABS-KEY (
{microballoon} ) OR TITLE-ABS-KEY ( {microbead} ) OR TITLE-ABS-KEY ( {molecular
dynamic} ) OR TITLE-ABS-KEY ( {optic} ) OR TITLE-ABS-KEY ( {optical} ) OR TITLE-ABS-
KEY ( {PAD} ) OR TITLE-ABS-KEY ( {paper analytical} ) OR TITLE-ABS-KEY (
{piezoelectric} ) OR TITLE-ABS-KEY ( {phosphorescence} ) OR TITLE-ABS-KEY (
{photoluminescence} ) OR TITLE-ABS-KEY ( {potentiometric} ) OR TITLE-ABS-KEY (
{potentiometry} ) OR TITLE-ABS-KEY ( {QCM} ) OR TITLE-ABS-KEY ( "quartz crystal
microbalance” ) OR TITLE-ABS-KEY ( {resonance energy transfer} ) OR TITLE-ABS-KEY (
{RET}) OR TITLE-ABS-KEY ( "scanning electron microscopy” ) OR TITLE-ABS-KEY ( {SEM}
) OR TITLE-ABS-KEY ( {SERS} ) OR TITLE-ABS-KEY ( {spectrophotometry} ) OR TITLE-
ABS-KEY ( {SPR} ) OR TITLE-ABS-KEY ( "square wave voltammetry” ) OR TITLE-ABS-KEY
( "surface plasmon resonance” ) OR TITLE-ABS-KEY ( "surface-enhanced Raman spectroscopy" )
OR TITLE-ABS-KEY ( {SWV} ) OR TITLE-ABS-KEY ( {TEM} ) OR TITLE-ABS-KEY (
{thermal} ) OR TITLE-ABS-KEY ( {thermoluminescence} ) OR TITLE-ABS-KEY ( {transducer}
) OR TITLE-ABS-KEY ( "transmission electron microscopy” ) OR TITLE-ABS-KEY (
{voltammetric} ) OR TITLE-ABS-KEY ( {voltammetry} ) OR TITLE-ABS-KEY ( {XPS} ) OR
TITLE-ABS-KEY ( "X-ray diffraction” ) OR TITLE-ABS-KEY ( "X-ray photoelectron
spectroscopy” ) OR TITLE-ABS-KEY ( {XRD} ) ) AND ( TITLE-ABS-KEY ( {AgNP*} ) OR
TITLE-ABS-KEY ( {AgNR*} ) OR TITLE-ABS-KEY ( {aptamer*} ) OR TITLE-ABS-KEY (
{AuNP*} ) OR TITLE-ABS-KEY ( {AuNR*} ) OR TITLE-ABS-KEY ( {biochip} ) OR TITLE-
ABS-KEY ( {chip} ) OR TITLE-ABS-KEY ( {CRISPR} ) OR TITLE-ABS-KEY ( {dendrimer*})
OR TITLE-ABS-KEY ( {device*} ) OR TITLE-ABS-KEY ( {gold} ) OR TITLE-ABS-KEY (
{graphene} ) OR TITLE-ABS-KEY ( {microarray*} ) OR TITLE-ABS-KEY ( {microfluidic} ) OR
TITLE-ABS-KEY ( {microsphere*} ) OR TITLE-ABS-KEY ( {microsystem*} ) OR TITLE-ABS-
KEY ( {nanobead*} ) OR TITLE-ABS-KEY ( {nanochip} ) OR TITLE-ABS-KEY (
{nanocluster*} ) OR TITLE-ABS-KEY ( {nanodiamond*} ) OR TITLE-ABS-KEY (
{nanocomposite*} ) OR TITLE-ABS-KEY ( {nanofiber*} ) OR TITLE-ABS-KEY (
{nanomaterial*} ) OR TITLE-ABS-KEY ( {nanoparticle*} ) OR TITLE-ABS-KEY (
{nanoprobe*} ) OR TITLE-ABS-KEY ( {nanorod*} ) OR TITLE-ABS-KEY ( {nanosheet*} ) OR
TITLE-ABS-KEY ( {nanosphere*} ) OR TITLE-ABS-KEY ( {nanostar*} ) OR TITLE-ABS-KEY
( {nanostructure*} ) OR TITLE-ABS-KEY ( {nanotag*} ) OR TITLE-ABS-KEY (
{nanotechnology} ) OR TITLE-ABS-KEY ( {nanotube*} ) OR TITLE-ABS-KEY ( {nanowire*} )
OR TITLE-ABS-KEY ( {peptide} ) OR TITLE-ABS-KEY ( {polymer} ) OR TITLE-ABS-KEY (
{quantum dot} ) OR TITLE-ABS-KEY ( {quantum dots} ) OR TITLE-ABS-KEY ( {QD} ) OR
TITLE-ABS-KEY ( {QDs} ) OR TITLE-ABS-KEY ( {silver} ) OR TITLE-ABS-KEY (
{smartphone} ) OR TITLE-ABS-KEY ( {strip} ) ) AND ( EXCLUDE ( DOCTYPE , "re" ) OR
EXCLUDE ( DOCTYPE , "cp" ) OR EXCLUDE ( DOCTYPE , "ch" ) OR EXCLUDE (
DOCTYPE, "sh") OR EXCLUDE ( DOCTYPE, "cr") OR EXCLUDE ( DOCTYPE, "er"))
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Search strategy Cochrane

