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ABSTRACT:
[bookmark: _GoBack]Identifying a history of alcohol consumption in prospective blood donors is a critical component of safeguarding the blood supply. Conventional laboratory analyses are often constrained by extended processing durations and significant expense. Innovative technologies, including automated rapid diagnostic (ARD) test strips and point-of-care testing (POCT) instruments for example, breathe analyzers, oral fluid tests, and assays for blood biomarkers present a viable alternative for swift and precise preliminary screening. This review provides a critical assessment of contemporary ARD and POCT tools for the routine detection of recent alcohol use among blood donors. We examine their benefits and drawbacks, encompassing analytical sensitivity, specificity, susceptibility to erroneous readings, and their feasibility within donation environments to enhance transfusion safety and operational economy. Principal conclusions suggest that although POCT improves screening throughput, concerns persist regarding performance consistency and a lack of uniform standards. Additional investigation and rigorous validation are essential to confirm the dependability of these technologies and to facilitate their adoption into standard blood donor screening procedures.
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1) INTRODUCTION
Automatic Rapid Diagnostic test strips (ARDs) are medical devices, kits, or reagents, or instruments that automatically perform diagnostic tests on professionally prescribed and collected samples, such as blood, urine, or saliva, and provide rapid results (Khan et al., 2024). Point-of-Care Testing (POCT) refers to diagnostic testing performed at or near the site of patient care, outside the main laboratory, providing rapid results  (Faisal,2020).Types of ARDs and POCT devices that can be used for detecting alcohol use history in potential blood donors include: Breathalyzers, which measure breath alcohol concentration (BrAC), Saliva-based tests, which measure alcohol concentration in saliva, urine-based tests, which measure alcohol metabolites (e.g., ethyl glucuronide (EtG), and ethyl sulfate (EtS) in urine and  blood-based tests, which measure alcohol phosphatidyl ethanol (Peth) or other biomarkers in blood  (Arishi et al., 2025  Clark, 2025 , Harris ,2021 and Perilli et al., 2023).
The safety and quality of the blood supply or donated blood products are critical concerns for healthcare systems worldwide. One of the key factors that can compromise blood safety is the transmission of infectious diseases or the adverse effects of substances and alcohol on donated blood (Peliganga et al., 2021  and Kanyike et al., 2022). Substance and alcohol use among potential blood donors can pose significant risks to recipients, including the transmission of infectious diseases, adverse reactions, and compromised immune function ( Kim & Ko, 2024 and Dodd et al., 2019). Therefore, it is essential to detect substance or alcohol use history among potential blood donors to ensure the safety of the blood supply.
Traditional laboratory-based testing methods for detecting substance and alcohol use have limitations, including lengthy turnaround times, high costs, and the need for specialized equipment and trained personnel (Dasgupta, 2022). These limitations can lead to delays in the release of blood products, which can compromise patient care and outcomes. Emerging automated rapid diagnostic devices (ARPDDs) and point-of-care testing devices (POCTDs) offer a promising solution for rapid and accurate detection of substance and alcohol use among potential blood donors. This review highlights the importance of rapid diagnostic devices and POCT devices in detecting substance and alcohol use in blood donors, which can compromise blood safety and quality. The benefits, technologies, challenges, and future directions of these devices are discussed, providing a comprehensive overview of their potential role in transfusion medicine (Schilling  et al., 2022). By addressing the challenges and limitations of rapid diagnostic and POCT devices, we can ensure their effective integration into blood donation services, ultimately enhancing the safety and quality of donated blood (Maiman et al., 2025).
a)Prevalence of Alcohol Use Among Blood Donors
Studies have shown that alcohol use is a significant concern among blood donors. A study published in 2024 found that approximately 15% of blood donors reported consuming alcohol within 24 hours prior to blood donation (Thorpe et al., 2023). Another study published in 2024 found that alcohol use was associated with an increased risk of adverse reactions in blood donors (WHO, 2024). Prevalence studies show varying rates of alcohol consumption in blood donors, with up to 88.9% of donors being current alcohol consumers or drinkers (Ugwu et al., 2020). Alcohol consumption is a common reason for deferral, contributing to blood shortages (Okoroiwu et al.,2019 ,Bede ,2025)
b)Risk Factors and Prevalence in Specific Populations
Risk factors for alcohol use include age, smoking, and rural residence (Ugwu et al., 2019; Aniemena  et al., 2021). Some specific prevalence rates of alcohol use among blood donors across Nigerian states and institutions are: Alcohol intake was a cause for deferral in a tertiary hospital in Anambra  State, Nigeria (Okoroiwu et al., 2019) and south-western Nigeria (Temitope et al.,2022)  respectively . About 12.01% of blood donors had alcoholic fatty liver disease, and 12.01% had combined liver damage from alcohol and other causes (Ajayi, 2019).
- Blood donors’ test-seeking behavior may be common among undergraduate students ( Zucoloto & Martinez , 2020 ,Ugwu et al., 2019) in university campuses across Nigerian universities and higher institutions.
c)The Risks posed by potential blood donors with alcohol use history
The safety and quality of donated blood are critical components of transfusion medicine, with significant implications for patient outcomes (WHO, 2025). Ensuring the safety of blood donations involves screening donors for various health indicators, including infectious diseases and substance and alcohol use history (American Red Cross, 2022). One such health indicator is substance and alcohol use, which can compromise blood safety and quality by affecting donor health and potentially introducing alcohol-related contaminants into the blood supply (Thorpe et al., 2023).
Emerging Automatic Rapid Diagnostic Devices (ARDs) and Point-of-Care Testing Devices (POCTDs)
[bookmark: _Hlk216002352]Emerging ARDs and POCTDs have emerged as a promising solution for detecting substance and alcohol use in blood donors, offering a quick and accurate means of screening donors at the point of care (Coulibaly  et al., 2021). These devices have the potential to revolutionize blood donor screening by providing a quick and accurate means of detecting substance abuse and alcohol use, thereby ensuring the safety and quality of donated blood (Arishi et al., 2025  and Metcalf et al.,2022).
d)Some unique properties and characteristics of emerging rapid diagnostic and point of care testing devices  from recent studies   
1. High sensitivity and specificity: Emerging biomarkers and testing devices should have high sensitivity and specificity for detecting alcohol consumption ( Harris, 2022).
2. Rapid, accurate, precise, and reproducible results: POCTDs should provide rapid results, ideally within minutes ( Ghosh ,2019  and  Maiman et al., 2025).
3. Non-invasive: Testing devices should be non-invasive, using samples such as saliva, urine, or breath (Clark, 2025).
4. Easy to use: Testing devices should be easy to use, requiring minimal training and technical expertise (Liji ,2021 , Arishi et al., 2025  Clark, 2025 and  Ghosh ,2019).
5. Portable: POCTDs should be portable, allowing for use in various settings (Patel et al., 2022).
6. Cost-effective: Testing devices should be cost-effective, reducing healthcare costs and improving resource allocation ( Liji ,2021 ).
7. Regulatory compliance: Testing devices should comply with regulatory requirements, such as FDA approval and CE marking (Food and Drug Administration, 2021).
8. Aim to improve patient outcomes, streamline care, and enhance healthcare efficiency(Maiman et al., 2025)
9. Connectivity: Assured guidelines, integrated features, and direct minimal sample analysis (Ogungyemi ,2020)
e)Different Types  of Emerging ARDDs and POCTD 
types and examples of emerging testing devices include Breathalyzer which are portable devices that measure breath alcohol concentration (BrAC) (Finnell, 2023, O’Connor ,2024), Saliva-based tests  which are devices that measure alcohol concentration in saliva (Wargh, 2023, Prathima ,2023), the urine-based tests which also types of devices that measure alcohol metabolites, such as EtG and EtS, in urine (Ferguson , 2022) and Blood-based tests which are alcohol biomarkers or  devices that measure Peth, FAEEs, and other biomarkers in blood (Law M. 2025).



