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ABSTRACT

Article history D-dimer is an essential biomarker for thrombotic disorders. Recent
Received: 30 Dec 2024 studies have developed aptamer-based lateral flow immunoassays
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specificity of aptamers with lateral flow technology, enabling convenient
Keywords point-of-care testing. Through optimization, assays have demonstrated
Aptamer high sensitivity and selectivity for D-dimer detection in clinical samples,
Aptasensor making the platform a reliable marker for thrombosis. The platform
E{;?(;gf;low offers a practical point-of-care diagnostic solution for thrombosis, with
Rapid test advantages such as rapid turnaround times, ease of use, and cost-
Venous thromboembolism effectiveness. Herein, this literature survey tries to discuss and

underscore the effectiveness of aptamer-based LFIA as an innovative
method for a rapid detection of D-dimer.
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Introduction

D-dimer, a fibrin degradation product, is a well-
recognized biomarker for diagnosing thrombotic
disorders. The prompt and precise measurement
of D-dimer levels is critical for ensuring timely
clinical intervention and effective management
of these conditions [1]. This literature review
represents the development of an aptamer-based
lateral flow immunoassay (LFIA) designed for
the qualitative detection of D-dimer. The
designed LFIA platform integrates the specificity
of aptamer-based D-dimer recognition with the
efficiency and speed of lateral flow technology,
thus providing a practical point-of-care
diagnostic solution for rapid detection of
thrombosis. Aptamers are single-stranded DNA
or RNA molecules selected for their high affinity
and specificity toward target molecules [2]. They
can be utilized as recognition elements in
diagnostic applications [3].

Developed aptamer-based LFIAs have
demonstrated excellent analytical performance,
featuring a broad dynamic range and low
detection limits comparable to traditional
immunoassay methods [4]. Furthermore, the
LFIA platform exhibited notable stability,
reproducibility, and robustness, rendering it
suitable for clinical applications [5].

This study underscores the effectiveness of
aptamer-based LFIA as an innovative method for
D-dimer detection. The approach presents
several advantages, including rapid turnaround
times, ease of use, and cost-effectiveness, which
are crucial for point-of-care testing in resource-
limited environments and emergencies.

However, further optimization and validation are

necessary to facilitate the translation of this
technology into clinical practice, ultimately
enhancing thrombosis management and patient
care. The prompt and accurate measurement of
D-dimer levels is crucial for diagnosing
thrombotic  disorders such as deep vein
thrombosis, pulmonary embolism, and venous
thromboembolism (VTE). Current diagnostic
methods, while sensitive, are often time-
consuming and require specialized equipment,
limiting their use in point-of-care settings. This
study aims to develop an aptamer-based LFIA
for the rapid and specific detection of D-dimer,
offering a cost-effective and portable solution for
early diagnosis and management of thrombotic
disorders [4].

D-dimer in the coagulation system

D-dimer is a degradation product of fibrin
formed during fibrinolysis, the process by which
blood clots are broken down [6]. Throughout
coagulation  activation, fibrinogen is
enzymatically converted into fibrin monomers,
which passively aggregate until stabilized by
factor Xllla-mediated covalent bonds between
adjacent fibrin monomers, forming a stable fibrin
network entrapping platelets and other blood
cells [7].

The term "D-dimer" originally refers to the end
products of plasmin digestion on the factor
Xllla-cross-linked fibrin clot, specifically the
DD/E fragments (MW~ 190-10,000 kDa) (Fig.
1). Additionally, plasmin can degrade fibrinogen
and other proteins; however, this activity is
regulated by alpha-2-antiplasmin, which helps to

localize fibrinolysis specifically to the site of
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injury, ensuring that the process is focused and
effective. However, current immunoassays do
not exclusively detect the DD/E complex [8]
(Fig. 1).