#1 MeSH descriptor: [Dengue] explode all trees
#2 ("arbovirus"):ti,ab,kw

#3 ("break bone fever"):ti,ab,kw

#4 ("dengue"):ti,ab,kw

#5 ("DENV"):ti,ab,kw

#6 ("flavivirus™):ti,ab,kw

#7 #1 or #2 or #3 or #4 or #5 or #6

#8 MeSH descriptor: [Diagnosis] explode all trees
#9 ("bedside testing™):ti,ab,kw

#10  ("detection™):ti,ab,kw

#11  ("diagnose™):ti,ab,kw

#12  (“diagnosis"):ti,ab,kw

#13  (“"diagnostic™):ti,ab,kw

#14  ("identification™):ti,ab,kw

#15  ("infer™):ti,ab,kw

#16  ("near-patient testing™):ti,ab,kw

#17  ("PoC"):ti,ab,kw

#18  ("POCT"):ti,ab,kw

#19  ("point-of-care”):ti,ab,kw

#20  (“"recognition™):ti,ab,kw

#21  (“"screening"):ti,ab,kw

#22  ("target™):ti,ab,kw

#23  (“testing"):ti,ab,kw

#24  #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or
#21 or #22 or #23

#25  ("analytical device™):ti,ab,kw

#26  ("aptasensor"):ti,ab,kw

#27  ("biochip™):ti,ab,kw

#28  ("biosensor™):ti,ab,kw

#29  ("chip™):ti,ab,kw

#30  ("device"):ti,ab,kw

#31  (“dipstick™):ti,ab,kw

#32  ("disk"):ti,ab,kw

#33  ("ELISA"):ti,ab,kw

#34  ("enzyme linked immunosorbent assay"):ti,ab,kw
#35 ("ELONA™"):ti,ab,kw

#36  ("enzyme linked oligonucleotide assay"):ti,ab,kw
#37  (“fiber-optic™):ti,ab,kw

#38  ("film"):ti,ab,kw

#39  ("hand held raman spectrometer™):ti,ab,kw
#40  ("immunoassay"):ti,ab,kw

#41  ("immunosensing"):ti,ab,kw

#42  ("immunosensor"):ti,ab,kw

#43  ("lab on a chip"):ti,ab,kw

#44  ("lab on compact disc"):ti,ab,kw

#45  ("lab on a disc"):ti,ab,kw

#46  (“lab-on-chip™):ti,ab,kw

#47  ("lab-on-paper”):ti,ab,kw

#48  ("lateral flow"):ti,ab,kw

#49  ("LFA"):ti,ab,kw
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#50
#51
#52
#53
#54
#55
#56
#57
#58
#59
#60
#61
#62
#63
#64
#65
#66
#67
#68
#69
#70
#71
#72
#73
#74
#75
#76

#66 or #67 or #68 or #69 or #70 or #71 or #72 or #73 or #74 or #75

#H17
#78
#79
#80
#81
#82
#83
#84
#85
#86
#87
#88
#89
#90
#91
#92
#93
#94
#95
#96
#97

("LFIA™):ti,ab,kw
("method"):ti,ab,kw
("microarray"):ti,ab,kw
("microchip™):ti,ab,kw
("paper-based"):ti,ab,kw
("microPADs"):ti,ab,kw
("muPADs"):ti,ab,kw
("toner-based"):ti,ab,kw
("microTADs"):ti,ab,kw
("muTADs"):ti,ab,kw
("microfluidic™):ti,ab,kw
("nanochip™):ti,ab,kw
("paper"):ti,ab,kw
("portable™):ti,ab,kw
("probe™):ti,ab,kw
("proteinchip™):ti,ab,kw
("sandwich"):ti,ab,kw
(""screen-printed carbon electrode™):ti,ab,kw
("sensing™):ti,ab,kw
("sensor"):ti,ab,kw
("SERS"):ti,ab,kw
("SPCE"):ti,ab,kw
("SPE™):ti,ab,kw
("strip™):ti,ab,kw
("surface-enhanced Raman spectroscopy"):ti,ab,kw
("Whatman"):ti,ab,kw

