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Introduction

Point-of-care testing (POCT) for infectious diseases has undergone considerable
evolution, facilitating rapid diagnoses at the patient’s side or in distributed set-
tings. This departure from conventional laboratory-based approaches yields faster
turnaround times, enabling prompt clinical decisions, enhanced patient care, and
diminished infection spread. Significant advancements include the creation of
microfluidic devices, nucleic acid amplification tests (NAATs) with improved sen-
sitivity and specificity, and multiplexed assays capable of simultaneously identi-
fying multiple pathogens from a single sample. These technologies are vital for
prompt treatment initiation, contact tracing, and outbreak management, particu-
larly in resource-constrained environments [1].

The integration of microfluidics into POCT platforms has transformed sample
preparation and reaction kinetics, leading to more compact, portable, and auto-
mated diagnostic instruments. These devices can execute complex laboratory
procedures, such as cell lysis, nucleic acid extraction, and amplification, on a
chip. This miniaturization reduces reagent consumption and assay duration, mak-
ing sophisticated molecular diagnostics accessible beyond traditional laboratory
settings. This progress is especially impactful for identifying fastidious or difficult-
to-culture pathogens [2].

Nucleic acid amplification tests (NAATs) have emerged as a cornerstone of infec-
tious disease diagnostics owing to their high sensitivity and specificity. Recent
progress in isothermal amplification techniques, including LAMP (loop-mediated
isothermal amplification) and RPA (recombinase polymerase amplification), has
facilitated the development of rapid, instrument-free POCT devices. These meth-
ods eliminate the need for thermal cycling, simplifying hardware and reducing
power consumption, making them suitable for field applications. They are par-
ticularly effective for detecting viral RNA, such as for SARS-CoV-2, influenza, and
HIV [3].

Multiplexed POCT assays offer the benefit of detecting multiple pathogens or
biomarkers from a single sample within a single test. This is particularly advanta-
geous for syndromic diagnosis, where a patient exhibits a cluster of symptoms
attributable to various infectious agents (e.g., respiratory or gastrointestinal ill-
nesses). Advances in assay design, such as bead-based arrays and microarrays,
coupled with sensitive detection methods like fluorescence or chemiluminescence,
enable the simultaneous identification of several targets, streamlining diagnosis
and guiding appropriate therapy [4].

The development of biosensors, encompassing electrochemical, optical, and
piezoelectric sensors, has been instrumental in advancing POCT capabilities.
These sensors convert biological or chemical signals into measurable electrical
signals, often with high sensitivity and specificity. Integration with microfluidics
and amplification techniques allows for rapid, quantitative detection of pathogen-

specific antigens, antibodies, or nucleic acids directly from patient samples like
blood, urine, or saliva, thereby facilitating point-of-care diagnostics for a broad
array of infectious diseases [5].

Lateral flow assays (LFAs), commonly referred to as rapid tests, remain a primary
tool in POCT for infectious diseases due to their simplicity, affordability, and ease
of use. Recent innovations aim to enhance sensitivity and enable quantitative
readouts, often through integration with smartphone-based readers or complemen-
tary detection technologies. These enhancements are expanding the utility of LFAs
beyond qualitative detection for diseases such as influenza, strep throat, and HIV,
towards more precise diagnostics [6].

The application of POCT for antimicrobial resistance (AMR) detection is steadily
increasing. Rapid identification of resistance mechanisms directly from patient
samples can inform appropriate antibiotic selection, leading to improved patient
outcomes and helping to combat the spread of AMR. Emerging technologies can
detect specific resistance genes or phenotypic resistance markers at the point of
care, providing a critical alternative to lengthy culture-based susceptibility testing
[7].

Artificial intelligence (AI) and machine learning (ML) are increasingly being in-
corporated into POCT to improve diagnostic accuracy and data interpretation. AI
algorithms can analyze complex data generated by POCT devices, such as imag-
ing data from portable microscopes or patterns from biosensors, to identify infec-
tious agents or predict disease progression. This integration holds the promise of
making POCT more intelligent and accessible, particularly for complex diagnostic
challenges [8].

The COVID-19 pandemic underscored the critical need for rapid and accessible
POCT. The swift development and deployment of SARS-CoV-2 antigen and nu-
cleic acid tests at the point of care demonstrated the potential of these technolo-
gies in managing public health emergencies. This experience has stimulated fur-
ther investment and innovation in POCT for a wide range of infectious diseases,
emphasizing adaptability, scalability, and user-friendliness [9].

The future trajectory of infectious disease POCT is oriented towards the develop-
ment of connected devices and integrated diagnostic platforms. These systemswill
facilitate seamless data transmission to electronic health records, enabling real-
time surveillance and improved public health responses. Furthermore, advance-
ments in multiplexing, automation, and integration with telemedicine will further
broaden the reach and impact of POCT in global health, particularly in remote and
underserved regions [10].
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Point-of-care testing (POCT) for infectious diseases has witnessed substantial
progress, enabling swift diagnoses at the patient’s bedside or in decentralized set-
tings. This shift away from traditional laboratory-based methods offers quicker
turnaround times, allowing for immediate clinical decision-making, improved pa-
tient management, and reduced transmission of infections. Key innovations in-
clude the development of microfluidic devices, nucleic acid amplification tests
(NAATs) with enhanced sensitivity and specificity, and multiplexed assays capable
of detecting multiple pathogens simultaneously from a single sample. These tech-
nologies are crucial for timely treatment initiation, contact tracing, and outbreak
control, especially in resource-limited settings [1].