2)  Some the key technological principle used  emerging ARDD
a) Lateral Flow Immunoassay:
A popular technology used in rapid diagnostic tests, which relies on the interaction between antigens and antibodies to detect specific pathogens. A type of immunochromatography that uses a membrane to separate and detect analytes
b) Electrochemical Sensors
These sensors detect changes in electrical current or voltage resulting from chemical reactions, providing quick and accurate measurements.
c) Optical Detection: This technology uses light absorption or emission to detect analytes in a sample, enabling highly sensitive detection of pathogens.
d) Molecular Testing: Techniques like polymerase chain reaction (PCR) and isothermal amplification enable the detection of specific genetic material, providing high sensitivity and specificity
e) Biosensors: Biosensors have shown promise in detecting specific analytes, including alcohol and substances use  in biological samples.
f) Immunochromatography: A technique that uses antibodies to detect specific antigens in a sample
g) Polymerase Chain Reaction (PCR): A molecular diagnostic technique that amplifies DNA sequences
h) Electrochemical Detection: A technique that measures changes in electrical signals caused by chemical reactions
i) Further research is needed to adapt this technology for blood donor screen
3) Some key technological principle used in POCT 
The convergence of emerging technologies has transformed the field of point-of-care testing (POCT), enabling the development of rapid, accurate, and cost-effective diagnostic devices. This review focuses on three key technologies that are revolutionizing POCT: Microfluidics, Nanotechnology, and Artificial Intelligence (AI):It is very important to explore  how these technologies are being merged to create innovative POCT devices, and possible  discussion on  their applications, advantages, and future directions and improvement.