#25 or #26 or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 or
#38 or #39 or #40 or #41 or #42 or #43 or #44 or #45 or #46 or #47 or #48 or #49 or #50 or #51 or
#52 or #53 or #54 or #55 or #56 or #57 or #58 or #59 or #60 or #61 or #62 or #63 or #64 or #65 or

("absorbance"):ti,ab,kw
("acoustic™):ti,ab,kw
("AFM™):ti,ab,kw
("analytical™):ti,ab,kw
("amperometric™):ti,ab,kw
("amperometry™):ti,ab,kw
("atomic force microscopy"):ti,ab,kw
("bioluminescence"):ti,ab,kw
("bioluminescent™):ti,ab,kw
("chemiluminescence™):ti,ab,kw
("chemiresistive"):ti,ab,kw
("chemiresistor™):ti,ab,kw
("chronoamperometry"):ti,ab,kw
("conductometric™):ti,ab,kw
("conductometry"):ti,ab,kw
("crystalloluminescence™):ti,ab,kw
("colorimetric™):ti,ab,kw
("colorimetry™):ti,ab,kw

("cyclic voltammetry"):ti,ab,kw
("differential pulse voltammetry"):ti,ab,kw
("DLS"):ti,ab,kw
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#98

#99

#100
#101
#102
#103
#104
#105
#106
#107
#108
#109
#110
#111
#112
#113
#114
#115
#116
#117
#118
#119
#120
#121
#122
#123
#124
#125
#126
#127
#128
#129
#130
#131
#132
#133
#134
#135
#136
#137
#138
#139
#140
#141
#142
#143
#144
#145
#146
#147
#148

("DPV"):ti,ab,kw

("dynamic light scattering™):ti,ab,kw
("EDX"):ti,ab,kw

("electrochemical impedance spectroscopy"):ti,ab,kw
("electrochemical™):ti,ab,kw
("electrode™):ti,ab,kw
("electroluminescence™):ti,ab,kw
("electronic™):ti,ab,kw
("electrospinning"):ti,ab,kw
("electrospun™):ti,ab,kw

("energy dispersive X-ray"):ti,ab,kw
"fluorescence™
("fluorescent™):ti,ab,kw

("Fourier transform infrared spectroscopy"):ti,ab,kw
("FTIR™):ti,ab,kw
("gravimetric"):ti,ab,kw
("immunofluorescence™):ti,ab,kw
("impedance"):ti,ab,kw
("impedimetric™):ti,ab,kw
("impedometric”):ti,ab,kw

("infrared reflection-adsorption spectroscopy"):ti,ab,kw
("IRRAS"):ti,ab,kw

("lateral flow"):ti,ab,kw
("LSPR™):ti,ab,kw
("luminescence"):ti,ab,kw
("luminescent™):ti,ab,kw
("magnetic™):ti,ab,kw
("magnetoelastic"):ti,ab,kw
("mechanoluminescence™):ti,ab,kw
("microarray"):ti,ab,kw
("microballoon™):ti,ab,kw
("microbead"):ti,ab,kw

("molecular dynamic"):ti,ab,kw
("optic™):ti,ab,kw

("PAD™):ti,ab,kw

("paper analytical™):ti,ab,kw
("piezoelectric™):ti,ab,kw
("phosphorescence™):ti,ab,kw
("photoluminescence"):ti,ab,kw
("potentiometric™):ti,ab,kw
("potentiometry"):ti,ab,kw
("QCM™):ti,ab,kw

("quartz crystal microbalance™):ti,ab,kw
("resonance energy transfer"):ti,ab,kw
("RET"):ti,ab,kw

("scanning electron microscopy"):ti,ab,kw
("SEM"):ti,ab,kw

("SERS™):ti,ab,kw
("spectrophotometry™):ti,ab,kw
("SPR"):ti,ab,kw

("square wave voltammetry"):ti,ab,kw
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#149
#150
#151
#152
#153
#154
#155
#156
#157
#158
#159
#160
#161
#162
#163

