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Abstract: Molecular diagnosis is crucial for combating infectious diseases due to its 
high sensitivity and precision. However, its application in point-of-care testing (POCT) 
faces challenges, particularly in remote areas and developing countries. This review, 
based on searches of indexed publication databases, examined major nucleic acid 
amplification methods, detection techniques and miniaturization strategies for POCT 
platform development, focusing on the period 2015–2025. The need for regulatory 
standardization and the advantages and disadvantages of amplification techniques 
were discussed. Microfluidic approaches—reaction chambers, continuous flow, and 
droplets—were analyzed as the basis for functional device integration, emphasizing their 
role in reducing volumes, energy consumption and processing time. The sensitivity, cost 
and instrumentation complexity of fluorescence-, colorimetry- and electrochemistry-
based detection systems were addressed. The practical feasibility of integrating these 
into miniaturized POCT platforms underscores the structural role of microfluidics in 
advancing portable molecular diagnostics. Despite progress, miniaturization complexity 
and reagent costs remain significant technological barriers.

Key words: Amplification, Infectious Diseases, Molecular Diagnostics, Nucleic Acid, Patho-
gen Detection, Point-of-care Testing.

INTRODUCTION
Current research into the molecular detection 
of pathogens is focused on developing rapid 
and reliable strategies adapted to the critical 
demands of emergency medical care, which 
include characteristics such as the ease of 
sample preparation and reading of tests (Krampa 
et al. 2020, Plebani et al. 2024).

In this context, the development of ultra-
sensitive, specific and quantitative analytical 
POCT (point-of-care testing) tools for the 
detection of diseases using reduced sample 

volumes represents an important advance 
in global public health, as it facilitates timely 
and rapid disease surveillance, control and 
epidemiological mapping (ECDC 2022).

The POCT tools should ideally be reliable, 
specific, sensitive, portable, easy to use and 
capable of detecting many unprocessed samples 
in a short amount of time (Larkins & Thombare, 
2025). When based on molecular diagnostics, 
POCT tools allow the determination of the 
number of copies of the target nucleic acid per 
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sample with precision, providing the detection 
and quantification of the target pathogen and 
allowing the definition of the most appropriate 
treatment for patients (Gavina et al. 2023).

In this review, the conventional, modern 
and alternative molecular methods used 
in nucleic acid amplification, such as PCR 
(polymerase chain reaction), LAMP (loop-
mediated isothermal amplification) and RPA 
(recombinase polymerase amplification), are 
initially addressed. Next, the detection systems 
and their challenges for the development of new 
POCT tools are presented. These topics seek to 
guide the acquisition of low-cost solutions for 
use in health facilities, with the aim of presenting 
the different methodologies for miniaturization 
of devices and reducing the cost of diagnostic 
kits in molecular assays.

The bibliographic survey of indexed 
publications was conducted using the PUBMED, 
Google Scholar, SciELO, and CAPES Periodicals 
databases. Only publications in English, primarily 
from 2015 to 2025, were included. The keywords 
used in the search were “Amplification”, 
“Infectious Diseases”, “Molecular Diagnostics”, 
“Nucleic Acid”, “Pathogen Detection, “Point-of-
care Testing”, “Electrochemistry”, “Polymerase 
Chain Reation”,	“ L o o p - M e d i a t e d 	
Isothermal Amplification”,	 “Recombinase	
Polymerase Amplification” and “Microfluidic”.

NUCLEIC ACID AMPLIFICATION METHODS 
IN MOLECULAR DIAGNOSTICS
The following section highlights the main 
molecular amplification techniques that 
have been fundamental in molecular 
diagnostics, biomedical research, and various 
biotechnological applications over the past 
decade. Among these methodologies, notable 
examples include both polymerase chain 
reaction (PCR)-based techniques and their 

variations, which have been widely employed 
since their development, as well as newer 
and more innovative methods such as loop-
mediated isothermal amplification (LAMP) and 
recombinase polymerase amplification (RPA). 
These techniques differ in their operating 
principles, equipment requirements, reaction 
time, and sensitivity, enabling their use in 
contexts ranging from laboratories with 
sophisticated infrastructure to field situations 
with limited resources. To understand how nucleic 
acid detection strategies have evolved and how 
they may change in the future, it is essential to 
compare their characteristics.

Polymerase chain reaction (PCR)
Since its invention in the early 90s, the 
polymerase chain reaction (PCR) has become an 
indispensable tool in many fields of molecular 
diagnostics, including the determination of viral or 
bacterial loads in clinical samples, identification 
and quantification of microorganisms in food, 
diagnosis of tumors, gene expression analysis 
and forensic investigations (Khehra et al. 2023).

PCR is the standard method of molecular 
diagnosis recognized by health agencies in 
the detection of pathogens, due to its high 
sensitivity and specificity, especially in cases 
of patients with low antigen concentrations 
and/or low parasitic loads, mixed infections 
and/or in the identification of drug resistance. 
These characteristics are extremely important, 
especially in neglected diseases, and PCR is 
therefore considered as the main tool in the 
process of eradicating these diseases (Snounou 
et al. 1993).

Although several studies have shown that 
conventional PCR has limitations that may affect 
the applicability of the method in the field 
when compared to examinations using light 
microscopes and RDTs (rapid diagnostic tests), 
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PCR has a greater efficiency (Mixson-Hayden et 
al. 2010).

In the traditional PCR method, molecular 
diagnosis is performed by analyzing the sample 
through the electrophoresis technique, after 
a certain number of thermal cycles necessary 
for amplification of the target nucleic acid. 
This method has a wide application due to 
the low cost and simplicity of the diagnostic 
kit and equipment. However, in this process, 
the molecular diagnosis is performed after 
amplification of the target nucleic acid and 
requires a controlled environment to perform 
the amplification reaction in order to avoid 
contamination of the sample. Moreover, in 
this traditional amplification format, it is not 
possible to determine the target concentration 
within the sample, making it a purely qualitative 
methodology.

The PCR process is thermostable. In the 
microtube where the reaction will occur, the target 
DNA, thermostable enzymes such as Taq DNA 
polymerase, triphosphate deoxyribonucleotides 
(dNTPs), the reaction buffer, ionic cofactors 
such as Mg2⁺ and primers are mixed. Primers 
are synthetic primers (sense and anti-sense 
primers), which comprise small DNA sequences 
that must be complementary to the sequences 
of the target nucleic acid to be amplified. The 
thermocycling profile in the amplification of the 
target nucleic acid in the PCR method is divided 
into three steps:

Denaturation – the temperature is raised to 
92/95 °C, and a rearrangement of the nucleic acid 
molecule occurs, resulting in the breakdown of 
the hydrogen bonds that hold the double strand 
together, and exposes the nucleic acid strand to 
the template that is the target nucleic acid to be 
amplified.