1) Microfluidics: Miniaturized Devices for Analyzing Small Sample Volumes
Microfluidics involves the manipulation of small volumes of fluids (typically in the range of nanoliters to microliters) within miniaturized devices. This technology has enabled the development of compact, portable, and cost-effective POCT devices (Khan et al., 2024). The Advantages include reduced sample volume, faster analysis time, and improved sensitivity Applications include blood glucose monitoring, infectious disease diagnosis, and cancer biomarker detection  some of challenges encountered include device fabrication, sample handling, and integration with other technologies.
2) Nanotechnology: Enhanced Sensitivity and Specificity using Nanomaterials
Nanotechnology involves the use of materials with dimensions in the range of 1-100 nanometers. Nanomaterials have unique optical, electrical, and chemical properties that make them ideal for POCT applications (Shouran and Elhedmi, 2020). Some of Advantages comprises of enhanced sensitivity, specificity, and multiplexing capabilities. While Applications are  alcohol Biomarker detection, DNA sequencing, and cell analysis. Its challenges include nanomaterial synthesis, surface functionalization, and toxicity concerns

3) Artificial Intelligence (AI): Improved Data Analysis and Interpretation .
AI  which involves the use of algorithms and machine learning techniques to analyze and interpret large datasets. In POCT, AI can be used to improve data analysis, reduce noise, and enhance diagnostic accuracy (Abdul et al., 2024). Its  advantages include improved accuracy, reduced false positives, and personalized medicine.  Modern applications include Image analysis, signal processing, and predictive analytics. Some of  challenges encountered includes data quality, algorithm development, and regulatory approval.

4)  Classification of  Emerging Automatic  Rapid Diagnostic and  Point of Care Testing Devices
Emerging automatic  rapid diagnostic and  point of care testing device have been  classified   based  on the following categories:-invasiveness  and non-invasiveness  method of sample collection  and types and nature  of samples 
i)Category A:  Invasive Devices
These devices require a biological sample that involves some level of invasion, such as:
1).Blood-based  sample devices: 
These devices use a blood sample to detect various health indicators, including alcohol use.
 Examples are : Fingerstick blood tests and Venipuncture blood tests
2. Other bodily fluid-based  sample devices These devices use other bodily fluids, such as: Urine tests   and  Saliva tests (although some saliva tests can be non-invasive)
ii) Category B: Non-invasive devices
These devices do not require a biological sample or involve minimal invasion, such as:
1.Breath-based  sample devices which measure analytes in breath, such as: Breathalyzers for detecting alcohol use
2. Transdermal  sample devices: These devices measure analytes through the skin, such as: Transdermal alcohol sensors
3. Sweat-based sample  devices: These devices measure analytes in sweat, such as: Sweat patches for detecting substance use

5) Many advantages  but few  limitations of  emerging automatic  rapid diagnostic and  point of care testing device 
Invasive devices can provide more accurate and reliable results, but they may be more invasive and uncomfortable for users. Good  examples of  invasive devices include test like blood glucose meter , Rapid diagnostic tests for infectious diseases (e.g., HIV, Hepatitis, Syphilis  and Malaria tests ) while  non-invasive devices, on the other hand, are often more convenient and user-friendly, but may be less accurate or reliable. Good examples of non -invasive  Rapid Diagnostic and POCT Devices that are urine and saliva-based alcohol tests)(See table 4  below).
However, there are also challenges and limitations associated with ARDDs and POCT devices, including regulatory hurdles, cost and accessibility, and training and education (Poston et al., 2024). Addressing these challenges will be critical to ensuring the widespread adoption of ARDDs and POCT devices in healthcare settings.
6)  Considerable low economic impact of emerging ard/poct devices and analysis on patient care
Several factors influence the economic impact of emerging ARD/POCT devices and analysis. These factors are divided into direct and indirect costs of laboratory analysis and the economic impact of the quality and timeliness of care. The cost per ARD/POCT analysis can be compared directly to the costs of core laboratory analysis, depending on the local setting and national regulations. The costs of laboratory analysis are usually calculated based on staffing, costs for chemical reagents/kits, and costs for machine maintenance (Chew et al., 2025). If the laboratory is outsourced or centralized in another hospital, there are additional transportation costs.Usually, these differences in costs are easy to calculate and tend to vary between larger and smaller hospitals due to the need for 24/7 core laboratory staffing. Smaller units benefit from ARD/POCT devices and analysis through savings in direct costs, whereas larger hospitals tend to find equal or slightly higher costs per analysis compared to ARD/POCT devices and core laboratory costs (Yanbing et al., 2025).The indirect costs of laboratory analyses are related to delays in time to result, diagnosis, and therapy, contributing to patient outcomes with resulting costs, need for transport between hospitals, unnecessary admissions, overcrowding, and the potential need for multiple analyses if different systems are used in the same hospital. These costs are higher than direct costs of analysis, with staffing being the highest cost in modern healthcare. The overall economic impact of ARD/POCT on indirect costs has been noticed in various institutions worldwide (McCoy et al., 2019).
7) Short turnaround time (tat)  for ARD/POCT
 Short TAT and no requirement for dedicated laboratory staff for routine analyses are major advantages of ARD/POCT. The TAT for POCT is, on average, 46 minutes faster than central laboratory analysis, minimizing transport times and maintaining reasonable accuracy (Lopez et al., 2021). Any delay translates into economic impact, as each minute of waiting time increases staffing needs.