Clearance of D-dimer fragments primarily
occurs via renal excretion and reticuloendothelial
system catabolism, with a plasma half-life of
approximately 8 hours [9]. Unlike other
coagulation markers, such as the thrombin-
antithrombin complex or prothrombin fragments,
D-dimer persists longer in circulation [1].
Physiologically, D-dimer is present in small
amounts in healthy people and increases with
age [10]. Thrombin activates factor XIlI,
facilitating fibrin stabilization by forming cross-
linked bonds between the fibrin monomers. The
breakdown of fibrin is primarily carried out by

plasmin, which is generated from plasminogen

through the action of tissue plasminogen
activator. Plasmin cleaves fibrin into fibrin
degradation products, with D-dimer being a
significant byproduct resulting from the cleavage
of cross-linked fibrin monomers [6]. Fibrin
formation begins with the conversion of
fibrinogen into fibrin monomers. This process
is mediated by thrombin, which removes the A
and B fibrinopeptides from the fibrinogen
molecule. As a result, the fibrin monomers
spontaneously polymerize into a stable
polymer held together by hydrogen bonds.
Selected aptamers should not react with non-
cross-linked fibrinogen and detect specific
epitopes on cross-linked D-dimer fragments
produced from factor Xllla-cross-linked fibrin

degradation products [3].
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Fig. 1. Fibrinogen conversion to fibrin, fibrinolysis by plasmin, and release of
D-dimer, a well-known marker for thrombosis assessment.
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The role of D-dimer in diagnostics

Elevated levels of D-dimer in the blood have
become a key biomarker for diagnosing
thrombotic disorders, such as deep vein
thrombosis, pulmonary embolism, and VTE.
These conditions are associated with a
significant morbidity and mortality rate, making
early detection and intervention crucial for
improving patient outcomes [8].

D-dimer testing is a pivotal aspect of
diagnosing PE, a condition characterized by the
obstruction of pulmonary artery blood flow by
an embolus, typically originating from lower
limb vein thrombi [11].

D-dimer assays are widely utilized to rule out
VTE in patients. Elevated D-dimer levels are
observed not only in VTE cases but also in
various conditions such as infection, pregnancy,
trauma, cancer, ageing, hematomas, or
interstitial haemorrhages. The quantification
and qualification of D-dimer in serum are
carried out using traditional methods currently
available [12].

Different types of D-dimer assay

D-dimer testing is widely used in clinical
practice because it can help rule out the
presence of a thrombotic event, particularly
when coupled with clinical risk assessment
models[13]. However, despite its utility, current
methods of measuring D-dimer levels have
limitations, especially in point-of-care settings,
where speed, cost, and ease of use are critical
factors [10].

Currently, the most common diagnostic
methods for measuring D-dimer levels include

enzyme-linked immunosorbent assays (ELISA),

immunoturbidimetric  assays, and latex
agglutination tests. These methods are typically
highly sensitive and accurate but have several
drawbacks that limit their use, especially in
emergency or outpatient settings.

ELISA: While ELISA offers high sensitivity, it
is a laboratory-based technique that requires
sophisticated equipment, trained personnel, and
a relatively long turnaround time. These factors
make rapid, on-site testing impractical,
particularly in emergency care or rural settings.
Immunoturbidimetric assays: These assays
offer more rapid results than ELISA but are also
laboratory-based and may not be as portable or
easy to use in a clinical setting without proper
infrastructure.

Latex agglutination tests: These provide
quicker results than ELISA and
immunoturbidimetric assays but often lack the
sensitivity and specificity required for accurate
diagnosis in all patient populations [14, 15].
Among these assays, the classical latex
agglutination test and the Red cell agglutination
test (SimpliRED) demonstrate the lowest
sensitivity, providing positive and negative
results. Despite these advancements, there is
still a significant need for quick, reliable,
portable, and cost-effective point-of-care
diagnostics. Complex procedures often hinder
existing methods, the need for expensive
equipment, or limitations in sensitivity,
particularly in cases where D-dimer levels are
low or high but not conclusive.

Here, the aptamer-based LFIA optimized for
specific detection of D-dimer would emerge as

the most sensitive method for qualitative
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measurements. Recent developments in
aptamer-based technologies offer a promising
solution to address the limitations of current D-
dimer assays [16].

According to the literature, adjusting the
aptamer and understanding its dissociation
constant (Kd) wvalue can enable accurate
detection and quantitation of D-dimer levels in
the specified range.

Adjusting the Aptamer sensor amount based on
D-dimer levels and Kd value is crucial for
accurate detection. The Kd measures the
affinity between the aptamer and its target, with
lower Kd values indicating higher affinity. In
this study, the Kd value was optimized to
ensure accurate detection of D-dimer within the
clinically relevant range of 200-1000 ng/mL.
The D-dimer assay's ideal range spans 200-
1000 ng/mL plasma [17].