Annealing – the temperature is reduced to 
50-65 °C, according to the primers used, allowing 
the hybridization process, and the primers 

(specific oligonucleotides) bind to the nucleic 
acid template in a complementary way. Primers 
cannot anneal to each other, and their annealing 
sites must be sufficiently distant to allow 
subsequent synthesis of new amplifications.

Extension – a temperature increase to 72 °C 
occurs, facilitating the action of the polymerase 
on the nucleic acid. The polymerase extends 
the primers from the 3’ terminus of each primer 
and synthesizes the complementary strands in 
the 5’ to 3’ direction along the template of the 
target nucleic acid. This process generates new 
strands of the target nucleic acid, at around 24 
nucleotides per second, and after 20 cycles or 
more, an order of picograms or nanograms can 
be amplified millions of times (Eisenstein 1990).

The sequence of the steps used to perform 
the molecular diagnosis via the PCR method, 
as well as the thermal profile with the typical 
values of temperature and time, can be seen in 
Figure 1.

Other PCR methodologies have been 
developed to increase reliability and reduce 
the length of time needed for molecular 
diagnosis. Thus, qPCR (quantitative real time-
PCR) stands out for allowing confirmatory 
diagnosis by analyzing the concentration of the 
target pathogen in real time, using one or two 
molecular probes labeled with fluorescence. 
qPCR continuously detects and monitors 
amplicon formation throughout the reaction, 
without the need for further analysis.

In qPCR, nucleic acid sequences can 
be accurately detected in a short time, with 
quantitative and specific results enabled by a 
gene-specific probe that binds within the target 
sequence. The probe is labeled with a fluorescent 
reporter and a quencher, allowing quantification 
of the target based on fluorescence emission. 
Additionally, the risk of cross- contamination 
is reduced, as the reaction occurs in a closed 
tube and does not require post-amplification 
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handling. Therefore, this method allows the 
absolute quantification of infections in clinical 
trials where accuracy is critical (Farcas et al. 
2004, Perandin et al. 2004, Rougemont et al. 
2004, Hu & Hu 2016, Almeida-de-Oliveira et al. 
2019, Artika et al. 2022).

However, to perform quantitative detection 
of the target pathogen, it is necessary to include 
a fluorescent dye in the diagnostic kit, which 
binds to the target nucleic acid according to the 
amplification process, correlating the increase 
in fluorescent signal intensity with the level 
of infection by the pathogen. The inclusion 
of fluorescent dyes increases the cost of the 
diagnostic kit and the most modern methods 

employ RT-qPCR, which makes the cost of the 
diagnostic kit cheaper because it involves 
less manipulation of samples, facilitating the 
preparation of the solution for amplification of 
the target nucleic acid and its quantification, 
even with the inclusion of fluorescent dye (Ho-
Pun-Cheung et al. 2009).

Alternative methods of nucleic acid 
amplification eliminate thermocycling, known 
as isothermal methods, and simplify the 
instrumentation required for the molecular 
assay, but the reagents used in the solution 
are expensive and have their marketing rights 
reserved to specific manufacturers. Despite 
these obstacles that make isothermal methods 

Figure 1. Steps for molecular diagnosis using PCR. (a) collection of the biological sample containing the genetic 
material of interest. (b) PCR reaction preparation, including the main components: template DNA, primers, 
nucleotides and DNA polymerase. (c) amplification of the DNA in the thermocycler, following three main steps: (1) 
denaturation: the double-stranded DNA is heated to a temperature of 92/95 ºC (2) annealing of the primers and (3) 
extension of the new DNA strand.
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more costly, many laboratories have invested 
in the development of kits for amplification 
of nucleic acids via these methods. In the 
development of POCT tools, isothermal 
methods allow the use of heating systems that 
require simpler electronic circuits, facilitating 
miniaturization and reducing the final cost of 
the device. However, the WHO (World Health 
Organization) recognizes isothermal methods 
as valid methodologies in molecular diagnosis 
only in specific cases, such as tuberculosis 
(Isaiah et al. 2024). However, the efficiency of the 
LAMP (loop-mediated isothermal amplification) 
methodology in the determination of pathogens 
has been demonstrated by several research 
groups (Glökler et al. 2021).

The LAMP nucleic acid amplification method 
is the most studied among the isothermal 
methods, especially in the detection of 
neglected tropical diseases (Garg et al. 2022). 
The description of the LAMP method for nucleic 
acid amplification is presented below.

Loop-mediated isothermal amplification 
(LAMP)
Assays based on the LAMP method and other 
similar methods of isothermal amplification 
have recently emerged as alternatives to PCR, 
due to simplifications in the constructive 
requirements of the equipment. Although these 
methods still have limited multiplexing capacity, 
due to the complex steps required to prepare 
the samples, the amplification of nucleic acids 
occurs at constant temperature, in the case of 
the LAMP method around 62 °C to 65 °C (Cook et 
al. 2015, Zhao et al. 2015).

LAMP is characterized by amplification of the 
target sequence at a constant temperature of 60–
65 °C using the Bst polymerase enzyme, which 
is capable (through a mechanism not yet fully 
understood) of performing strand displacement, 
separating the DNA duplex and displacing the 

upstream strand during DNA synthesis. This 
activity allows elongation to continue without the 
pause caused by the 5’ end of the DNA (Notomi 
et al. 2000, Oscorbin & Filipenko 2023). Between 
four and six different primers are used, which 
are specifically designed to recognize six to eight 
distinct regions of the target gene. The forward 
inner primer (FIP) consists of two regions: F2, 
located at the 3’ end, and F1c, at the 5’ end. The 
F2 region is complementary to the F2c region 
of the target sequence (fitting together like a 
zipper), while F1c is identical to the F1c region of 
the target sequence. The forward outer primer 
(FOP or F3) contains only the F3 region, which is 
complementary to the F3c region of the target 
sequence. This primer is shorter and used at 
a lower concentration than the FIP. Similarly, 
the backward inner primer (BIP) is composed of 
the B2 region (at the 3’ end) and the B1c region 
(at the 5’ end). The B2 region is complementary 
to the B2c region of the target sequence, while 
the B1c region is identical to the B1c region 
of the target sequence. Finally, the backward 
outer primer (BOP or B3) contains the B3 region, 
which is complementary to the B3c region of 
the target (Notomi et al. 2000). The nucleic acid 
amplification sequence using the LAMP method 
can be seen in Figure 2.