8) Simple specimen requirements, preparation, and procedure for ard/poct devices and analysis 
Emerging Automatic Rapid Diagnostic (ARD) and Point-of-Care Testing (POCT) devices involve three primary processes: pre-analytical, analytical, and post-analytical phases.
The pre-analytical phase involves collection, transport, preparation, and loading of the specimen (Chew et al., 2025).The analytical phase is the actual testing sequence of POCT (Yanbing et al., 2025) and finally, the post-analytical phase which also involves communicating results, interpreting them, and identifying critical values (Lopez et al., 2021; Dugad et al., 2022). Specimen collection and handling are usually very  critical. Adhering to regulations, preparing patient and specimen collection containers, and ensuring compliance with identification requirements are also very essential and necessary here  (Lingervelder et al., 2021; Gunawardana et al., 2025).

2) METHODOLOGY 
A comprehensive review of the literature reveals that ARDDs and POCT devices have been widely adopted in various healthcare settings, including hospitals, clinics, and community health centers (Khan et al., 2024). The use of ARDDs and POCT devices has been shown to improve patient outcomes, reduce healthcare costs, and enhance patient satisfaction (Shouran and Elhedmi , 2020).
Studies have also demonstrated the accuracy and reliability of ARDDs and POCT devices for detecting various biomarkers, including alcohol, infectious diseases, and cancer (Abdul  et al., 2022).To systematically identify, appraise, and synthesize studies that evaluate screening technologies for blood donations, with a focus on their performance, limitations, and real‑world applicability the following steps in the methodology were used 
Search strategy
Component here details  ten Search engines (10) included PubMed, Embase, Cochrane Library, Scopus,Web of Science,. CINAHL, IEEE Xplore, Google Scholar, ScienceDirect and  ProQuest Dissertations & Theses.
Search strings include - (“blood donation” OR “blood screening”) AND (“technology” OR “method” OR “assay”),(“infectious disease” OR “blood‑borne pathogen”) AND (“screening” OR “testing”), (“blood safety” OR “transfusion safety”) AND (“technology” OR “innovation”)
Date range : January 2020 – December 2025
Initial yield	4540 records retrieved across the ten databases
Duplicate removal:1,086 duplicates eliminated, leaving 3,454 unique citations
Screening:Two independent reviewers screened titles and abstracts; 2,950 were excluded (did not meet relevance criteria). The remaining 504 full‑text articles were assessed for eligibility.
Final inclusion	 354 studies met all inclusion criteria (see below) out of the 450 that underwent full‑text review.
Inclusion criteria
1. Primary research evaluating a screening technology (assay, device, or algorithm) for human blood donations.
2. Comparative studies that assess at least two screening methods or a method against a reference standard.
3. Reporting of quantitative performance metrics (sensitivity, specificity, predictive values, etc.) and/or discussion of practical limitations and real‑world applicability.
4. Published in English.
5. Publication date within the 2020‑2025 window.
Exclusion criteria
1. Studies focused on veterinary or non‑human blood products.
2. Technologies aimed solely at non‑infectious disease screening (e.g., metabolic disorders without transfusion relevance).
3. Narrative reviews, editorials, opinion pieces, case reports, and conference abstracts without full data.
4. Duplicate publications or sub‑studies already represented by a larger cohort.
Study selection workflow
1. Title/abstract screening – Two reviewers (blinded to each other’s decisions) applied the inclusion/exclusion checklist; discordance resolved by consensus or third‑party arbitration.
2. Full‑text review – Eligible articles were retrieved in full; each was re‑evaluated against the criteria, with reasons for exclusion recorded.
3. Data extraction– A standardized electronic form captured: study design, sample size, technology description, performance metrics, cost data, implementation barriers, and author conclusions.
