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Introduction

Point-of-care testing (POCT) for infectious diseases has emerged as a transforma-
tive approach in modern healthcare, offering rapid diagnostics directly at the pa-
tient’s bedside or in decentralized settings. This immediacy enables quicker clin-
ical decisions and ultimately contributes to improved patient outcomes [1]. These
technologies are particularly vital for effectively combating infectious disease out-
breaks, facilitating efficient management of chronic infections, and extending di-
agnostic capabilities to resource-limited areas where traditional laboratory infras-
tructure may be scarce [1]. Significant advancements in molecular diagnostics, im-
munochromatographic assays, and microfluidics are collectively driving the devel-
opment of POCT devices that are increasingly sensitive, specific, and user-friendly
for a broad spectrum of pathogens [1]. The integration of sophisticated microfluidic
platforms with highly sensitive nucleic acid amplification techniques has dramati-
cally enhanced both the speed and precision of molecular POCT, especially for res-
piratory viruses such as influenza and SARS-CoV-2 [2]. These advanced systems
frequently integrate multiple crucial steps, including sample preparation, amplifica-
tion, and detection, onto a single microchip, thereby minimizing manual interven-
tion and the inherent risk of contamination, which is crucial for timely diagnosis and
effective outbreak management [2]. Immunochromatographic assays (ICAs) con-
tinue to hold a foundational position in POCT for infectious diseases, largely owing
to their inherent simplicity, cost-effectiveness, and portability, making them acces-
sible in diverse settings [3]. Recent innovations in ICA design, such as the strate-
gic utilization of nanoparticles and the refinement of conjugate chemistries, have
successfully led to marked improvements in assay sensitivity and the development
of multiplexed assays capable of simultaneously detecting multiple pathogens from
a single sample, a capability vital for accurate differential diagnosis [3]. The utility
of POCT in resource-limited settings is profoundly significant, as it directly ad-
dresses the complex challenges posed by inadequate infrastructure and a short-
age of trained healthcare personnel [4]. Features such as battery-operated de-
vices, seamless integration with smartphones for efficient data management and
connectivity, and simplified workflows are key attributes that empower effective
infectious disease surveillance and management in these underserved regions,
as evidenced by successful applications in malaria and HIV testing [4]. The de-
velopment and deployment of multiplexed POCT platforms are absolutely critical
for achieving rapid differential diagnosis of syndromic illnesses, a common chal-
lenge in infectious disease management [5]. These sophisticated platforms are
designed to facilitate the simultaneous detection of numerous pathogens from a
single patient sample, significantly reducing the time required for a definitive diag-
nosis and enabling the prompt initiation of targeted treatment, which is especially
valuable for managing respiratory and gastrointestinal infections [5]. The perva-
sive nature of smartphones has enabled the development of smartphone-based

POCT systems that leverage these ubiquitous mobile devices for comprehensive
data capture, sophisticated analysis, and efficient communication [6]. These in-
novative systems integrate portable readers or cleverly utilize the smartphone’s
camera and processing capabilities for interpreting test results, thereby offering a
cost-effective and highly scalable solution for both infectious disease monitoring
and broader public health initiatives [6]. The rapid development and widespread
deployment of POCT for emerging infectious diseases, most notably exemplified
by the global response to the COVID-19 pandemic, unequivocally highlighted the
critical and persistent need for diagnostic solutions that are both adaptable and
readily scalable to meet rapidly evolving public health demands [7]. Pioneering
innovations in nucleic acid amplification and antigen-based testing conducted at
the point of care played an absolutely pivotal role in the overall strategy for dis-
ease surveillance, effective patient management, and the robust public health re-
sponse required during the pandemic [7]. The regulatory landscape governing
POCT devices is undergoing continuous evolution, with a primary focus on en-
suring the utmost accuracy, unwavering reliability, and paramount safety of these
critical diagnostic tools [8]. The establishment of streamlined regulatory pathways
and the articulation of clear, standardized performance benchmarks are essential
steps that will facilitate the timely approval and subsequent widespread adoption
of innovative POCT solutions for infectious diseases, effectively balancing the im-
perative for innovation with the fundamental needs of public health protection [8].
The integration of advanced biosensor technologies into POCT platforms for infec-
tious disease detection is an increasingly important trend, offering the promise of
exceptionally high sensitivity and specificity coupled with rapid turnaround times
for diagnostic results [9]. Various types of biosensors, including electrochemical,
optical, and piezoelectric sensors, are actively being explored for their remarkable
potential to detect key biomarkers such as antigens, antibodies, and nucleic acids
with minimal requirement for complex sample processing [9]. The economic im-
plications of the widespread implementation of POCT for infectious diseases are
substantial and far-reaching, primarily through enabling early detection and prompt
intervention, which collectively serves to reduce the significant healthcare costs
often associated with prolonged illness, lengthy hospitalizations, and the manage-
ment of serious complications [10]. Furthermore, POCT significantly enhances
public health surveillance capabilities and bolsters the speed and effectiveness of
responses to disease outbreaks, thereby contributing positively to overall societal
well-being and economic stability [10].