Aptamers in immunoassays

Aptamers are single-stranded nucleic acid
molecules (DNA or RNA) that can bind
selectively and with high affinity to specific
target molecules, including proteins like D-
dimer [18]. Unlike traditional antibodies,
aptamers offer advantages such as greater
stability, easier synthesis, and lower cost,
making them ideal candidates for diagnostic
applications, particularly in point-of-care testing
[19]. Aptamers, derived through the SELEX
(Systematic Evolution of Ligands by
Exponential Enrichment) process, are single-
stranded nucleic acids, including DNA, RNA,
or modified nucleic acids [20]. Since their
discovery in 1990, numerous aptamers
have been identified for diverse targets,

encompassing metal ions, organic molecules,

peptide proteins, and whole cells [21]. In
contrast to antibodies, aptamers exhibit
sustained high binding affinities across a
broad spectrum of conditions, coupled with
advantageous attributes such as facile synthesis,
versatile design capabilities, and enhanced
stability. Nonetheless, conventional aptasensors
often necessitate specialized personnel and
expensive equipment and are primarily
confined to laboratory settings, thereby
constraining their applicability in point-of-need
and point-of-care scenarios [17].

In recent years, lateral flow aptasensors (LFAS)
have emerged as a promising avenue, eliciting
escalating interest due to their cost-
effectiveness and enhanced adaptability
compared to antibody-based systems [23].
LFAs have been extensively explored for
detecting various targets, spanning toxins,
proteins, and cancer cells [4].

Advantages of aptamers over antibodies in
lateral flow immunoassay

The LFIA is a widely used, simple, and cost-
effective  diagnostic method  successfully
applied in numerous medical tests, such as
pregnancy tests and rapid infectious disease
detection. By integrating aptamers into the
LFIA format, we can create a rapid, specific,
cost-effective D-dimer test suitable for use in
low-resource and emergency settings. The
proposed aptamer-based LFIA offers the
potential for enhanced sensitivity, selectivity,
and speed compared to existing antibody-based
assays [22].

Therefore, this study aims to optimize an
aptamer-based LFIA platform for the rapid

detection of D-dimer in clinical samples,
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thereby offering a novel solution for the early
detection of thrombotic disorders at the point of
care. Combining the specificity of aptamers
with the speed and ease of lateral flow
technology could overcome the limitations of
D-dimer testing, ultimately improving patient
care through more timely and accurate
diagnostics [4].

Antibodies may struggle to differentiate
between closely related targets like small
molecules, whereas aptamers can excel in this
area. For example, Jenison et al. (1994) created
an RNA aptamer that could distinguish between
theophylline and caffeine despite their subtle
chemical similarities. Unlike immunoassays,
the aptamer showed a remarkable 10,000-fold
preference for theophylline over caffeine [23].
In research conducted for the World Anti-
Doping Agency (WADA), a series of DNA
aptamers were engineered to be capable of
discriminating between the virtually identical
natural pituitary human growth hormone (hGH)
and recombinant hGH produced in Escherichia
coli bacteria- a feat challenging with antibodies.
This discrimination was feasible due to
alterations in up to 2% of recombinant hGH
proteins induced by the bacterial host, validated
by mass spectrometry [24, 25]. Similarly, the
author successfully discriminated between
isoleucine (1) and threonine (T) variants of
prostate-specific antigen (PSA) at position 179,
a task current antibodies struggle with,
employing a diaminopurine (DAP)-modified
aptamer and leveraging insights from a
molecular docking model. The DAP-modified
aptamer exhibited approximately a 20%

disparity in colorimetric absorbance signals in

an ELISA-like setting between the I- and T-
PSA variants [25, 26].

An often overlooked yet significant distinction
between aptamers and antibodies is their
smaller size and weight than common IgG
antibodies. Aptamers, typically comprising 70—
200 bases, generally weigh approximately 20—
60 kD, contrasting with 1gG antibodies
weighing over 150 kD. Moreover, the size of
well-known aptamers, such as the thrombin
aptamer, is notably smaller at approximately
21x25 A compared to the substantially larger
IgG antibodies at 122 x 139 A [19].