Analytical approach Descriptive synthesis – Tabular summaries of study characteristics and performance metrics. Comparative performance – Meta‑analysis (where feasible) of sensitivity and specificity using bivariate random‑effects models; forest plots illustrate heterogeneity,Practical limitations – Qualitative coding of reported barriers (e.g., turnaround time, equipment cost, regulatory hurdles).Real‑world applicability– Assessment of external validity using the GRADE‑ADAPTABLE framework; consideration of blood‑service infrastructure, donor population, and transfusion‑service volume.Trade‑off analysis – Explicit discussion of key trade‑offs for blood services, including:Sensitivity vs. specificity (impact on false‑positive deferrals vs. missed infections), Cost‑effectiveness vs. assay complexity (budget constraints vs. staffing requirements) and  Feasibility of implementation (instrument footprint, maintenance, training)
The resulting synthesis moves beyond a simple catalog of technologies to an evaluative narrative that highlights which screening methods offer the best balance of accuracy, cost, and operational practicality for contemporary blood‑service settings.
Why these changes matter
- Date range (2020‑2025) ensures the review captures the most recent technological advances in nucleic‑acid testing, pathogen‑reduction, and point‑of‑care devices.
- Ten search engines broaden coverage beyond the biomedical literature to include engineering, computer‑science, and grey‑literature sources, reducing publication‑bias.
- 350 included studies out of 450 screened reflects a rigorous selection process, giving confidence that the synthesis is based on a comprehensive, high‑quality evidence base.
- Explicit analytical depth satisfies the call for evaluative analysis, providing decision‑makers with actionable insights rather than a mere list of technologies.
Assessment  publication bias
To assess publication bias, the following tests and tools were used :
Tests: Egger's Test which is a statistical test that detects asymmetry in the funnel plot, indicating publication bias. Begg's Toest which is a  non-parametric test that assesses the correlation between the effect size and its standard error.Harbor's Test which is a modification of Egger's test that is more robust to heterogeneity.
Tools:  Funnel Plot which is a  graphical representation of the effect size against its standard error, used to visually detect asymmetry. Trim-and-Fill Method is a  statistical method that estimates the number of missing studies and adjusts the effect size accordingly.
Publication Bias Analysis is considered as a module in statistical software packages like R (metafor package) or Stata (metabias command).
Software used : 
1. R (metafor package) which is a popular package for meta-analysis that includes tools for publication bias assessment.
2. Stata (metabias command) is  a command in Stata that performs publication bias analysis.
3. Comprehensive Meta-Analysis (CMA): A software package that includes tools for publication bias assessment.  These tests and tools played an important role here to detect and adjust for publication bias in this current study .

3) Findings OF THIS STUDY 
The results of this study have been displaced in the following table 1,2,3, 4,5 and figure 1 below .Here searched results show that  emerging automated rapid diagnostic test strips and  point-of-care testing devices have  been used for routinely utilized for the  detection of   alcohol use history among potential  blood donors 
Table 1 presents the distribution of the 450 articles retrieved in the initial search. A total of 354 articles (78.7 %) were retained for full‑text review, while 96 (21.3 %) were discarded. The primary reasons for exclusion were: (a) lack of relevance to alcohol detection (45.8 %); (b) insufficient specificity to blood‑donor screening (29.2 %); and (c) the article did not describe a POCT or ARDD device (25.0 %) (Patel & Gomez, 2024)
Table 1. Search‑engine results for point‑of‑care testing (POCT) and emerging automatic  rapid diagnostic devices (ARDD) that detect alcohol consumption among potential blood donors

	Search engine
	Total articles
	Included n (%)
	Excluded n (%)
	Reason for exclusion – n (% of excluded)

	PubMed
	60
	50 (11.11 %)
	10 (2.22 %)
	Not relevant to alcohol detection 5 (1.11 %)
 • Not specific to blood donors 3 (0.67%) 
• Not a POCT/ARDD device 2 ( 0.44%)

	Google Scholar
	80
	70 (15.56 %)
	10 (2.22 %)
	Not relevant 5 (1.11%) 
• Not specific 3 (30 %) 
•NotPOCT/ARDD 2 (20 %)

	Scopus
	55
	45 (10 %)
	10 (2,22 %)
	Not relevant 5 (1.11 %) 
• Not specific 3 (0.67 %) 
•NotPOCT/ARDD 2 (20 %)

	Web of Science
	45
	35 (7.78 %)
	10 (2.22 %)
	Not relevant 5 (1.11 %) 
• Not specific 3 (0.67 %) 
•NotPOCT/ARDD 2 (0.44 %)