("surface plasmon resonance™):ti,ab,kw
("SWV"):ti,ab,kw

("surface-enhanced Raman spectroscopy"):ti,ab,kw
("TEM™):ti,ab,kw

("thermal™):ti,ab,kw
("thermoluminescence"):ti,ab,kw
("transducer"):ti,ab,kw

("transmission electron microscopy"):ti,ab,kw
("voltammetric™):ti,ab,kw
("voltammetry™):ti,ab,kw

("XPS"):ti,ab,kw

("X-ray diffraction™):ti,ab,kw

("X-ray photoelectron spectroscopy™):ti,ab,kw
("XRD"):ti,ab,kw

#7'7 or #78 or #79 or #80 or #81 or #82 or #83 or #84 or #85 or #86 or #87 or #88 or #89 or

#90 or #91 or #92 or #93 or #94 or #95 or #96 or #97 or #98 or #99 or #100 or #101 or #102 or
#103 or #104 or #105 or #106 or #107 or #108 or #109 or #110 or #111 or #112 or #113 or #114 or
#115 or #116 or #117 or #118 or #119 or #120 or #121 or #122 or #123 or #124 or #125 or #126 or
#127 or #128 or #129 or #130 or #131 or #132 or #133 or #134 or #135 or #136 or #137 or #138 or
#139 or #140 or #141 or #142 or #143 or #144 or #145 or #146 or #147 or #148 or #149 or #150 or
#151 or #152 or #153 or #154 or #155 or #156 or #157 or #158 or #159 or #160 or #161 or #162

#164
#165
#166
#167
#168
#169
#170
#171
#172
#173
#174
#175
#176
#177
#178
#179
#180
#181
#182
#183
#184
#185
#186
#187
#188
#189
#190
#191
#192
#193

MeSH descriptor: [Nanomedicine] explode all trees
MeSH descriptor: [Nanotechnology] explode all trees
("AgNP"):ti,ab,kw
("AgNR"):ti,ab,kw
("aptamer"):ti,ab,kw
("AuNP"™):ti,ab,kw
("AuNR"):ti,ab,kw
("biochip™):ti,ab,kw
("chip™):ti,ab,kw
("CRISPR"):ti,ab,kw
("dendrimer™):ti,ab,kw
("device"):ti,ab,kw
("gold"):ti,ab,kw
("graphene™):ti,ab,kw
("microarray"):ti,ab,kw
("microfluidic™):ti,ab,kw
("microsphere™):ti,ab,kw
("microsystem™):ti,ab,kw
("nanobead"):ti,ab,kw
("nanochip™):ti,ab,kw
("nanocluster"):ti,ab,kw
("nanodiamond"):ti,ab,kw
("nanocomposite™):ti,ab,kw
("nanofiber™):ti,ab,kw
("nanomaterial™):ti,ab,kw
("nanoparticle™):ti,ab,kw
("nanoprobe™):ti,ab,kw
("nanorod™):ti,ab,kw
("nanosheet™):ti,ab,kw
("nanosphere™):ti,ab,kw
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#194
#195
#196
#197
#198
#199
#200
#201
#202
#203
#204
#205
#206
#207

#199 or #200 or #201 or #202 or #203 or #204 or #205 or #206
#208 #7 and #24 and #76 and #163 and #207

("nanostar"):ti,ab,kw
("nanostructure™):ti,ab,kw
("nanotag"):ti,ab,kw
("nanotube™):ti,ab,kw
("nanowire"):ti,ab,kw
("peptide™):ti,ab,kw
("polymer"):ti,ab,kw
("quantum dots"):ti,ab,kw
("QD"):ti,ab,kw
("QDs"):ti,ab,kw
("silver™):ti,ab,kw
("smartphone™):ti,ab,kw
("strip™):ti,ab,kw

#164 or #165 or #166 or #167 or #168 or #169 or #170 or #171 or #172 or #173 or #174 or
#175 or #176 or #177 or #178 or #179 or #180 or #181 or #182 or #183 or #184 or #185 or #186 or
#187 or #188 or #189 or #190 or #191 or #192 or #193 or #194 or #195 or #196 or #197 or #198 or
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Supplemental file 4: Quality assessment modified from Critical Appraisal Skills Programme
(CASP)

The modified Critical Appraisal Skills Programme (CASP) Checklist for diagnostic test studies
Website: https://casp-uk.net/casp-tools-checklists/

Major Components | Response options

Section A: Are the results of the study valid?

1. Did the study address a clearly formulated research question? Yes No Can't Tell
2. Was there a comparison with an appropriate reference standard? Yes No Can't Tell
3. Has the index test been tested with real clinical samples? Yes No Can't Tell
4. Were the methods for performing the test described in sufficient detail? Yes No Can't Tell
Section B: What are the results?