Since its first description, the LAMP 
technique has proven to be a highly sensitive and 
rapid method, and has become a forerunner in 
isothermal molecular diagnostic technology for 
pathogen identification (Mori et al. 2001, Oriero et 
al. 2015). The molecular diagnosis using the LAMP 
technique meets the requirements of sensitivity 
and specificity in the investigation of pathogens, 
allowing different formats and variants of 
assays such as RT-LAMP (reverse transcription 
loop-mediated isothermal amplification), which 
uses the reverse transcriptase enzyme to create 
a complementary DNA molecule from an RNA 
sequence, and multiplex LAMP, which is capable 
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of detecting multiple genes in a single assay using 
a set of primers or a combination of primers and 
probes, which seek to reduce cost and time in 
the amplification of the target nucleic acid (Agel 
& Altın 2024, Jang et al. 2021, Talap et al. 2022). 
The LAMP technique also presents satisfactory 
results in identifying the concentration level 
of the target pathogen via different detection 
systems, as can be seen in the studies presented 
by several research groups (He et al. 2020, Yu et 
al. 2022, Papadakis et al. 2022). 

Nonetheless, the temperature required for 
molecular diagnosis in the LAMP method is 
still considered high, requiring robust thermal 
systems to maintain the temperature level of the 
amplification of the target nucleic acid stable 
during the assay, as temperature variation can 

cause errors in molecular diagnosis. Therefore, 
isothermal methods with amplification of the 
target nucleic acid close to room temperature 
can facilitate the development of POCT tools.

Among these methods, RPA (recombinase 
polymerase amplification), which occurs around 
40 °C, has been presented as the main option 
in the development of new POCT tools using 
molecular diagnostics (Liu et al. 2024b). The 
following is a description of the RPA method 
used in the amplification of nucleic acid.

RPA - Recombinase polymerase amplification
The RPA method performs the amplification of 
nucleic acids through an isothermal profile close 
to room temperature, between 37 and 45 °C, and 
variations of +/- 1 °C do not influence the result 

Figure 2. LAMP amplification mechanism. The FIP and BIP primers initiate DNA synthesis. This mechanism results 
in the formation of loop structures (F-loop and B-loop), which serve as targets for cyclic amplification. Exponential 
amplification occurs continuously, generating multiple copies of the DNA in loop structures.
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of the molecular diagnosis. The preparation of 
the solution for sample analysis can be carried 
out simply and the RPA method is capable of 
amplifying a low number of copies, such as 1 to 
10 copies of the target nucleic acid in less than 
20 minutes.

This method can be applied to amplify 
diverse targets such as RNA, miRNA, ssDNA and 
dsDNA from a wide variety of organisms and 
samples. The RPA amplification process begins 
when the recombinase protein binds to primers 
to form a recombinase-primer complex (Lobato 
& O’Sullivan 2018).

The resulting complex searches for 
homologous sequences in double-stranded 

DNA and, by identifying them, promotes the 
invasion of the strand by the primer at the 
cognate site. To prevent ejection of the inserted 
primer, the displaced DNA strand is stabilized 
by SSB proteins (single-stranded DNA-binding 
proteins) (Li et al. 2018). The recombinase 
then detaches from the DNA filament, leaving 
the 3’-OH end of the primer free and accessible 
for DNA polymerase to initiate synthesis. The 
cyclic repetition of this process results in 
exponential amplification (Figure 3a). In the RPA 
method, amplification can be performed in solid 
phase, solution phase, as well as in a bridged 
amplification format.

Figure 3. Amplification by RPA and its different application platforms. (a) mechanism of amplification by RPA 
resulting in amplification of double-stranded DNA. (b) platform based on solid phase amplification, in which 
microplates or membranes and modified primers are used for the detection of target DNA. (c) platform based on 
solution-phase amplification in which amplification occurs in a liquid medium, using free reagents to facilitate 
the reaction. (d) platform based on bridge amplification using immobilized primers that interact with the target 
DNA, commonly used with other technologies.
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In solid phase RPA, a modified primer 
is covalently bonded to a solid surface. This 
amplification format has the inherent advantage 
of being highly adaptable to multiplexed 
amplification, particularly when detection is 
facilitated by the surface on which amplification 
occurs, for example, microplates, membranes, 
electrodes, plastic slides and glass slides, among 
others (del Río et al. 2017) (Figure 3b).

The solution-phase RPA is the traditional 
format of the technique, in which the entire 
reaction takes place in solution, i.e., the primers, 
the recombinase enzyme, the SSB protein, the 
DNA polymerase and the target DNA are all 
mixed in the same liquid medium, without any 
immobilized components (Lobato & O’Sullivan 
2018) (Figure 3c).

In the bridge amplification format, both the 
forward and reverse primers are immobilized 
forming a type of “bridge” as the polymerase 
extends the strand and the new strand bends. 
Bridged amplification also has the potential 
for multiplexed amplification and several 
approaches can be explored to improve the 
attainable detection limit (Santiago-Felipe et al. 
2016) (Figure 3d).

RPA has already been successfully 
integrated with different detection strategies, 
from endpoint lateral flow strips to real-time 
fluorescent detection (Lobato &O’Sullivan 
2018). Other isothermal methods that present 
promising data in molecular assays are helicase- 
dependent amplification (HDA), nucleic acid 
sequence-based amplification (NASBA), 
rolling circle amplification (RCA) and multiple 
displacement amplification (MDA), which 
basically use different reagents and temperature 
levels to detect and quantify the target pathogen 
(Zanoli & Spoto 2012). The amplification method 
of the target nucleic acid represents the main 
role in molecular diagnosis, but the pathogen 
detection technique represents a critical point 

in determining the type of infection, the level 
of infection and the optimal treatment to the 
patient, according to the analyzed sample. 
Therefore, in the development of POCT tools, 
the detection system must be reliable and have 
high sensitivity and specificity, using robust 
electronic components and easy integration 
and miniaturization, in order to reduce the 
possibility of human error in the execution of 
the method and availability of the result. In this 
sense, we present below the main detection 
systems applied in molecular diagnostics.

DETECTION SYSTEMS IN 
MOLECULAR DIAGNOSTICS
The detection system represents one of the 
main challenges in the development of POCT 
tools due to the complexity in the integration 
between the components of the heating system 
and the realization of the determination and 
quantification of pathogen infection during or 
shortly after molecular assays for amplification 
of the target nucleic acid. In this section of the 
review, the detection systems currently applied 
in molecular diagnostics and under development 
for application in POCT tools will be described.