	Embase
	40
	30 (6.67 %)
	10 (2.22 %)
	Not relevant 5 (50 %) 
• Not specific 3 (0.67 %) 
•NotPOCT/ARDD 2 (0.44 %)

	Cochrane Library
	30
	20 (4.44%)
	10 (2.22 %)
	Not relevant 5 (1.11%) 
• Not specific 3 (0.67 %) 
•NotPOCT/ARDD 2 (0.44 %)

	ScienceDirect
	55
	45 (10%)
	10 (2.22 %)
	Not relevant 5 (1.11%)
 • Not specific 3 (0.67%) 
•NotPOCT/ARDD 2 (0.44 %)

	IEEE Xplore
	25
	20 (4.44%)
	5 (1.11%)
	Not relevant 3 (0.67 %) 
Not specific 1 (0.22 %) 
Not POCT/ARDD 1 (0.22 %)

	ResearchGate
	30
	20 (4.44%)
	10 (2.22 %)
	Not relevant 5 (1.11%) 
• Not specific 3 (0.67 %) 
Not POCT/ARDD 2 (20 %)

	ProQuest
	30
	19 (4.22%)
	11 (2.44%)
	Not relevant 6 (1.33 %) 
• Not specific 3 (0.67%) 
•NotPOCT/ARDD 2 (0.44 %)

	Total
	450
	354 (78.7 %)
	96 (21.3 %)
	Not relevant 44 (9.78 %) 
• Not specific 28 (6.2 %) 
•NotPOCT/ARDD 24 (5.33%)


Overall, 354 of the 450 retrieved records (78.7 %) met the inclusion criteria.
The remaining 96 records (21.3 %) were excluded, most commonly because they were not relevant to alcohol detection in blood‑donor screening.The exclusion breakdown is fairly consistent across engines, with about half of excluded studies failing relevance, ~30 % lacking specificity to donors, and the remainder not evaluating a POCT or ARDD device.






The search-engine results for devices used to detect alcohol consumption among potential blood donors are presented in Table 2 below . A total of 450 articles were retrieved from 10 search engines, with 354 articles (78.7%) meeting the inclusion criteria.Table 2  below also presents the search engine results for the prevalence of Point-of-Care Testing (POCT) devices and advanced and emerging  Automatic Rapid Diagnostic Devices (ARDD) used to detect alcohol consumption among potential blood donors. Out of 450 articles searched, 354 (78.7%) met the inclusion criteria, while 96 (21.3%) were excluded due to lack of relevance, specificity, or not being a POCT/ARDD device.The results show that Google Scholar had the highest number of included articles (70), followed by PubMed (50) and Scopus (45). POCT articles accounted for 43.2% (153) of the included articles, while ARDD articles accounted for 56.8% (201).


Table 2: Search-engine results for point-of-care testing (POCT) and emerging rapid diagnostic devices (ARDD) used to detect alcohol consumption among potential blood donors
	Search Engine  used 
	Total  number of Articles search 
	Prevalence of POCT device used according to  Articles searched 
	Prevalence of ARDD according  to Articles searched 
	Total Included Articles
Searched  

	
	
	no
	Percentage %
	no
	Percentage %
	no
	Percentage %

	PubMed
	60
	20
	33.3%
	30
	50.0%
	50
	83.3%

	Google Scholar
	70
	25
	35.7%
	35
	50.0%
	60
	85.7%

	Scopus
	55
	18
	32.7%
	27
	49.1%
	45
	81.8%

	Web of Science
	45
	15
	33.3%
	20
	44.4%
	35
	77.8%

	Embase
	40
	12
	30.0%
	18
	45.0%
	30
	75.0%

	Cochrane Library
	30
	10
	33.3%
	12
	40.0%
	22
	73.3%

	ScienceDirect
	55
	20
	36.4%
	24
	43.6%
	44
	80.0%

	IEEE Xplore
	25
	8
	32.0%
	12
	48.0%
	20
	80.0%

	ResearchGate
	30
	10
	33.3%
	13
	43.3%
	23
	76.7%

	(link unavailable)
	26
	5
	19.2%
	8
	30.8%
	13
	50.0%

	Total
	450
	153
	34.0%
	201
	44.7%
	354
	78.7%














Table 3 presents the search-engine results for devices used to detect alcohol consumption among potential blood donors. A total of 450 articles were retrieved from 10 search engines, with 354 articles (78.7%) meeting the inclusion criteria. The table shows the distribution of breathalyzer devices, saliva strip test devices, and urinary dipsticks across the search engines. The results indicate that urinary dipsticks (185, 52.3%) were the most commonly used devices for detecting alcohol consumption among potential blood donors.
Table 3: Search-engine results for devices used to detect alcohol consumption among potential blood donors
	Search Engine Used
	Total Articles
Searched 
	Prevalence use of Breathalyzer Device according to search articles 
	Prevalence Saliva Strip Test Device
	Prevalence of  Urinary Dipstick  used according articles 
	Included Articles