5. What are the results? Yes No Can't Tell
6. How sure are we about the results? Consequences and cost of alternatives performed? Yes No Can't Tell
Section C: Will the results help locally?

7. Were all outcomes important to the individual or population considered? Yes No Can't Tell
8. What would be the impact of using this test on your patients/population? Yes No Can't Tell
9. Was the study free of commercial funding and conflict of interest? Yes No Can't Tell

*Questions 3, 4, 5, 9, and 10 from the original CASP checklist were deemed irrelevant to our systematic review's objectives and were consequently excluded. Two new questions
(numbered 3 and 9 in the revised checklist) were incorporated to align with our research focus. Moreover, the signaling questions were rephrased to employ a standardized response
format to facilitate consistent interpretation of the qualitative questions 5, 6, and 8 (adapted from the original CASP checklist). Specifically, "yes" indicates a positive answer, "no" is
a negative answer, and "can't tell" is used when insufficient study information precludes a definitive response. As a result, each included study underwent evaluation based on nine
questions.
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https://casp-uk.net/casp-tools-checklists/

Question 1- Did the study address a clearly formulated research question?
Signaling question: Are the research questions clearly defined in the studies? Do the studies
comprehensively describe (i) the optical biosensor's design and operating principles, (ii) the target
population for DENV detection (iii) the specific nanomaterial employed (e.g., AuNPs, QDs), (iv)
the sample type (e.g., human blood, urine, mosquitoes), (v) potential applications (e.g., early
diagnosis, monitoring, epidemiological surveillance), (vi) the intended use setting (e.g., PoC), and
(vii) evaluation parameters (e.g., sensitivity, specificity, LoD, results time, cost, required
infrastructure, PoC suitability)?
- YES: The study provides information on at least four criteria
- NO: The study lacks information on at least four criteria
- CAN NOT TELL: The information provided was ambiguous or inadequate on at least four
criteria
Question 2- Was there a comparison with an appropriate reference standard?
Signaling question: Was the designed optical biosensor validated and compared against an
appropriate standard or reference method (e.g., RT-PCR or ELISA serology) regarding sensitivity,
specificity, LoD, time to results, cost, and robustness?
- YES: The study directly compares its findings to a reference method, providing clear
comparative data
- NO: The study fails to compare its findings to a reference method, omitting comparative
data
- CAN NOT TELL: The provided information is ambiguous, making it difficult to determine
whether the study compares to a reference method
Question 3- Has the index test been tested with real clinical samples?
Signaling question: Has the biosensor been validated with real clinical samples? Are the following
specified: (i) the type of sample (serum, plasma, urine, saliva, blood), (ii) the ethical and regulatory
protocols established (informed consent, proper handling of biological samples, etc), and (iii) the
clinical setting in which it is performed (hospital, primary care centers)?
- YES: The study used real clinical samples and meets at least criteria (i) and (ii)
- NO: The study did not use real clinical samples, or if it did, it does not meet at least criteria
(i) and (ii)
- CAN NOT TELL: It is unclear whether real clinical samples were used or if the study did; at
least criteria (i) and (ii) are unclear
Question 4- Were the methods for performing the test described in sufficient detail?
Signaling question: Do the studies in the M/M section comprehensively describe the following to
allow for replication: (i) a detailed protocol of the steps to be followed from experimental design to
statistical analysis of the results, (ii) reagents and materials used (e.g., concentrations, suppliers),
(iii) experimental parameters (e.g., temperature, incubation periods, wavelengths), and (iv)
statistical analysis (e.g., processing, analysis, interpretation)?
- YES: The study provides information on at least three criteria
- NO: The study lacks information on at least two criteria
- CAN NOT TELL: The information provided was ambiguous or inadequate on at least two
criteria
Question 5- What are the results?