Molecular diagnostics via electrophoresis in 
POCT tools
Electrophoresis is the detection system used 
for the determination of the pathogen in 
the amplification of the target nucleic acid 
via the conventional PCR method. Agarose 
gel electrophoresis is considered one of the 
cheapest and simplest techniques to use, and it 
consists of separating the target DNA according 
to its number of base pairs in an agarose matrix. 
By adding a dye or an intercalating agent such as 
ethidium bromide (EtBr), these fragments can be 
visualized under ultraviolet light (Wittmeier & 
Hummel 2022).



VALTEMAR F. CARDOSO et al.	 POINT-OF-CARE TOOLS AND NUCLEIC ACID ASSAYS

An Acad Bras Cienc (2026) 98(1)  e20250565  9 | 29 

Although gel electrophoresis is a highly 
reliable detection technique, its application in 
POCT tools is considered unfeasible due to its 
prolonged analysis time, the need for specialized 
equipment, the limitations in resolution, and its 
use of potentially hazardous reagents (Valones 
et al. 2009).

Thus, in the search for the development 
of rapid, portable and automated tests, 
microcapillary electrophoresis (µCE) was 
developed, especially considering its application 
in microfluidic cartridges, which makes the 
application of electrophoresis viable for the 
development of POCT tools (Nguyen et al. 2022). 
POCT tools that use the µCE in the detection 
system require a contrast substance to be added 
in the diagnostic kit, allowing one to obtain an 
adequate performance in the detection of the 
pathogen and quantification of the infection 
after the amplification step of the target nucleic 
acid.

Because their application has been validated 
in molecular diagnostic kits, fluorescent dyes are 
the main choice for use in POCT tools with µCE 
detection. However, the detection system must 
contain the optical components necessary to 
perform the fluorescence intensity reading and 
the components to apply the electrical potential 
necessary for the band pairs of the nucleic acid, 
which has a negative charge, to be displaced in 
the microfluidic cartridge in the region of the 
agarose gel.

Fluorescence is the technique applied 
in current qPCR equipment and there are 
already commercial POCT tools using this 
detection system in molecular diagnostics, but 
they still need improvements to achieve high 
reliability (Petralia & Conoci 2017). The following 
fluorescence detection systems and their 
application in POCT tools are described.

Molecular diagnostics via fluorescence spec-
troscopy in POCT tools
Fluorescence spectroscopy is a type of 
electromagnetic spectroscopy that analyzes 
the sample based on its fluorescent properties. 
The fluorescence detection system performs 
the analysis by emitting a beam of light with a 
fixed wavelength, which excites the electrons in 
the sample, and the luminescence generated by 
the decay of the excitation energy is directed 
to a filter and to a detector, whereby the 
measurement and identification of changes in 
the sample occur through the graph of intensity 
versus emission wavelength (Nath et al. 2023).

In the fluorescence detection system, the 
emission wavelength is fixed and the excitation 
and absorption spectra are specific, allowing 
an observation analogous to the absorbance 
spectrum, but much more sensitive in terms of 
detection limits and molecular specificity (Xu 
et al. 2021). For this reason, the fluorescence 
detection system in molecular diagnostics is 
considered complex, because the source of 
excitation of the electrons in the sample to 
be analyzed needs high energy at wavelengths 
close to the maximum absorption wavelength 
of the fluorescent dye used in the diagnostic kit 
(Guo et al. 2014, Buultjens et al. 2021).

In molecular diagnostics, the observation 
of the increased concentration of the pathogen 
during amplification of the target nucleic acid 
is carried out by increasing the intensity of 
the fluorescence peak. To obtain this type of 
response in molecular diagnostics, it is necessary 
that a fluorescent molecule be inserted into the 
nucleic acid amplification kit, which are usually 
fluorescence dyes such as SYBR green and EVA 
green or a fluorogenic probe, such as TaqMan 
(Koo et al. 2021).

Currently, only fluorescence spectroscopy 
detection systems are applied to qPCR, which is 
the only real-time molecular diagnosis approved 
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by regulatory bodies (Ma et al. 2021a). Figure 
4 presents a fluorescence detection scheme 
for analysis of the concentration of the target 
pathogen in molecular diagnostics.

However, considering the high costs 
and complexity of the diagnostic kit and 
the fluorescence detection system for the 
development of POCT tools, colorimetry systems 
present themselves as an interesting option 
and are easy to adapt to existing systems. Prices 
in Brazil for fluorescent probes for qPCR, for 
example, can be around USD 276, while a vial of 
reagent for performing a colorimetric reaction 
may cost less than USD 92 (these prices can be 
verified directly with companies specializing 
in the sale of these reagents), which allows a 
much greater number of assays to be performed. 

In the next section, the colorimetry detection 
system applied to molecular diagnostics for the 
development of POCT tools will be described.

Molecular diagnostics via colorimetry in POCT 
tools
Colorimetry is the measurement of the wavelength 
and intensity of electromagnetic radiation in the 
region of the visible spectrum. This is extensively 
applied for the identification and determination 
of concentrations of substances that absorb 
light. Colorimetric analysis is a method for 
determining the concentration of a chemical 
element or chemical compound in a solution 
with the aid of a color reagent, and is applicable 
to both organic compounds and inorganic 

Figure 4. Fluorescence detection in molecular diagnostics. (a) the laser emits light that passes through a collimator 
lens and an excitation filter before reaching the sample. The light emitted by the sample passes through an 
emission filter and a condensing lens before being detected. b) steps of the qPCR process.
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compounds and can be used with or without an 
enzymatic step (Jaroenram et al. 2022).

The colorimeter, also known as a 
spectrophotometer, is an analytical system 
in which specific solutions absorb a certain 
wavelength of light emitted through the sample 
as a way of calculating the concentration 
of a solution via the Beer-Lambert Law. The 
spectrophotometer can determine the intensity 
or, more precisely, the wavelength of light as a 
function of color by measuring the amount of 
light reflected through the sample, according 
to the diagnostic kit and the wavelength 
used by the emitting source (Lim et al. 2019). 
This process, known as absorbance, is a unit 
measure of the amount of light passing through 
a given volume of liquid, the distance between 

the specific wavelength emitter and the detector 
must be fixed, as well as the volumetric area 
of the solution to be analyzed. The accuracy of 
the detector is related to its reading capacity, 
in frequency or voltage level, and the applied 
converter circuits (Eom & Dasgupta 2006, Gong 
et al. 2009).

