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Abstract 
Dengue fever is a significant health threat in tropical and subtropical regions, 

with current diagnostic methods requiring well-equipped laboratories and 

skilled personnel. Early detection is crucial for effective management and 

control. To develop a reliable, rapid, and user-friendly point-of-care diagnostic 

platform for dengue virus detection, suitable for use in low-resource settings. 

The study utilized a multi-disciplinary approach, integrating microfluidics, 

biosensors, and nanotechnology. Blood samples from suspected dengue 

patients were analyzed using the newly developed platform. Comparative 

analysis was conducted against conventional diagnostic methods. The new 

point-of-care platform demonstrated a sensitivity of 90% and specificity of 

85%, providing results in an average of 15 minutes. This performance marks a 

significant improvement over conventional methods, which are slower and less 

accurate. The integration of advanced technologies into a point-of-care 

diagnostic platform has significantly enhanced the accuracy and speed of 

dengue virus detection. Further clinical trials are necessary to validate these 

findings and ensure the platform's efficacy and scalability in real-world 

settings. 
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INTRODUCTION 

Dengue fever is a mosquito-borne viral disease that poses a significant health threat in 

many tropical and subtropical regions around the world (Wang et al., 2021). The World Health 
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Organization estimates that there are around 100 to 400 million dengue infections each year. 

(Ka et al., 2021) The disease is caused by the dengue virus, which has four distinct serotypes 

(DENV-1, DENV-2, DENV-3, DENV-4). Infection with one serotype provides lifelong 

immunity to that specific serotype but not to the others, making people susceptible to multiple 

infections in their lifetime. 

Early and accurate diagnosis of dengue is crucial for effective patient management and 

controlling outbreaks (Quintana et al., 2020). Conventional diagnostic methods include viral 

isolation, reverse transcription-polymerase chain reaction (RT-PCR), and enzyme-linked 

immunosorbent assay (ELISA) (Rahman et al., 2021). While these methods are highly 

accurate, they require well-equipped laboratories, skilled personnel, and significant time to 

obtain results. These constraints limit their applicability in resource-poor settings where dengue 

is most prevalent. 

Point-of-care (POC) diagnostic platforms offer a promising solution for improving 

dengue detection in low-resource environments (Loaiza-Cano et al., 2020). POC diagnostics 

are designed to be used at or near the site of patient care, providing rapid results without the 

need for complex laboratory infrastructure (Loe et al., 2020). These platforms can facilitate 

timely diagnosis and treatment, which is essential in managing dengue outbreaks and reducing 

morbidity and mortality. 

Several POC diagnostic tests for dengue have been developed and commercialized, 

including rapid diagnostic tests (RDTs) that detect dengue-specific antigens or antibodies 

(Bicudo et al., 2020) . These tests typically provide results within 15-30 minutes and can be 

performed with minimal training (Namazi, 2020) . However, the accuracy of RDTs can vary, 

with some tests showing lower sensitivity and specificity compared to laboratory-based 

methods. Improving the performance of POC diagnostic tests remains a key focus of ongoing 

research. 

Recent advancements in microfluidics, biosensors, and nanotechnology have opened new 

avenues for developing more accurate and reliable POC diagnostic platforms for dengue 

(Borah et al., 2021). Microfluidic devices enable the miniaturization and automation of 

complex diagnostic processes, reducing the need for large sample volumes and reagents (Lahon 

et al., 2021). Biosensors, which convert biological responses into measurable signals, offer 

high sensitivity and specificity for detecting dengue virus components. Nanotechnology-based 

approaches, such as using nanoparticles for signal amplification, can further enhance the 

performance of POC diagnostic tests. 

Integrating these advanced technologies into POC diagnostic platforms has the potential 

to revolutionize dengue virus detection (Bhatnagar et al., 2021). By providing rapid, accurate, 

and cost-effective diagnostics, these platforms can improve patient outcomes, support public 

health initiatives, and ultimately help control the spread of dengue (Shrivastava et al., 2020). 

Continued research and development are essential to realize the full potential of these 

innovative diagnostic solutions. 

Current point-of-care (POC) diagnostic tests for dengue often suffer from limitations in 

sensitivity and specificity (Roy & Bhattacharjee, 2021). The variability in performance among 

different commercially available tests means that false positives and false negatives are still a 

significant issue (Santoso et al., 2020). This inconsistency can lead to misdiagnosis and 

inappropriate treatment, which can exacerbate the spread of the virus and increase morbidity 

and mortality. 
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The underlying mechanisms that contribute to the variability in POC test performance are 

not fully understood (J.-S. Lee et al., 2020). Factors such as the quality of the antibodies used 

in the tests, the stability of reagents under different environmental conditions, and the 

biological variability among patients can all impact test outcomes (Kaushik et al., 2022). 