The integration of microfluidics into POCT platforms has revolutionized sample
preparation and reaction kinetics, resulting in smaller, more portable, and auto-
mated diagnostic devices. These devices can perform intricate laboratory proce-
dures, such as cell lysis, nucleic acid extraction, and amplification, all on a mi-
crochip. This miniaturization leads to reduced reagent consumption and assay
times, making sophisticated molecular diagnostics accessible outside traditional
laboratory environments. This advancement is particularly impactful for detecting
fastidious or difficult-to-culture pathogens [2].

Nucleic acid amplification tests (NAATs) have become a cornerstone of infectious
disease diagnostics due to their high sensitivity and specificity. Recent devel-
opments in isothermal amplification techniques, such as LAMP (loop-mediated
isothermal amplification) and RPA (recombinase polymerase amplification), have
enabled the creation of rapid, instrument-free POCT devices. These methods do
not require thermal cycling, simplifying the hardware and reducing power con-
sumption, making them ideal for field use. They are particularly effective for de-
tecting viral RNA, such as for SARS-CoV-2, influenza, and HIV [3].

Multiplexed POCT assays provide the advantage of detecting multiple pathogens
or biomarkers from a single sample in one test. This capability is particularly use-
ful for syndromic diagnosis, where a patient presents with a constellation of symp-
toms that could be caused by various infectious agents (e.g., respiratory infections,
gastrointestinal illnesses). Advances in assay design, such as bead-based arrays
and microarrays, coupled with sensitive detection methods like fluorescence or
chemiluminescence, allow for the simultaneous identification of several targets,
streamlining diagnosis and guiding appropriate therapy [4].

The development of biosensors, including electrochemical, optical, and piezoelec-
tric sensors, has been critical in advancing POCT capabilities. These sensors
convert biological or chemical signals into measurable electrical signals, often
with high sensitivity and specificity. Integration with microfluidics and amplifica-
tion techniques allows for rapid, quantitative detection of pathogen-specific anti-
gens, antibodies, or nucleic acids directly from patient samples like blood, urine, or
saliva, facilitating point-of-care diagnostics for a wide range of infectious diseases
[5].

Lateral flow assays (LFAs), commonly known as rapid tests, continue to be a pri-
mary tool in POCT for infectious diseases due to their simplicity, low cost, and
ease of use. Recent innovations focus on improving sensitivity and enabling quan-
titative readouts, often through the integration with smartphone-based readers or
complementary detection technologies. These advancements are expanding the
utility of LFAs beyond qualitative detection for diseases like influenza, strep throat,
and HIV, towards more precise diagnostics [6].

The application of POCT for antimicrobial resistance (AMR) detection is gaining
momentum. Rapid identification of resistance mechanisms directly from patient
samples can guide appropriate antibiotic selection, improving patient outcomes
and combating the spread of AMR. Technologies are emerging that can detect
specific resistance genes or phenotypic resistance markers at the point of care,
offering a crucial alternative to lengthy culture-based susceptibility testing [7].

Artificial intelligence (AI) and machine learning (ML) are increasingly being inte-
grated into POCT to enhance diagnostic accuracy and data interpretation. AI al-
gorithms can analyze complex data generated by POCT devices, such as imaging
data from portable microscopes or patterns from biosensors, to identify infectious
agents or predict disease progression. This integration promises to make POCT
more intelligent and accessible, especially for complex diagnostic challenges [8].

The COVID-19 pandemic highlighted the critical need for rapid and accessible
POCT. The rapid development and deployment of SARS-CoV-2 antigen and nu-
cleic acid tests at the point of care demonstrated the potential of these technologies
to manage public health crises. This experience has spurred further investment
and innovation in POCT for a broad spectrum of infectious diseases, emphasizing
adaptability, scalability, and user-friendliness [9].

The future of infectious disease POCT lies in the development of connected de-
vices and integrated diagnostic platforms. These systems will allow for seamless
data transmission to electronic health records, enabling real-time surveillance and
improved public health response. Furthermore, advancements in multiplexing, au-
tomation, and integration with telemedicine will further expand the reach and im-
pact of POCT in global health, especially in remote and underserved regions [10].

Conclusion

Point-of-care testing (POCT) for infectious diseases has advanced significantly,
enabling rapid, decentralized diagnostics. Key innovations include microfluidics
for miniaturized devices, highly sensitive nucleic acid amplification tests (NAATs)
like LAMP and RPA, and multiplexed assays for simultaneous pathogen detection.
Biosensors enhance detection capabilities, while lateral flow assays remain a sim-
ple and cost-effective option. Emerging applications include antimicrobial resis-
tance detection and integration with artificial intelligence for improved accuracy.
The COVID-19 pandemic underscored the importance of POCT, driving further in-
novation. The future points towards connected, integrated platforms for enhanced
surveillance and global health impact.
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