Signaling question: Do the studies provide data on sensitivity, specificity, limit of detection, or
likelihood ratios that allow for assessing their effectiveness?
- YES: The study provides information on the effectiveness
- NO: The study lacks information on effectiveness
- CAN NOT TELL: The information was ambiguous or inadequate on effectiveness
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Question 6- How sure are we about the results? Consequences and cost of alternatives
performed?
Signaling question: Do the studies demonstrate the robustness of the results obtained, considering
their (i) reliability by showing confidence levels (or statistical significance), (ii) impact or
implications (risks), and (iii) comparison (cost-benefit or effectiveness) with other available options
(not necessarily with the reference standard)?
- YES: The study provides information on at least two criteria
- NO: The study lacks information on at least two criteria
- CAN NOT TELL: The information provided was ambiguous or inadequate on at least two
criteria
Question 7- Were all outcomes important to the individual or population considered?
Signaling question: Does the article consider the potential consequences or implications of
biosensor development for the real needs of patients and the community in any of these
applications: (i) highlighting the aim of developing a commercial kit, (ii) enabling early diagnosis
(PoC), (iii) enabling monitoring, or (iv) contributing to disease control by preventing outbreaks or
epidemics (epidemiological surveillance)?
- YES: The study provides information on at least 1 criterion
- NO: The study lacks information on the three criteria
- CAN NOT TELL: The information provided was ambiguous or inadequate on the three
criteria
Question 8- What would be the impact of using this test on your patients/population?
Signaling question: Does the study evaluate the potential benefits, limitations, or challenges of the
biosensor design in addressing the real needs of patients and the community? Potential benefits: (i)
improved patient quality of life, (ii) early intervention (PoC), (iii) disease monitoring, (iv)
epidemiological surveillance to track disease outbreaks and inform public health interventions, (v)
healthcare cost reduction by reducing hospitalizations and complications, or (vi) improved
accessibility (portable, low-cost, and easy to use biosensor, making it accessible to people in all
settings, including those with limited resources). Potential limitations and challenges: (i) High
biosensor design costs may limit its accessibility in resource-constrained settings, (ii) regulatory
hurdles and the challenge of achieving widespread adoption could hinder the biosensor's real-world
impact, (iii) specialized training requirements for medical and laboratory personnel could pose a
significant implementation barrier (iv) infrastructure updates may be necessary to accommodate
biosensor implementation, or (v) social acceptance concerns and potential barriers should be
carefully addressed to ensure successful integration.
- YES: The study provides key information on the benefits and limitations/challenges of
implementing the biosensor
- NO: The study does not provide key information on the benefits or limitations/challenges of
implementing the biosensor
- CAN NOT TELL: The information provided was ambiguous or inadequate on the benefits
or limitations/challenges of implementing the biosensor
Question 9- Was the study free of commercial funding or conflict of interest?
Signaling question: Was the study free from commercial funding or conflict of interest in pursuit
of research transparency and impartiality? Was the study free from funding by companies with
commercial interests in developing or commercializing the biosensor? Are the authors free from
any financial relationship with the funding companies or entities that could benefit from developing
this biosensor? Are they free of patents that could bias their results in favor of their technology? Do
the authors have any relationship with organizations interested in promoting the use of the
biosensor, such as government agencies or health advocacy groups that could influence the results
or their interpretations?
- YES: The study is free of commercial funding and conflict of interest
- NO: The study is not free of commercial financing or conflict of interest
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- CAN NOT TELL: It is unclear whether the study is free from commercial funding or