Moreover, unlike antibodies, aptamers offer
a unigue detection modality involving
hybridization or dehybridization of polymer
strands, further augmenting their versatility and
potential advantages in specific applications
[17]. Herein, selected aptamers are derived
through the SELEX process, single-stranded
DNA or modified nucleic acids [27]. Numerous
aptamers have been identified for diverse
targets, encompassing metal ions, organic
molecules, peptide proteins, and whole cells
[28]. In contrast to antibodies, aptamers exhibit
sustained high binding affinities across a
broad spectrum of conditions, coupled with
advantageous attributes such as facile synthesis,
versatile design capabilities, and enhanced
stability [18, 26]. Nonetheless, conventional
aptasensors often necessitate specialized
personnel and expensive equipment and are
primarily confined to laboratory settings,
thereby constraining their applicability in point-
of-need and point-of-care scenarios [27].

In recent years, aptamer-based LFIAs (Fig. 2)

(Table 1) have emerged as a promising avenue,
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eliciting escalating interest due to their cost-
effectiveness and enhanced adaptability
compared to antibody-based systems [29, 30].
LFAs in sensing technology

LFAs are a well-established sensing technology
known for their rapid response, easy storage,
user-friendly design, and on-site applicability
without requiring instrumentation or additional
chemicals. They can detect targets, including
mycotoxins, small molecules, heavy metals,
bacteria, viruses, and proteins [31].

LFAs utilize various detector reagents, from
colloidal gold to dye-containing liposomes, and
recent advancements include multiplex LFAs
for the simultaneous detection of multiple

targets [5]. Aptamer-based LFAs utilize

aptamers' specificity, which is established
during the selection process. They use reporter
labels like gold nanoparticles, latex spheres, and
quantum dots for assay specificity. LFAs offer
simple, cost-effective detection of targets with
high sensitivity [29]. In aptamer-based LFIAs,
the sample with the analyte moves from the
sample pad to the conjugate pad and binds to
a labelled aptamer. The complex travels to
the nitrocellulose membrane, where an
immobilized aptamer captures it. EXcess
unbound complex is captured on the control
line. Detection creates a signal on the test line
and indicates proper liquid flow on the control
line [30].
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Fig. 2. Principles of aptamer-based lateral flow immunoassays (LFIAS). (A) The LFA strip includes
four overlapping membranes: sample pad, conjugate pad, reaction membrane, and absorbent pad. (B)
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LFIAs usage outside traditional laboratory
settings, in point-of-care

One of the key advantages of LFIAs is their
ability to provide immediate diagnosis and
treatment during the same consultation,
minimizing the need for multiple clinical
visits, referrals, and delays in therapy
initiation. For example, LFIAs can aid in
distinguishing between bacterial and viral
infections, helping clinicians decide whether
antibiotic therapy is necessary and thereby
mitigating the misuse of antibiotics, which
contributes to the development of antibiotic
resistance (Table 2). LFIA, like pregnancy
tests, are widely used in clinical practice for
various purposes due to their simplicity and
quick results [29, 30]. LFIAs are particularly
suitable for use outside traditional laboratory
settings, including hospital wards, clinics,
health centers, physicians' offices, and even

in patients’ homes for self-testing. This

accessibility and ease of use make LFIAs
valuable tools for point-of-care testing,
enabling healthcare professionals to assess
patients' conditions and make informed
treatment decisions quickly [30] (Tables 3, 4).
AuNP-labeling of aptamer-based LFIA
platforms

Gold nanoparticles (AuNPs) have become a
widely adopted labeling system in lateral flow
tests, attributed to their distinctive optical
properties and straightforward conjugation
with biomolecules [32]. The vibrant red hue of
AUNPs, which arises from surface plasmon
resonance, facilitates their detection in lateral
flow assays. surface plasmon resonance occurs
when the conduction electrons on the AuNP
surface oscillate collectively in response to
illumination, absorbing light in the blue-green
spectrum while reflecting light in the red

spectrum.

Table 1. LFIAs usage outside traditional laboratory settings, its advantages and disadvantages [22, 30].

Advantages Disadvantages
Easy to use Mainly qualitative or semi-quantitative.
Low-cost Solid samples need to be Extracted.