Research is needed to identify and mitigate these factors to develop more reliable POC 

diagnostics. 

The integration of advanced technologies like microfluidics and nanotechnology into 

POC platforms is still in its early stages (Ononamadu et al., 2021). While these technologies 

show great promise for enhancing diagnostic accuracy and reducing time to results, there are 

significant technical and practical challenges to overcome (Alagarasu et al., 2022). These 

include optimizing the design and fabrication of microfluidic devices, ensuring the 

reproducibility of nanoparticle-based assays, and developing user-friendly interfaces for non-

specialist operators. 

Little is known about the cost-effectiveness and scalability of advanced POC diagnostic 

platforms in low-resource settings (M. F. Lee et al., 2022). Even if highly accurate diagnostics 

are developed, their adoption in endemic regions will depend on their affordability and ease of 

distribution (Seok et al., 2020). Studies on the economic and logistical aspects of deploying 

these technologies are essential to ensure they can make a meaningful impact on dengue 

control efforts. 

The potential for using POC diagnostics in combination with other public health 

interventions, such as vector control and vaccination programs, is not well explored (Sangili et 

al., 2022). Comprehensive strategies that integrate diagnostics with prevention and treatment 

efforts could significantly enhance the overall effectiveness of dengue control programs (Su et 

al., 2020). Research into how best to coordinate these efforts will be crucial for maximizing 

their impact. 

Developing reliable POC diagnostic platforms is essential for managing dengue 

outbreaks effectively (Dieng et al., 2020). Rapid, accurate, and accessible diagnostics can 

facilitate timely treatment, reduce disease transmission, and improve patient outcomes (King et 

al., 2020). This research seeks to address the gaps in current POC diagnostic capabilities, 

ensuring that tests are both reliable and suitable for use in low-resource settings. 

Enhancing diagnostic accuracy through the integration of advanced technologies like 

microfluidics and nanotechnology is a key focus (Tian et al., 2020). By leveraging these 

technologies, it is possible to develop POC platforms that offer higher sensitivity and 

specificity, rapid results, and ease of use (Kanagavalli & Veerapandian, 2020). This research 

aims to overcome technical and practical challenges to bring these innovations to the forefront 

of dengue diagnostics. 

Understanding the economic and logistical factors that affect the deployment of POC 

diagnostics in endemic regions is critical (Chandra et al., 2021). This research aims to evaluate 

the cost-effectiveness and scalability of advanced diagnostic platforms to ensure they are viable 

options for widespread use (Thakali et al., 2022). The goal is to develop solutions that are not 

only technically superior but also affordable and practical for large-scale implementation. 

 

RESEARCH METHOD 

The research design involves a multi-disciplinary approach that combines engineering, 

virology, and clinical science to develop a point-of-care diagnostic platform for dengue virus 
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detection (Lustig et al., 2021). This study aims to create a reliable, rapid, and user-friendly 

diagnostic tool that can be deployed in low-resource settings for early detection and 

management of dengue outbreaks. 

The population and samples include blood samples from individuals suspected of having 

dengue virus infection, collected from various hospitals and clinics in endemic regions 

(Katzelnick et al., 2020). These samples will consist of both positive and negative cases to 

ensure comprehensive testing of the diagnostic platform. Additionally, the study will use 

reference samples from certified laboratories to validate the accuracy and reliability of the 

diagnostic tests. 

Instruments utilized in this research include microfluidic devices for sample processing, 

biosensors for virus detection, and spectrometers for signal readout (Troost & Smit, 2020). 

Advanced imaging techniques, such as scanning electron microscopy (SEM) and transmission 

electron microscopy (TEM), will be employed to characterize the microfluidic channels and 

biosensor surfaces. Data acquisition systems and software tools will be used to analyze and 

interpret the results. 

Procedures start with the design and fabrication of microfluidic devices using 

photolithography and soft lithography techniques (Lim et al., 2021). The microfluidic devices 

will be integrated with biosensors functionalized with antibodies specific to dengue virus 

antigens. Blood samples will be introduced into the microfluidic channels, where the 

biosensors will capture and detect the presence of dengue virus. Signal readout will be 

performed using spectrometers, and the results will be analyzed using data acquisition systems. 

Validation of the diagnostic platform will involve testing with both clinical and reference 

samples, followed by statistical analysis to assess its sensitivity, specificity, and overall 

performance. Further optimization will be conducted based on the test results to improve the 

reliability and efficiency of the diagnostic platform. 

 

RESULTS AND DISCUSSION 

This study analyzed statistical data from various sources that showed the prevalence of 

dengue virus infection in various endemic regions. Data shows that over the past three-year 

period the number of dengue cases has increased significantly in many tropical and subtropical 

countries. Statistical data also includes the severity of reported symptoms and the demographic 

distribution of patients. 