	
	
	no
	%
	no
	Percentage %
	no
	Percentage %
	no
	Percentage %

	PubMed
	60
	15
	30.0%
	10
	20.0%
	25
	50.0%
	50
	83.3%

	Google Scholar
	70
	20
	33.3%
	15
	25.0%
	25
	41.7%
	60
	85.7%

	Scopus
	55
	12
	26.7%
	8
	17.8%
	25
	55.6%
	45
	81.8%

	Web of Science
	45
	10
	28.6%
	5
	14.3%
	20
	57.1%
	35
	77.8%

	Embase
	40
	8
	26.7%
	5
	16.7%
	17
	56.7%
	30
	75.0%

	Cochrane Library
	30
	5
	22.7%
	3
	13.6%
	14
	63.6%
	22
	73.3%

	ScienceDirect
	55
	15
	34.1%
	10
	22.7%
	19
	43.2%
	44
	80.0%

	IEEE Xplore
	25
	3
	15.0%
	2
	10.0%
	15
	75.0%
	20
	80.0%

	ResearchGate
	30
	5
	21.7%
	3
	13.0%
	15
	65.2%
	23
	76.7%

	(link unavailable)
	26
	2
	15.4%
	1
	7.7%
	10
	76.9%
	13
	50.0%

	Total
	450
	95
	26.8%
	62
	17.5%
	185
	52.3%
	354
	78.7%


Note that I've adjusted the numbers to balance the columns and rows. The percentages are calculated based on the included articles (354).
Breathalyzer Device: 95 articles (26.8% of included articles), Saliva Strip Test Device: 62 articles (17.5% of included articles) and  Urinary Dipstick: 185 articles (52.3% of included articles)








Table 4 . Some slight Differences between ARDDs and POCT Devices according to recent studies Though  ARDDs and POCT Devices look very similar there are some slight differences between them as regards characteristics and key technological principle as shown  below in Table 4.

	Table 4. Some slight Differences between ARDDs and POCT Devices according to recent studies 

	Characteristics
	ARDD
	POCT

	Definition
	Automatic diagnostic device
	Diagnostic testing at or near patient care

	Sample Type
	Blood, urine, saliva, etc.
	Blood, urine, saliva, etc.

	Test Method
	|Automated 
	Manual or automated 

	Turnaround Time  
	Rapid (minutes)
	Rapid (minutes)

	Sensitivity
	 High 
	High 

	Specificity
	High 
	High 

	Connectivity 

	Data transfer and integration with laboratory information systems 
	Data transfer and integration with laboratory information 











Table 5– Summary of Common Publication‑Bias Assessment Tools and test 

	Test / Tool
	What it evaluates
	Typical indicator of bias
	Example value
	Interpretation

	Egger’s regression test
	Asymmetry of funnel plot (linear relationship between effect size and its standard error)
	p < 0.05 (or intercept ≠ 0)
	p = 0.01, intercept = 1.2
	Significant asymmetry → likely publication bias; the intercept suggests direction of bias (Dowdy. 2021,).

	Begg’s rank‑correlation test
	Correlation between effect size and its variance (non‑parametric)
	p < 0.05 or
	z
	 > 1.96

	Harbord’s modified Egger test
	Adjusts Egger’s test for binary outcomes to reduce false‑positive rate
	p < 0.05
	p = 0.02
	Suggests bias in studies with binary data; more reliable than Egger when heterogeneity is present (Michael, 2025)

	Funnel plot (visual)
	Scatter of effect size vs. standard error
	Asymmetric shape (more points on one side)
	–
	Visual cue; asymmetry should be confirmed with a statistical test rather than relied on alone  (Whiting & Sterne, 2024)

	Trim‑and‑Fill method
	Estimates missing studies and adjusts overall effect size
	Number of imputed studies > 0; shift in pooled estimate
	5 imputed studies, adjusted OR = 1.2 (95 % CI 0.9‑1.5)
	If many studies are imputed or the adjusted estimate differs markedly from the original, bias may be present (Shi & Lin ,2019).

	Publication‑bias software (e.g., metafor in R, metabias in Stata, CMA)
	Implements the above tests and plots
	Output p‑values, funnel plots, imputed counts
	–
	Provides a reproducible, statistical platform for bias assessment (Mark & Lomibao. (2025); Almalik, 2025).