In the molecular diagnostic kit, dyes with 
the ability to change color according to the 
amplification of the target nucleic acid should 
be added, such as hydroxynaphthol blue (HNB) 
dyes changing the color from violet to blue, 
phenol red (PSP) changing the color from pink to 
yellow, and neutral red (NR) changing the color 
from orange to pink. The steps and process for 
performing molecular diagnosis by colorimetry 
are represented in Figure 5. Currently, detection 

Figure 5. Detection via colorimetry in molecular diagnostics. (a) sample collection and DNA extraction. (b) 
amplification process of the target nucleic acid. (c) use of indicator dyes to monitor the presence of the target 
pathogen and its concentration.
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using the colorimetric technique is more often 
applied to the LAMP methods of molecular 
diagnosis; however, many studies have been 
developed using the PCR method (Lau et al. 
2015).

Fluorescence and colorimetric detection 
systems perform an indirect measurement of 
the sample. In order to develop a technology 
for the direct detection and analysis of nucleic 
acid amplification of the target in the diagnostic 
kit solution in POCT tools, the electrochemical 
detection system has emerged as a promising 
alternative. Detection via electrochemistry allows 
integration with the thermal transfer system in 
a more appropriate way, which is less costly 
to manufacture and easy to handle. Therefore, 
the electrochemical detection system allows a 
direct reading of the sample, and the use of 
redox species, for addition in the diagnostic 
kit solution. Compared to the dyes used in 
fluorescence detection systems and colorimetry, 
these have a lower cost. The following 
developments of electrochemical techniques in 
detection systems for the development of POCT 
tools are described.

Molecular diagnostics via electrochemical 
techniques in POCT tools
Electrochemistry is one of the main areas 
of analytical chemistry, and involves the 
measurement of electrical properties under 
conditions that, directly or indirectly, allow 
an association between the magnitude of the 
measured property and the concentration of 
certain specific chemical species (Hilt 2020).

Electroanalytical methods are a class 
of techniques that make use of measurable 
electrical properties such as electric current, 
differences in potential and the accumulation 
of interfacial charges from phenomena in which 
a redox species interacts physically and/or 
chemically with the solution under analysis (Lee 

et al. 2003, Zhang et al. 2011, Sousa-Pereira et al. 
2013, Zhou et al. 2023).

In the development of molecular diagnostic 
kits coupled to an electrochemical detection 
system, it is necessary to use an intercalating 
probe, which binds to the target nucleic acid. As 
nucleic acid amplification occurs, it is possible 
to register changes in electrical properties which 
are related to the level of infection by the 
pathogen (Amor-Gutiérrez et al. 2020).

The main non-specific electroactive 
mediators for nucleic acid detection of the target 
can be transition metal complexes, for example, 
osmium and ruthenium or organic species such 
as methylene blue and Hoechst 33258, which are 
cheaper than the dyes used in fluorescence or 
colorimetric detection systems (Kobayashi et al. 
2004).

Redox intercalating probes have an 
important analytical role in electrochemical 
measurements, whereby in the absence of 
the target they must provide a stable baseline 
response, and in the presence of the target provide 
detectable variations in signal amplitude. The 
amplicon (nucleic acid amplification reaction 
target) performs a binding interaction with the 
redox intercalating probes, and the molecules of 
the probe are freely ionized in solutions and are 
available for electrocatalysis. In other words, 
as amplification occurs, the amplicons that 
are produced bind to the intercalating probes, 
forming an electrochemically inactive probe- 
amplicon complex, which reduces the electric 
current values (Chen et al. 2019).

However, the concentration of the 
redox species applied in the development 
of the diagnostic kit for detection through 
electrochemical systems is a critical point, since 
the relationship of greater response of the 
electrochemical signal must be found without 
inhibiting the amplification process of the target 
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nucleic acid, due to the excess intercalating 
probes (Moreau et al. 2017).

Qualitative or quantitative responses of 
a given analyte in electrochemical systems 
are observed when controlled perturbations 
are applied, such as, for example, a potential 
difference between the electrodes of the 
electrochemical cell to analyze the chemical 
reactivity of a surface or a solution. The 
electroanalytical signals can be related to some 
intrinsic chemical parameter of the species 
through the measurement of the potential 
difference or current related to the analyte in 
an electrochemical cell (Goda et al. 2015, Henihan 
et al. 2016, Tsaloglou et al. 2018).

The oxidation-reduction reactions are 
controlled and measured in the electrochemical 
cell in an electrolytic medium by a potentiostat. 
One of the main electrochemical techniques 
of direct measurement in the solution is 
voltammetry, which applies a potential scan, 
whose range depends on the redox species 
used, and the electrochemical cell can be 
composed of a system of three electrodes. In 
practical terms, this method is non-destructive, 
since only a very small amount of the analyte is 
consumed on the two-dimensional surface of 
the working electrodes and counter electrode 
(Rosario & Mutharasan 2014, Santhanam et al. 
2020, Nunez-Bajo et al. 2020).

Voltammetry performs the kinetic and 
thermodynamic analysis of electron addition 
(reduction) and electron loss (oxidation), which 
can be observed through different types of 
potential applied by the potentiostat, such 
as linear scanning voltammetry (LSV), cyclic 
voltammetry (CV), differential pulse voltammetry 
(DPV) and square wave voltammetry (SWV). 
The most used technique in the development 
of detection systems using electrochemistry 
in molecular diagnostics is cyclic voltammetry, 
which permits the study of the redox properties 

of compounds and interfacial structures in 
solution (Shah et al. 2013, Temerk et al. 2015, 
Radi et al. 2013).

The structure of POCT tools for molecular 
diagnosis using the electrochemical detection 
system can be seen in Figure 6.

Yeung et al. (2006) were the first to 
demonstrate the possibility of electrochemically 
monitoring the amplification of target nucleic 
acid via the PCR method. The strategy was based 
on the immobilization of a redox-labeled base 
on the surface of the working electrode, where 
the electrochemical detection system performed 
the analysis of the amplification process of the 
target nucleic acid in molecular diagnostics 
using the solid phase PCR method. However, 
this approach showed little detection efficiency 
after amplification of the target nucleic acid, 
obtaining a linear signal growth, instead of an 
exponential one, as expected by the PCR method. 
Therefore, the detection of low concentrations 
in the ng/L range was not possible, even with 
the immobilization of target pathogen receptor 
probes on the working electrode, hindering 
its application in complex fluid matrices such 
as target nucleic acid amplification solutions 
(Attoye et al. 2021, Bukkitgar et al. 2021).