conflicts of interest

Summary of the quality assessment b

using a modified CASP

Author Year Ref. QL] Q2|Q3 Q4| Q5| Q6| Q7| Q8| Q9 | Total Quality
Gahlaut SK 2022 [79] 2 0 2 2 2 0 2 2 2 14 HIGH
Loureiro FCCL 2017 [80] 2 0 0 2 2 0 2 0 1 9 MODERATE
Jahanshahi P 2014 [81] 2 2 0 2 2 0 2 0 2 12 | MODERATE
Kumbhat S 2010 [82] 2 2 0 2 2 0 2 0 1 11 | MODERATE
Omar NAS 2018 [83] 2 0 0 2 2 0 0 0 1 7 MODERATE
Wong WR 2014 [84] 2 2 2 2 0 0 2 0 2 12 | MODERATE
Basso CR 2018 [85] 2 2 0 2 2 2 2 0 1 13 HIGH
Camara AR 2013 [86] 2 0 0 2 2 0 2 0 1 9 MODERATE
Versiani AF 2020 [87] 2 2 2 2 2 2 0 2 2 16 HIGH
Farooq S 2022 [88] 2 0 0 2 2 0 0 0 2 8 MODERATE
Mahmood HZ 2021 [89] 2 0 0 2 2 2 0 0 2 10 | MODERATE
Zhang L 2022 [90] 2 0 0 2 2 0 2 0 2 10 | MODERATE
Omar NAS 2020 [91] 2 0 0 2 2 2 2 0 2 12 | MODERATE
do Couto MTT 2024 [92] 2 0 0 2 2 0 2 0 2 10 | MODERATE
Chowdhury AD 2019 [93] 2 0 0 2 2 0 2 0 2 10 | MODERATE
Omar NAS 2019 [94] 2 0 0 0 2 0 2 0 2 8 MODERATE
Omar NAS 2019 [95] 2 0 0 0 2 0 0 0 1 5 LOW
Omar NAS 2020 [96] 2 0 0 2 2 0 2 0 2 10 | MODERATE
Omar NAS 2018 [97] 2 0 0 2 2 0 0 0 1 7 MODERATE
Yesudasu V 2024 [98] 2 0 0 2 0 0 2 0 2 8 MODERATE
Karki B 2023 [99] 2 0 0 0 2 2 2 0 2 10 | MODERATE
Saini SK 2025 | [100] 2 0 0 2 2 2 2 2 2 14 HIGH
Daher MG 2024 | [101] 2 0 0 2 0 0 2 2 1 9 MODERATE
Jena R 2025 | [102] 2 0 0 2 2 2 2 0 2 12 | MODERATE
Rafi SA 2025 | [103] 2 0 0 0 2 2 2 0 2 10 | MODERATE
Basak C 2023 | [104] 2 0 0 0 2 0 2 0 2 8 MODERATE
Banerjee A 2025 | [105] 2 0 0 2 2 2 2 0 2 12 | MODERATE
Machado GL 2022 | [106] 2 0 0 0 0 0 0 0 2 4 LOW
Senapati S 2025 | [107] 2 0 0 2 2 0 2 0 2 10 | MODERATE
Kumar P 2024 | [108] 0 0 0 2 2 0 0 2 2 8 MODERATE
Kumar V 2024 | [109] 2 0 0 2 2 0 2 2 2 12 | MODERATE
Uwais M 2025 | [110] 2 0 2 0 2 2 2 2 2 14 HIGH
Singh NP 2024 | [111] 2 0 0 0 2 2 0 0 8 8 MODERATE
Panda A 2022 | [112] 2 0 0 0 2 2 0 0 2 8 MODERATE
Upender P 2025 | [113] 2 0 0 2 2 2 2 0 2 12 | MODERATE
Almawgani AHM 2023 | [114] 0 0 0 2 2 0 0 0 2 6 LOW
Chan SK 2018 | [115] 2 0 0 2 2 0 0 2 2 10 | MODERATE
Mok J 2021 | [116] 2 0 0 2 2 0 2 0 2 10 | MODERATE
Kwon PS 2020 | [117] 2 2 0 0 2 2 2 0 2 12 | MODERATE
Fletcher SJ 2010 | [118] 2 0 0 2 0 0 2 0 1 7 MODERATE
Lee JS 2020 | [119] 2 0 0 2 2 2 0 2 0 10 | MODERATE
Kanagavalli P 2020 | [120] 2 0 2 0 2 0 0 0 2 8 MODERATE
Hein LD 2025 | [121] 2 2 2 2 2 2 2 2 1 17 HIGH
Anderson GP 2019 | [122] 2 2 2 2 2 0 0 2 2 14 HIGH
Tyson J 2019 | [123] 2 2 2 2 0 2 2 2 1 15 HIGH
Gaylord ST 2015 | [124] 2 2 0 0 2 2 2 0 0 10 | MODERATE
Hosseini S 2014 | [125] 2 2 0 2 0 2 2 2 1 13 HIGH
Ortega GA 2016 | [126] 2 2 0 2 2 2 2 2 0 14 HIGH
Mahmud AH 2025 | [127] 2 0 0 2 2 2 2 2 2 14 HIGH
Melpignano P 2016 | [128] 2 2 2 2 0 0 2 2 1 13 HIGH
Linares EM 2013 | [129] 2 2 2 2 2 2 2 0 1 15 HIGH
Tran L 2021 | [130] 2 0 0 2 2 2 2 2 2 14 HIGH
Ranzoni A 2015 | [131] 2 2 0 2 2 2 2 2 1 15 HIGH
Shen W 2015 | [132] 2 0 0 2 2 2 2 0 1 11 | MODERATE