Very fast turnaround time
Lightweight and portable
Limited sample volume required
Limited sample treatment

No need for instrumentation -
Long storage stability (1-2 years) -
Consolidated development process -

Subjective result interpretation.
Confirmatory analysis is needed (usually for positive results).
Possible batch-to-batch variability

Technological improvements usually increase the cost per analysis.
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http://dx.doi.org/10.18502/ijml.v11i3.19137
https://ijml.ssu.ac.ir/article-1-545-en.html

[ Downloaded from ijml.ssu.ac.ir on 2025-11-05 ]

[ DOI: 10.18502/ijml.v11i3.19137 ]

DETECTION OF D-DIMER IN THE BLOOD

This property enhances the sensitivity and
visibility of assays, making AuNPs an
effective choice for various diagnostic
applications [33]. AuNPs are versatile
nanoparticles that can easily be combined with
biomolecules through simple adsorption or
gold-thiol surface chemistry. They are widely
used in applications such as food analysis,
diagnostics, and environmental monitoring,
including lateral flow tests. Recent advances
have allowed the development of nucleic acid
detection tests using DNA probes and
aptamers, which offer high specificity and
affinity for target molecules. Innovative
strategies like competitive assays and "reverse-
aggregation" approaches have been created,
with aptamers being split into two parts
without losing activity for multiplex testing.
This has enabled simultaneous detection of
multiple targets in a logic-gate fashion. The
use of aptamers in AuNP-based lateral flow
tests has enhanced assay specificity and
versatility, promising rapid and sensitive
diagnostic applications (Table 3) [34]. Studies
have employed an AuNP-based LFIA
platform, integrating aptamers for specific
D-dimer recognition. The assays have been
optimized using clinical samples, with
statistical analyses performed to determine
sensitivity, specificity, and detection limits. A
comparative analysis with ELISA was
conducted to validate the assay's performance.
The statistical significance has been assessed

using receiver operating characteristic curve

analysis, with a p-value< 0.05 considered
significant [3, 35].

Different types of aptamer-based LFIA
formats

Overall, aptamers offer versatile recognition
elements for LFIAs, enabling the development
of rapid, sensitive, and specific assays for a
wide range of analytes across different
categories. Their use in LFIAs holds promise
for various applications in clinical diagnostics,
environmental monitoring, and biomedical
research. Over recent decades, several
approaches for aptamer-based LFIAs have
emerged, including sandwich  formats,
competitive formats, and innovative methods
leveraging the structural and functional
characteristics of aptamers [42] (Table 4).
Implementing dual aptamers in sandwich-type
LFIAs is crucial for broader acceptance, as this
approach enhances robustness through the use
of excess labeled reporter aptamers and
allows for the straightforward establishment
of control lines. Moreover, the direct
immobilization of capture aptamers onto
membranes eliminates the need for protein
storage, lowering costs and enabling non-
refrigerated storage. Transitioning from
competitive to sandwich formats also
streamlines multiplexed aptamer detection,
significantly improving assays' versatility.

The anticipated integration of dual aptamers
and direct immobilization techniques across
various membrane types is expected to

promote the successful implementation and
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commercial adoption of aptamer-based LFIAs

[43, 44].

Table 2. Examples of aptamer-based lateral flow immunoassays (LFIA) using AuNPs labels in probes for the

detection of biomarkers.

Strategy Biomarker Label/ Ref.
Conjugation of AuNP's with dopamine duplex aptamer and dissociation of .

) Dopamine AUNPs [35]
duplexes in the presence of the target
Desorption of biotin-modified aptamer from AuNPs surface in the presence

HER2 AuNPs [36]

of analyte
The competitive reaction between CA125 conjugated with AuNPs and e AUNPs
unlabeled CA125 for binding to capture probe. Enzyme [34]
An aptamer-based hook-effect-recognizable three-line LFIA Thrombin AuUNPs [37]

Binding of a biotinylated aptamer to target in the sample and reaction with

AuNPs-streptavidin conjugate, then subsequent capturing by the antibody at  Osteopontin AUNPs [38]

the test line

A sandwich LFIA based on biotin-labeled primary aptamer immobilized on

the streptavidin-coated membrane as a capturing probe and secondary Vaspin AUNPs [16]

aptamer conjugated with AuNPs as a signaling probe

Table 3. Examples of the applications of aptamers in lateral flow immunoassays (LFIAs) for various types of

1-Cell-based detection

2-Protein-based
detection

3-Small molecule-based
detection

4-lonic substance
detection

analytes

Aptamers can be used in LFIAs to detect specific cell types or cell surface markers.
For example, aptamers selected against cancer cells or specific cell surface proteins
can be immobilized on the test line of LFIAs to capture target cells present in the
sample. The binding of target cells to aptamer-coated nanoparticles or surfaces
results in a visible signal, allowing for rapid and sensitive cell detection [39].
Aptamers have been widely employed in LFIAS to detect proteins, including disease
biomarkers, antigens, and toxins. In these assays, aptamers specific to the target
protein are immobilized on the test line, while labeled aptamers or aptamer-
functionalized nanoparticles are used as detection probes. Upon binding the target
protein to the immobilized aptamer, a visible signal is generated, indicating the
presence of the protein in the sample [40].