Despite the fact that the modification of the 
surface of the working electrodes allows one 
to increase the selectivity to a specific part of 
the pathogen, during amplification of the target 
nucleic acid, the accumulation of the analyte 
occurs in the receptor probes, which are kept 
attached to the electrode by covalent bonds, 
ion exchange and other electrostatic bonds. 
As in every adsorption process, the amount of 
analyte accumulated on the electrode surface 
is a function of many factors, such as solvent, 
electrode material, ionic strength, pH, mass 
transport, potential or temperature, making 
it extremely difficult to obtain a reproducible 
process in detecting specific parts of a 
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particular pathogen (Martin et al. 2016). Since 
the modification of the working electrode is 
a procedure that involves the formation of a 
surface layer, the loss of linearity at relatively 
high concentrations (around 10-6 mol L-1) is 
common (West 2020, Han et al. 2022, Safitri et 
al. 2022).

The process of immobilizing a redox-
labeled base on the surface of the working 
electrode is quite laborious and this process 
can cause phenomena such as memory effects 
or instability in the electrodes during the 
amplification process of the target nucleic acid, 
restricting the number of measurements. In 
other words, the adsorption saturation of the 
target nucleic acid on the surface of the working 

electrode forms a passivation layer, limiting the 
measurement capability of the detection system 
to a few cycles of oxidation reduction (Barek 
2021).

As an alternative strategy for reducing the 
influence of the modification of the working 
electrode, an electrochemical detection 
process was developed based on reading the 
polymerization of the target nucleic acid in 
the solution instead of using the surface of 
the working electrode (Yeung et al. 2007). In 
this alternative method, the electrochemical 
detection is performed through the exponential 
consumption of free nucleoside triphosphate 
during the PCR reaction, being possible to 
monitor the DNA amplification in each PCR 

Figure 6. A system of detection by electrochemical techniques in real time. a) amplification occurs in an electrode 
connected to a potentiostat. b) in real time, the system monitors the amplification of DNA by means of a redox 
test.
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cycle in a multiplexed array of hermetically 
sealed electrochemical cells, with a volume of 
less than 50 µL of PCR solution per cell, allowing 
one to obtain a complete kinetic curve of the 
amplification cycles of the target nucleic acid. 
The principle of electrochemical detection of 
exponential consumption of free nucleoside 
triphosphate is analogous to that of fluorescent 
intercalant detection of ds-DNA, except that the 
signal from the redox intercalator is decreased 
exponentially as the amount of the amplified 
target nucleic acid increases with the number 
of PCR cycles. However, compared to fluorescent 
qPCR, the electrochemical strategy showed 
lower sensitivity and specificity (Deféver et al. 
2009). Therefore, to overcome these limitations, 
Deféver et al. (2011) proposed an alternative 
strategy based on the use of a DNA intercalating 
redox probe, Os[(bpy) (2) DPPZ](2+), which 
after binding to double-stranded DNA (ds-DNA) 
becomes electrochemically detectable and has 
less effect of inhibiting the amplification process 
of the target nucleic acid via the PCR method.

This methodology is comparable to qPCR 
based on optical detection, offering the same 
advantages as fluorescent qPCR using SYBR 
green, but with the additional advantage of 
presenting a lower cost in the development 
of the diagnostic kit and being simpler to 
integrate into miniaturized systems, such as in 
the microchip platform and or in microfluidic 
cartridges. However, the electrochemical reaction 
is a thermodynamic process and PCR methods 
use different temperature levels during the 
amplification cycles of the target nucleic acid, 
causing significant disturbances in the diffusion 
coefficient, i.e., change in the adsorption rate 
of the target probe on the working electrode, 
causing a change in the rate of consumption of 
free nucleoside triphosphate.

In this case, the LAMP method presents 
itself as an interesting alternative, since the 

amplification reaction of the target nucleic acid 
is carried out by an isothermal profile, which 
eliminates the problem of disturbances in the 
diffusion coefficient on the working electrode, 
which are caused by thermal instabilities 
during measurements. This allows one to 
obtain satisfactory results through real-time 
electrochemical detection with analytical 
performance that is comparable to those 
obtained in real-time fluorescence LAMP and 
real-time fluorescence PCR (Martin et al. 2016, 
Marangoni et al. 2023).

The application of CRISPR in diagnostic kits 
has shown great potential for increasing the 
performance of pathogen detection in several 
nucleic acid amplification methods and using 
different real-time detection systems (Dong et al. 
2023, Mendes et al. 2024, Hassan et al. 2025).

Recently, the ability to detect with a high 
level of specificity and the ability to detect 
low levels of infection using CRISPR/Cas with 
electrochemical systems for detection without 
immobilization of the receiving probe on the 
working electrode has been observed (Zhou et 
al. 2023, Carlo et al. 2024, Lakshmanan & Liu 
2025).

However, the cost is still higher than the 
standard diagnostic kits of the qPCR method. 
Immobilization of the receiving probe on the 
working electrode represents an important 
tool in the selectivity of molecular diagnostics 
using electrochemical detection systems. 
In this process, electrochemical impedance 
spectroscopy (EIS) is the technique used for the 
analysis of interfacial properties related to bio-
recognition events that occur on the electrode 
surface, such as antibody-antigen recognition, 
substrate-enzyme interaction or capture of 
whole cells (Magar et al. 2021).

In electrochemical impedance spectroscopy, 
an alternating current signal of small 
amplitude scans an electrochemical cell over 
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a wide frequency range, permitting the study 
of capacitive, inductive and diffusion processes 
that occur in the electrochemical cell (Lim et al. 
2021, Biswas et al. 2022). Thus, EIS is considered to 
be the main tool in the evaluation of selectivity 
in the recognition of the target pathogen in 
electrochemical sensors applied in molecular 
diagnostics (Lopes et al. 2022).

Therefore, despite the difficulties presented, 
the electrochemical detection system is the most 
suitable system for performing direct monitoring 
of the solution during the amplification process 
of the target nucleic acid quantitatively in real 
time, and the simplest technique to obtain 
a molecular diagnostic microchip in the 
development of portable POCT tool (Safavieh et 
al. 2016, Tsaloglou et al. 2018, Shabani et al. 2020, 
Tamiya 2022).

Electroanalytical techniques are promising 
as alternatives aimed at achieving this goal, 
since they require minimal instrumentation, low 
energy consumption and electrochemical cells 
can be easily integrated through microelectronic 
processes or other printing techniques in 
miniaturized format, together with the reservoirs 
or reaction chambers where the molecular 
diagnostic solution must be contained. Below, 
we present some formats and applications of 
microfluidic systems that use electrochemical, 
fluorometric or colorimetric detection, each with 
specific advantages in sensitivity, specificity, 
multiplexing, simplicity and cost, thus allowing 
adaptation to different diagnostic and 
monitoring scenarios.