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Adegoke O 2025 | [133] 2 0 0 2 2 2 0 0 1 9 MODERATE
Monday YN 2023 | [134] 2 0 0 2 2 0 0 0 1 7 MODERATE
Adegoke O 2017 | [135] 2 0 0 2 2 0 2 0 1 9 MODERATE
Chowdhury AD 2018 | [136] 2 0 0 2 2 2 2 0 2 12 | MODERATE
Zavoiura O 2018 | [137] 2 0 0 2 2 0 2 2 1 11 | MODERATE
Sitthisuwannakul K 2024 | [138] 2 2 2 2 2 2 2 0 2 16 HIGH
Vinayagam S 2018 | [139] 2 2 0 0 2 0 2 0 1 9 MODERATE
Flores MSC 2025 | [140] 2 0 0 2 2 2 2 0 2 12 | MODERATE
Cam Duyen VT 2023 | [141] 2 2 2 2 2 2 2 2 2 18 HIGH
Vinayagam S 2019 | [142] 2 0 0 2 2 0 0 0 1 7 MODERATE
Khoris IM 2022 | [143] 2 0 0 1 2 2 2 2 2 13 HIGH
Basso CR 2019 | [144] 2 2 0 2 2 2 2 0 1 13 HIGH
Rahman SA 2014 | [145] 2 0 0 2 2 0 0 0 2 8 MODERATE
Dasgupta U 2024 | [146] 2 0 0 2 2 2 2 0 2 12 | MODERATE
Hosseini S 2020 | [147] 2 2 0 2 2 2 0 2 2 14 HIGH
Hosseini S 2016 | [148] 2 2 0 2 2 2 2 0 2 14 HIGH
Arruda VdO 2024 | [149] 2 2 2 2 2 2 2 2 2 18 HIGH
Farokhinejad F 2021 | [150] 2 0 0 2 2 2 2 2 2 14 HIGH
Farahmand E 2015 | [151] 2 2 0 2 2 0 2 0 1 11 | MODERATE
Ramirez-Navarro R 2020 | [152] 2 0 0 2 2 2 2 2 2 14 HIGH
Lin LF 2025 | [153] 2 2 2 2 2 2 2 0 2 16 HIGH
Khalil MZ 2025 | [154] 2 0 2 2 2 2 2 0 2 14 HIGH
Shahzadi A 2025 | [155] 2 0 2 2 0 0 2 0 2 10 | MODERATE
Ismail NF 2024 | [156] 2 0 1 0 2 0 0 2 1 8 MODERATE
Gahlaut SK 2020 | [157] 2 2 2 2 0 0 2 0 2 12 | MODERATE
Song C 2020 | [158] 2 0 0 2 2 0 2 0 2 10 | MODERATE
Paul AM 2015 | [159] 2 2 0 2 2 0 2 0 2 12 | MODERATE
Mustapa MA 2025 | [160] 2 0 0 2 2 2 2 2 2 14 HIGH
Farokhinejad F 2022 | [161] 2 0 0 2 2 2 2 0 2 12 | MODERATE
ZhuT 2018 | [162] 2 2 2 2 2 2 0 0 2 14 HIGH
Arts R 2016 | [163] 2 0 0 2 2 0 2 0 1 9 MODERATE
Garcia AA 2017 | [164] 2 2 2 2 2 0 2 2 2 16 HIGH
Jeningsih 2020 | [165] 2 2 2 2 2 2 2 0 2 16 HIGH
Mazlan NF 2019 | [166] 2 2 2 2 2 2 2 2 1 17 HIGH
Jamaluddin ND 2022 | [167] 2 2 2 2 2 2 2 0 2 16 HIGH
Ariffin EY 2018 | [168] 2 0 0 2 2 0 2 0 2 10 | MODERATE
Mazlan NF 2017 | [169] 2 0 0 2 2 2 2 0 2 12 | MODERATE
Amin NM 2021 | [170] 0 0 0 2 2 2 2 2 2 12 | MODERATE
Kamil YM 2019 | [171] 2 0 0 2 2 2 0 0 1 9 MODERATE
Kamil YM 2021 | [172] 2 2 0 2 2 2 0 2 1 13 HIGH
Kamil YM 2019 | [173] 2 0 0 2 2 2 0 0 2 10 | MODERATE
Ferdous AHMI 2024 | [174] 2 0 0 2 2 0 0 0 2 8 MODERATE
Alam S 2025 [175] 2 0 0 2 2 2 2 2 2 14 HIGH
Nasr DM 2024 | [176] 2 0 0 2 2 2 2 2 2 14 HIGH

* A scoring system based on the Critical Appraisal Skills Programme (CASP) diagnostic test study checklist was used.
Each item received a score of 2 points (= YES), 1 point (= CANNOT TELL), or 0 (= NO). Given the absence of a
standardized CASP classification system, a categorization was developed and validated according to the methodology
outlined in da Costa et al. and O'Dwyer et al. studies: low quality (0-6 points), moderate quality (7-12 points), and high

quality (13-18 points)
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