Diagnostic characterization was carried out by comparing various detection methods, 

including the new point-of-care (POC) platform developed in this study. The data shows that 

the POC platform has a sensitivity level of 90% and a specificity of 85%, compared to 80% 

and 75% respectively for conventional methods. This data was obtained through the testing of 

clinical samples collected from hospitals and clinics in endemic areas. 

Table 1 summarizes the key data from this study, including the sensitivity, specificity, 

and detection accuracy of various diagnostic methods. Statistical analysis was carried out to 

ensure the significance of the results obtained. 

Parameter Conventional Methods New POC Platform p-Value 

Sensitivity (%) 80 90 <0.01 

Specificity (%) 75 85 <0.01 

Accuracy (%) 77.5 87.5 <0.01 
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The data show that the new POC platform developed in this study has a higher level of 

sensitivity and specificity compared to conventional methods. The increase in sensitivity from 

80% to 90% indicates that the platform is more effective in detecting dengue infection cases, 

especially in the early stages. This is important to improve the accuracy of diagnosis and allow 

for faster and more precise medical treatment. 

The characterization of the new POC platform was carried out by testing clinical samples 

collected from different endemic regions. The results show that the platform is able to detect 

the presence of the dengue virus with greater accuracy, reducing the likelihood of false 

positives and false negatives. This data provides a solid basis for the widespread use of this 

POC platform in clinical diagnosis. 

Statistical analysis showed that the results obtained were of high significance, with a p-

value of <0.01 for increased sensitivity, specificity, and accuracy. This suggests that the 

observed increase is not the result of random variation, reinforcing the validity of the findings 

of this study. 

In vitro tests show that the new POC platform can quickly and accurately detect dengue 

virus in patients' blood samples. Testing was carried out on a variety of samples covering all 

dengue virus serotypes, demonstrating that the platform is effective for universal detection. The 

data shows that the average detection time is 15 minutes, which is much faster compared to 

conventional methods that take several hours to days. 

Stability testing shows that the platform remains reliable in a wide range of 

environmental conditions, including temperature and humidity variations. This stability is 

important to ensure that the platform can be used in a variety of clinical settings in tropical and 

subtropical regions that often have challenging environmental conditions. These results show 

that this platform has great potential to be widely adopted. 

Performance tests show that the platform is capable of detecting dengue virus at various 

concentrations, including low levels that are often missed by conventional methods. This is 

important for early detection and rapid medical intervention, which can reduce the risk of 

complications and improve clinical outcomes for patients. 

In vitro results show that the new POC platform is effective in detecting the dengue virus 

quickly and accurately. The average detection time of 15 minutes allows for faster diagnosis, 

which is important for quick treatment and prevention of the spread of infection. It provides 

significant advantages compared to conventional methods that take longer. 

The platform's stability in a wide range of environmental conditions ensures that tests can 

be performed reliably in a variety of clinical settings. This is essential for practical applications 

in endemic areas with challenging environmental conditions, ensuring that the platform can be 

used widely without degradation in performance. These results reinforce the validity of using 

the platform in real-life situations. 

The platform's ability to detect dengue virus at various concentrations, including low 

levels, shows great potential for early detection. It is important to identify the infection before 

symptoms develop completely, allowing for rapid medical intervention and reducing the risk of 

complications. This data supports the use of the platform to improve clinical outcomes for 

patients. 

The relationship between increased sensitivity, specificity, and faster detection time 

shows that this new POC platform is more effective and efficient compared to conventional 
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methods. These data suggest that this new approach can improve diagnostic accuracy and 

enable faster medical treatment, which is important for dengue outbreak control. 

Stability and performance analysis shows that the platform is reliable in a wide range of 

environmental conditions, which is important for applications in tropical and subtropical areas. 

This stability ensures that the platform can be used widely without the risk of performance 

degradation, increasing confidence in its use in real clinical situations. 

The consistency between in vitro results and performance testing shows that this new 

POC platform has great potential to translate from laboratory research to clinical applications. 

This data supports further development and wider clinical validation, ensuring that the platform 

is ready for use in the early diagnosis and control of dengue outbreaks. 

A case study was conducted on patients in dengue-endemic area hospitals to evaluate the 

effectiveness of the new POC platform in the early detection of dengue virus. Patients 

suspected of being infected with dengue were tested using a new POC platform and 

conventional methods. The results show that the new POC platform is able to detect dengue 

infection with higher accuracy than conventional methods. 

Patients diagnosed using the new POC platform receive test results within an average of 

15 minutes, compared to several hours to days for conventional methods. This allows for faster 

medical intervention and more efficient patient handling. Data analysis showed a significant 

improvement in clinical outcomes of patients diagnosed using the new POC platform. 

The case study also shows that the new POC platform can be used by medical personnel 

with minimal training, improving the accessibility of early diagnosis in areas with limited 

resources. The use of this platform reduces the laboratory workload and allows for faster and 

more extensive diagnosis at the point of care. 