MINIATURIZATION AND MICROFLUDICS
Portable molecular diagnostic POCT tools 
require the incorporation of sample preparation, 
reaction and detection into small and accessible 
platforms. Therefore, the main miniaturization 
strategy is based on functional integration 

through microfluidics, which allows the use of 
reduced volumes and low energy consumption 
(John & Price 2014, Sachdeva et al. 2021). The 
three structural concepts of microfluidics in 
molecular diagnostics are reaction chambers, 
continuous flow and droplets (Ma et al. 2021b, 
Vladisaljević 2024, Dorfman et al. 2005).

Microfluidic reaction chamber structures 
(Figure 7b) allow the use of small volumes, 
the integration of dry reagents, and easy 
incorporation of optical or electrochemical 
detection systems; however, they present 
limitations in high-throughput applications or 
those requiring efficient reagent mixing (Wong 
et al. 2024, Cai et al. 2023, Damiati et al. 2022, 
Nguyen et al. 2024, Mendes et al. 2019).

Continuous flow is applied in sequential 
steps of sample preparation or purification, but 
its use in ultracompact systems is limited due 
to the complexity of flow and mixing control 
(Hernández-Neuta et al. 2018, Kwon et al. 2019, 
Wang et al. 2021).

In droplet microfluidics, each droplet acts 
as a microreactor, making it ideal for detecting 
rare events in high-throughput assays, such as 
digital PCR (dPCR); however, it requires precise 
fluid control and the integration of sophisticated 
optical modules (Wei et al. 2022, Abate et al. 
2013, Cui et al. 2017). The choice between 
droplet microfluidics, continuous flow, reaction 
chambers, or hybrid structures depends on the 
diagnostic application, sensitivity requirements 
and processing rate, as well as practical factors 
such as cost and ease of use.

The manipulation of small volumes allows 
extremely rapid heating and cooling rates 
through the use of thick-film heaters, printed by 
screen printing, combined with thermoelectric 
coolers (TEC) in the thermal control system, 
significantly reducing nucleic acid amplification 
time, despite the complexity of integrating 
these components into the system (Dong et 
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al. 2021, An et al. 2023, Sun et al. 2024). Thin-
film deposition technology enables on-chip 
integration of the thermal control system, which, 
when combined with heat sinks and forced-air 
flow systems, enhances heat dissipation during 
device operation (Dos-Reis-Delgado et al. 2023, 
Veltkamp et al. 2020).

The detection system integrated into 
miniaturized platforms for molecular diagnostics 
varies according to factors such as sensitivity 
and cost. Fluorescence detection offers high 
sensitivity but requires more complex optical 
systems compared to colorimetric detection, 
which is better suited for quantitative and semi-
quantitative tests (Fang et al. 2022, Măriuţa et al. 

2020, Wu et al. 2022). Electrochemical detection 
is low cost and is compatible with on-chip 
integration without the need for external devices, 
unlike optical detection systems (Marchlewicz 
et al. 2020). A schematic representation of 
miniaturized POCT devices can be seen in Figure 
7.

An ideal miniaturized POCT system should 
incorporate a polymeric microfluidic cartridge 
with integrated reaction chambers, potentially 
including paper elements for sample preparation 
and capillary-driven flow generation (Chu et al. 
2025, Cinti et al. 2018, Mahardika et al. 2023). 
However, hybrid approaches, which combine 
different miniaturization strategies, show 

Figure 7. Schematic representation of an integrated platform for molecular POCT based on nucleic acid 
amplification via microfluidics. (a) Biological material containing pathogens is collected and the sample is 
processed and purified; then, nucleic acids are amplified in an integrated platform with a temperature control 
system and a detection system. (b) Main microfluidic concepts in molecular diagnostics: reaction chambers, 
continuous flow and droplet-based systems. (c) Nucleic acid amplification methods with applicable temperature 
control systems for PCR, LAMP and RPA. (d) Detection mechanisms that can be integrated into the platform: 
fluorescence, colorimetric detection and electrochemical detection.
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promising results in CFD (computational fluid 
dynamics) simulations and are likely to be the 
most promising for the next generation of POCT 
devices (Waqas et al. 2024).

Over the past five years, several studies have 
aimed at developing microfluidic platforms for 
molecular pathogen detection, as summarized in 
Table I. In this table, a predominance of articles 
targeting SARS-CoV-2 can be observed, due to 
the pandemic caused by this pathogen, which 
began in 2020.

Additionally, from the analysis of Table I, it is 
possible to conclude that studies more frequently 
employed the microfluidic reaction chamber 
approach combined with fluorescence detection, 
likely because these strategies are already 
well established for new molecular detection 
platforms. However, although most studies used 
PCR as the amplification methodology, a similar 
number of articles employed LAMP, probably 
because LAMP has fewer thermal requirements, 
being an isothermal technique.

Within the articles reviewed in the 
aforementioned table, different detection 
limits were reported for each of the developed 
diagnostic platforms, showing, for example, 
ranges from 10⁴ to 500 copies/mL for virus 
detection (Wang et al. 2024, Liu et al. 2024c). In 
bacterial detection, the lowest detection limit 
reported was 25 bacteria (Xiao et al. 2024).

Thus, the selection of microfluidic strategies 
and detection methods directly affects the 
sensitivity of POCT platforms. This is essential 
for achieving detection limits that meet clinical 
requirements, especially in situations of early 
diagnosis and monitoring of pathogens with low 
viral loads.

CONCLUSIONS
In this review, the main nucleic acid amplification 
methods and detection systems applicable to 
the development of POCT tools were presented 
and discussed. The growing demand for fast, 
accurate, sensitive and affordable POCT tools 
in regions with limited infrastructure drives 
innovation in this field. PCR-based methods 
and their variants remain the gold standard, 
but isothermal methods such as LAMP and 
RPA gain prominence for allowing simpler 
operation and potential miniaturization. Among 
detection systems, fluorescence is the most 
widespread system in laboratory applications, 
while colorimetry offers an accessible means 
of visualization, especially in rapid screening 
contexts.

Electrochemistry, in turn, emerges as a 
promising alternative for POCT applications, as 
it combines sensitivity, low energy consumption 
and ease of integration with microfluidic 
platforms. Despite the advances, important 
challenges remain, such as the need to 
standardize protocols, reduce reagent and 
device costs, increase field robustness, and 
improve selectivity and sensitivity in complex 
arrays. Electrochemical techniques, although 
less used, have proven themselves to be 
increasingly viable, especially when combined 
with strategies such as the use of intercalating 
redox species, microchip platforms and CRISPR-
based systems.