Description

Point-of-care testing (POCT) for infectious diseases represents a paradigm shift in
diagnostics, providing rapid results directly at the patient’s location, which acceler-
ates clinical decision-making and enhances patient care [1]. These technologies
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are indispensable for managing outbreaks, controlling chronic infections, and ex-
tending healthcare access to underserved regions [1]. Ongoing advancements
in molecular diagnostics, immunochromatographic assays, and microfluidics are
continuously yielding more sensitive, specific, and user-friendly POCT devices for
diverse pathogens [1]. The convergence of microfluidic platforms with nucleic acid
amplification techniques has dramatically improved the speed and sensitivity of
molecular POCT for respiratory viruses, including influenza and SARS-CoV-2 [2].
These integrated systems often perform sample preparation, amplification, and
detection on a single chip, minimizing manual handling and contamination risks,
thus enabling timely diagnosis and outbreak management [2]. Immunochromato-
graphic assays (ICAs) remain a cornerstone of POCT due to their simplicity, low
cost, and portability, making them widely applicable [3]. Recent innovations in ICA
design, such as the use of nanoparticles and improved conjugate chemistries, have
enhanced sensitivity and enabled multiplexed detection of multiple pathogens, aid-
ing differential diagnosis [3]. The value of POCT in resource-limited settings is
immense, overcoming challenges related to infrastructure and personnel short-
ages [4]. Features like battery-powered devices, smartphone integration for data
management, and simplified workflows are crucial for effective infectious disease
surveillance in these areas, as demonstrated by applications in malaria and HIV
testing [4]. Multiplexed POCT platforms are vital for the rapid differential diagnosis
of syndromic illnesses by simultaneously detecting multiple pathogens from a sin-
gle sample, reducing diagnostic time and allowing for targeted treatments, espe-
cially for respiratory and gastrointestinal infections [5]. Smartphone-based POCT
systems leverage the widespread availability of mobile devices for data acquisi-
tion, analysis, and communication [6]. These systems often use portable readers or
the smartphone’s camera for result interpretation, offering a cost-effective and scal-
able solution for disease monitoring and public health efforts [6]. The rapid devel-
opment and deployment of POCT during emerging infectious disease outbreaks,
like COVID-19, underscored the urgent need for adaptable and scalable diagnostic
tools [7]. Innovations in point-of-care nucleic acid amplification and antigen testing
were instrumental in disease surveillance, patient management, and public health
responses [7]. The regulatory framework for POCT devices is evolving to ensure
accuracy, reliability, and safety [8]. Streamlined regulatory processes and clear
performance standards are essential for the timely approval and broad adoption
of new POCT solutions, balancing innovation with public health requirements [8].
Biosensor technologies are increasingly integrated into POCT for infectious dis-
eases, offering high sensitivity, specificity, and rapid results [9]. Electrochemical,
optical, and piezoelectric biosensors are being explored for detecting biomarkers
like antigens, antibodies, and nucleic acids with minimal sample preparation [9].
The economic benefits of widespread POCT for infectious diseases are significant,
stemming from early detection and intervention, which reduces costs associated
with prolonged illness and hospitalizations [10]. Moreover, POCT enhances public
health surveillance and outbreak response, contributing to economic stability and
societal well-being [10].

Conclusion

Point-of-care testing (POCT) for infectious diseases offers rapid diagnostics, im-
proving clinical decisions and patient outcomes, especially vital for outbreaks,
chronic infections, and resource-limited areas. Advancements in molecular di-
agnostics, immunochromatographic assays, and microfluidics are driving the de-
velopment of sensitive, specific, and user-friendly devices. Microfluidic platforms
coupled with nucleic acid amplification enhance speed and sensitivity for respira-
tory viruses. Immunochromatographic assays remain a cornerstone due to sim-
plicity and portability, with innovations leading to multiplexed detection. POCT

is crucial in resource-limited settings, utilizing features like smartphone integra-
tion for surveillance. Multiplexed platforms enable rapid differential diagnosis of
syndromic illnesses. Smartphone-based POCT leverages mobile devices for data
management and analysis. The COVID-19 pandemic highlighted the need for
adaptable POCT, with nucleic acid and antigen-based tests playing a key role.
Evolving regulations aim to ensure accuracy, reliability, and safety. Biosensor
technologies are being integrated for high sensitivity and specificity. Widespread
POCT can reduce healthcare costs and improve public health surveillance.
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