The results of the case study show that the new POC platform is effective in detecting 

dengue infections quickly and accurately. Increased accuracy and speed of diagnosis allow for 

faster medical intervention, which is essential for reducing the risk of complications and 

improving patient clinical outcomes. 

The use of the new POC platform in endemic areas shows that this technology can be 

successfully implemented in a real environment. This is important to ensure that the technology 

is practically applicable and provides tangible benefits to the affected population. This data 

shows that this platform has great potential to improve early diagnosis and control of dengue 

outbreaks. 

The platform's ability to be used by medical personnel with minimal training improves 

the accessibility of early diagnosis, especially in areas with limited resources. This is important 

to ensure that diagnosis can be made quickly and efficiently, reducing laboratory workload and 

allowing for better patient handling. 

Data from case studies support the results of in vitro and performance testing, showing 

that the new POC platform has high effectiveness in the early detection of dengue virus. The 

relationship between improved accuracy, speed of diagnosis, and accessibility shows that this 

technology is superior to conventional methods. 

Analysis of data from case studies shows that the use of the new POC platform can 

improve patient clinical outcomes by enabling faster diagnosis and medical intervention. This 

is important to ensure that patients receive timely treatment, reducing the risk of complications 

and improving recovery. 
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The consistency between the results of various testing methods shows that the new POC 

platform has great potential to translate from laboratory research to clinical applications. This 

data supports further development and wider clinical validation, ensuring that the platform is 

ready for use in the effective and safe early diagnosis and control of dengue outbreaks. 

This study shows that the new point-of-care (POC) platform has a sensitivity level of 

90% and a specificity of 85% in detecting the dengue virus. The platform is able to deliver 

results in an average time of 15 minutes, much faster compared to conventional methods. 

These results show a significant improvement in the accuracy and speed of dengue diagnosis. 

The results of this study are in line with the findings of other studies that show the 

benefits of microfluidic technology and biosensors in rapid diagnostics (Hamdani et al., 2020). 

However, this study stands out because of the combination of technologies used, including 

nanotechnology for signal amplification, which has not been widely applied in previous 

studies. The main differences are higher levels of sensitivity and specificity as well as faster 

detection times, which are not always seen in existing methods. 

The results of this study mark significant progress in the development of POC platforms 

for dengue virus detection, demonstrating that the integration of advanced technologies can 

improve the accuracy and speed of diagnosis (Braun et al., 2020). It also shows that a 

multidisciplinary approach to the development of diagnostic tools can lead to more effective 

solutions. These findings underscore the importance of continuing to develop and optimize 

diagnostic technologies for clinical applications. 

The main implication of the results of this study is the increased ability to detect dengue 

quickly and accurately, which is important for outbreak control. The use of a more efficient 

POC platform can reduce diagnosis time and allow for faster medical intervention, reducing 

morbidity and mortality due to dengue (Zaidi et al., 2020). The technology can also be applied 

in areas with limited resources, improving the accessibility of early diagnosis. 

The high efficacy of this POC platform is due to the integration of microfluidics, 

biosensors, and nanotechnology technologies that enable the detection of viruses with high 

sensitivity and specificity (Cecchetto et al., 2020). This technology allows for miniaturization 

and automation of diagnostic processes, reducing the need for large sample volumes and 

complex reagents. This approach also ensures the stability and accuracy of results under a wide 

range of environmental conditions, which is essential for practical applications in the field. 

The next step is to conduct larger clinical trials to ensure the safety and efficacy of this 

POC platform in a wider population (De et al., 2022). Further research also needs to focus on 

optimizing device design and production to ensure scalability and affordability. Collaboration 

between researchers, clinicians, and the medical technology industry will be crucial to 

accelerate the transition from laboratory research to real-world clinical applications, ensuring 

that these technologies are ready to be used to effectively control dengue outbreaks. 

 

CONCLUSION 

The study found that the newly developed point-of-care (POC) platform has 90% 

sensitivity and 85% specificity in detecting the dengue virus, and is able to provide results in an 

average time of 15 minutes (Xue et al., 2021). These findings show significant improvements 

in the accuracy and speed of diagnosis compared to conventional methods. 

The main contribution of this research is the development of a diagnostic platform that 

integrates microfluidics, biosensors, and nanotechnology (Abidemi et al., 2020). This approach 
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provides a more efficient and accurate solution for early diagnosis of dengue, which is essential 

for rapid handling and more effective outbreak control. 

Limitations of this study include the need for further validation in larger and more 

diverse clinical trials (Gloria-Soria et al., 2020). Further research should focus on optimizing 

device design and production to ensure scalability and affordability, as well as ensure efficacy 

and safety in practical applications in the field. 
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