Aptamers can also be utilized in LFAs to detect small molecules such as drugs,
metabolites, and environmental pollutants. In these assays, aptamers selected to bind
to the target small molecule are immobilized on the test line, while labeled aptamers
or aptamer-functionalized nanoparticles are used for detection. The binding of the
target small molecule to the immobilized aptamer results in a visible signal,
enabling rapid and specific detection [28].

Aptamers with affinity for specific ions or ion-containing compounds can be
employed in LFIAs to detect ionic substances. In these assays, aptamers capable of
binding to the target ion are immobilized on the test line, while labeled aptamers or
aptamer-functionalized nanoparticles are used for detection. The binding of the
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target ion to the immobilized aptamer leads to a visible signal, allowing for rapid
and selective detection of the ionic substance [41].

Table 4. Existing aptamer-based LFIA formats, including sandwich and competitive formats [21, 45].

Sandwich aptamer-based LFIAs (Apt-LFA)
1. The sandwich assay method represents the predominant approach in Apt-LFA, particularly for detecting large
molecular weight analytes such as proteins. In a typical sandwich Apt-LFA setup, the process begins with a
sample application to the sample pad. Here, the target molecules are initially captured by a detection aptamer,
which is often conjugated with a reporter molecule. This interaction leads to the formation of a complex
between the reporter-conjugated aptamer and the target on the conjugate pad.
2. As the sample migrates towards the test line, the target molecule within the complex encounters a secondary
affinity agent immobilized at the test line. This secondary agent recognizes the target and forms a sandwich
structure: the target molecule is positioned between the reporter-conjugated aptamer and the secondary affinity
agent at the test line. This formation confirms the presence of the target analyte.
3. Three main types of sandwich Apt-LFAs have been proposed and utilized to date, optimizing target
molecules’ capture and detection through distinct design and operational principles.

Competitive aptamer-based LFIAs

1. The competitive assay, also known as the inhibition assay, offers an alternative approach where dual
aptamers for a target are not readily available. This method primarily involves two types of competitive assays,
both of which have been extensively explored:
2. Target Immobilization: In this approach, target molecules are immobilized on the test line. The aptamer,
specific to the target, competes with the free target molecules present in the sample for binding to the
immobilized targets on the test line.
3. Oligonucleotide Immobilization: Alternatively, partially complementary oligonucleotides to the aptamer can
be immobilized on the test line. These oligonucleotides compete with the aptamer to bind to the target molecules
in the sample [46].

Conclusion

The thromboembolic disease represents a laboratories typically utilize automated testing

considerable health risk, characterized by technologies, such as ELISA, latex-enhanced

abnormal blood clotting and resulting in elevated
morbidity and mortality rates. Various assays
have been developed to detect and monitor this
condition, primarily using monoclonal antibodies
that target specific epitopes on cross-linked D-
dimer fragments. D-dimers, which are unique
products of cross-linked fibrin degradation, serve
as indicators of thromboembolic events. D-dimer
levels are frequently assessed to assess
thromboembolic disease in patients with

complex medical conditions effectively. Central

immunoturbidimetry, and chemiluminescence
assays. In contrast, clinics and urgent care
facilities depend on advanced bedside testing
methods, including immunochromatography
assays, to enable swift D-dimer evaluation. As a
result, healthcare providers and clinics must
remain attentive to the specific D-dimer assay
used in their facility to ensure optimal
patient care in diagnosing and managing
thromboembolic disease. In conclusion, the

various aptamer-based LFIAs discussed
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above demonstrate their potential as cost-
effective, sensitive, and portable methods for the
rapid detection of a wide range of targets within
5 to 30 minutes, achieving limits of detection
that rival those of traditional laboratory
techniques. However, the commercialization
of these assays has been limited, with only a few
documented instances of market introduction.
Despite this, the unique benefits of aptamers -
such as lower production costs, increased
stability, and ease of modification and
immobilization - position aptamer-based
LFIAs as strong alternatives to conventional
lateral flow immunoassays. This trend will likely
result in a marked increase in published studies
and promote the successful implementation and

commercial adoption of aptamer-based LFIAs.
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