Thus, the convergence between isothermal 
amplification, electrochemical detection and 
microfluidic integration technologies represents 
a promising direction for the advancement 
of POCT tools. The development of modular, 
reproducible, scalable and low-cost devices 
is the key to making decentralized molecular 
diagnostics a viable reality on a large scale.
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Table I. Summary of the studies from the past five years that aimed at developing molecular amplification assays for pathogen detection 
using microfluidic strategies.

Technology

Amplification 
method

Microfluidic approach Detection method

Sensitivity
Clinical 

applicability
Main advances Reference

RPA LAMP PCR
Continuous 

flow
Chamber 

type
Droplet-

based
Fluorescence Colorimetric Electrochemistry

Volumetric, 
Microfluidic 

Plasmonic RT-PCR
X X X

10e3 copies/
mL

SARS-CoV-2

Present a volumetric 
microfluidic plasmonic 

RT‑PCR system that 
exploits plasmon-
induced heating to 

dramatically speed up 
thermal cycling and 

enhance nucleic acid 
detection sensitivity

Chellani et al. 
(2025)

Stick-and-test 
tape-based devices

X X X
10 copies/

μL
SARS-CoV-2

Report a tape-based 
diagnostic platform 

that integrates simple 
sample processing with 
isothermal amplification 

to enable rapid, 
low-cost SARS‑CoV‑2 

detection at the point 
of care

Estrela et al. 
(2025)

Single-layer 
radially 

compartmentalized 
paper chip for 

rapid isothermal 
multiplex detection

X X X
10 copies/

µL
SARS-CoV-2

Propose a 
single‑layer, radially 
compartmentalized 

paper chip (RCP‑Chip) 
that enables rapid, 

isothermal multiplex 
detection of SARS‑CoV‑2 

gene targets in a 
low‑cost, user‑friendly 

format

Sukumar et 
al. (2025)

Deep learning-
enhanced 

hand-driven 
spatial encoding 

microfluidics

X X X

5 × 10e11 M 
for HPV 

6/16/18 and 
1 × 10e10 M 
for HPV 11

HPV

Combine deep learning 
with a hand‑driven 

spatial encoding 
microfluidic platform 
to enable at-home, 

multiplexed molecular 
testing with enhanced 

diagnostic accuracy

Zhang et al. 
(2025)
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Microfluidic LAMP 
and real-time 

fluorescence assay
X X X

10e3 to 10e4 
copies/mL

Influenza A(H1N1), 
Mycoplasma 
pneumoniae, 
respiratory 

syncytial virus 
type A, and SARS-

CoV-2

Demonstrate a portable 
microfluidic device that 
couples loop‑mediated 
isothermal amplification 

with real‑time 
fluorescence to 

simultaneously detect 
four respiratory 

pathogens in a compact 
format

Liu et al. 
(2024a)

Microchip-based 
device using 
sandblasting 

technique

X X X
500 copies/

mL
SARS-CoV-2

Introduce a cost-
effective microchip 

fabricated via 
sandblasting that 
achieves real‑time 

multiplex PCR detection 
with high sensitivity and 

rapid turnaround

Liu et al. 
(2024c)

Droplet digital 
molecular beacon-

LAMP assay via 
pico-injection 

for ultrasensitive 
detection of 
pathogens

X X X

9 copies/μL 
in a model 

plasmid 
containing 
the malB 
gene and 
3 CFU/μL 

in a spiked 
milk sample.

Escherichia coli

Introduce a droplet 
digital molecular 

beacon‑LAMP assay 
via pico‑injection that 
achieves ultrasensitive, 
quantitative detection 
of pathogens within a 

microfluidic format

Ma et al. 
(2024)

Rapid, multiplex 
and automated 

detection of 
bacteria and fungi 
in endophthalmitis 
via a microfluidic 

real-time 
PCRsystem

X X X
500 copies/

mL

17 common 
pathogens of 

endophthalmitis

Design a microfluidic 
realtime PCR system 

that automates 
sample processing 

and amplification for 
the rapid, multiplexed 
detection of bacteria 
and fungi in cases of 

endophthalmitis

Wang et al. 
(2024)

Fully integrated 
and automated 

centrifugal 
microfluidic chip 
for point-of-care 

multiplexed 
molecular 

diagnostics

X X X

40 
Salmonella 

or 25 
Escherichia 

coli

Escherichia coli 
and Salmonella

Report a fully 
integrated, automated 
centrifugal microfluidic 

chip that simplifies 
point‑of‑care 

multiplexed molecular 
diagnostics by 

streamlining sample 
handling, amplification, 

and detection

Xiao et al. 
(2024)

Table I. Continuation.
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Molecular 
diagnostic platform 

that integrates a 
fabless plasmonic 
nano-surface into 
an autonomous 

microfluidic 
cartridge

X X X
5 RNA 

copies/μL in 
saliva

SARS-CoV-2

Develop the 
QolorEX platform, 
which integrates 
nanoplasmonic 

amplification into a 
microfluidic cartridge to 
accelerate colorimetric 

quantification of nucleic 
acid biomarkers from 

pathogens within 
minutes

AbdElFatah et 
al. (2023)

Integrated dual-
layer microfluidic 

platform
X X X 10 copies

SARS-CoV-2, 
influenza viruses 

A (FluA) H1N1, 
H3N2, and 

influenza virus B 
(FluB)

Develop an integrated 
duallayer microfluidic 

platform that combines 
sequential amplification 

and CRISPR/Cas12a-
based detection for 

multiplexed screening 
of respiratory viruses in 

a single device

Wang et al. 
(2023)

Ultrafast PCR 
detection of 

COVID-19 by using 
a microfluidic chip-

based system

X X X
500 copies/

mL
SARS-CoV-2

Present an ultrafast 
microfluidic chipbased 

PCR system that 
markedly reduces assay 

times and reagent 
consumption for rapid 

COVID19 detection

Chen et al. 
(2022)

Manually-operated, 
slider cassette 
for multiplexed 

molecular 
detection at the 

point of care

X X X X
30 to 

300,000 IU 
HBV

Hepatitis B virus 
(HBV)

Develop a manually 
operated slider 

cassette that integrates 
sample lysis, nucleic 
acid extraction, and 

isothermal amplification 
to deliver rapid, 

multiplexed point-
of-care molecular 

detection

Seok et al. 
(2022)

Rapid molecular 
diagnosis of live 
Mycobacterium 
tuberculosis on 
an integrated 

microfluidic system

X X X 100 cfu
live M. 

tuberculosis

Design an integrated 
microfluidic system 

for the rapid 
molecular diagnosis 

of live Mycobacterium 
tuberculosis that 

consolidates sample 
processing with 

sensitive amplification 
in a compact platform

Wang et al. 
(2022)

Table I. Continuation.
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Table I. Continuation.
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