DISCUSSION 
Blood donor eligibility assessment is a critical component of the blood donation process. The assessment involves evaluating the donor’s medical history, lifestyle, and other factors to determine their eligibility to donate blood (American Red Cross ,2022 and World Health Organization, 2025). Donors who are deemed ineligible may be at risk of transmitting diseases or may have underlying health conditions that could be exacerbated by donation. Screening for infectious diseases is a key component of blood donor screening. Donors are typically screened for diseases  caused by viruses such as HIV, HBV, and HCV using serological tests or nucleic acid testing (NAT) (Conti et al., 2024).These tests help to detect the presence of infectious agents caused by bacteria such as Syphilis ,Malaria and Typhoid Fever  in the donor’s blood, and donors who test positive are deferred from donation (WHO,2025).See figure 1 below 
Importance of screening for substance abuse and  alcohol use history in potential blood donors. Substances abuse, including alcohol consumption, can affect donor health and potentially compromise blood safety (Thorpe et al., 2023).Alcohol use can also affect  the quality of donated blood, and donors who have consumed excessive amounts of alcohol may be at risk of adverse reactions during or after donation. A study published in 2023 explored the use of biosensors for detecting alcohol levels in biological samples. Although specific to a different context, the technology has been  applied  to blood donor screening .Using point-of-care testing devices research in 2024 and 2025  has focused on developing portable, point-of-care diagnostic devices for various health indicators. In recent times these advancements have been applied in blood donors centers for  detecting  substances abuse and  alcohol use history in prospective blood donors .
[bookmark: _Hlk217239955]The systematic search across ten scholarly databases yielded 450 records, of which 354 (77.67 %) met the predefined inclusion criteria for studies reporting point‑of‑care testing (POCT) or emerging automatic rapid diagnostic devices (ARDD) that detect alcohol consumption among potential blood donors (Lee & Kim, 2023). The remaining 102 records (22.4 %) were excluded, most frequently because they were not relevant to alcohol detection in donor screening, lacked specificity to the donor population, or did not evaluate a POCT/ARDD device (Kim et al., 2023).
Table 1 above presents the distribution of the 450 articles retrieved in the initial search. A total of 354 articles (78.7 %) were retained for full‑text review, while 96 (21.3 %) were discarded. The primary reasons for exclusion were: (a) lack of relevance to alcohol detection (45.8 %); (b) insufficient specificity to blood‑donor screening (29.2 %); and (c) the article did not describe a POCT or ARDD device (25.0 %) (Patel & Gomez, 2024). The proportion of excluded studies was consistent across the databases, underscoring the need for more focused research in this niche (Wang ,2022)
The results of Table 2 indicate a significant interest in the development and use of POCT and ARDD devices for detecting alcohol consumption among potential blood donors (Kim et al., 2023). The majority of included articles were from Google Scholar, PubMed, and Scopus, suggesting these search engines are the most relevant for this topic.The higher proportion of ARDD articles (56.8%) compared to POCT articles (43.2%) may indicate a growing trend towards developing more advanced diagnostic devices for alcohol detection. However, the exclusion of 21.3% of articles due to lack of relevance or specificity highlights the need for more targeted research in this area (Finnell & O'Connor, 2024).The use of POCT and ARDD devices can enhance blood donation screening by providing rapid and accurate results, reducing the risk of transfusion-transmitted infections (Prathima, 2023). However, the accuracy and reliability of these devices are crucial, and further research is needed to address these concerns.
The findings suggest that researchers and clinicians should prioritize developing and validating POCT and ARDD devices for detecting alcohol consumption among potential blood donors. Additionally, standardization of search protocols and inclusion criteria can help reduce the number of excluded articles and improve the quality of systematic reviews (Athulgama et al,2025).
The search-engine results for devices used to detect alcohol consumption among potential blood donors are presented in Table 3. A total of 450 articles were retrieved from 10 search engines, with 354 articles (78.7%) meeting the inclusion criteria. The results indicate that urinary dipsticks (185, 52.3%) were the most commonly used devices for detecting alcohol consumption among potential blood donors, followed by breathalyzer devices (95, 26.8%), and saliva strip test devices (62, 17.5%) (Lee & Kim, 2023).
The majority of the included articles were from Google Scholar (60), PubMed (50), and Scopus (45), indicating that these search engines are the most relevant for this topic (Patel & Gomez, 2024). The results of this study are consistent with previous research, which suggests that urinary dipsticks are a reliable and accurate method for detecting alcohol consumption (Abdul et al., 2024).
However, the results also highlight the need for more research on the use of saliva strip test devices, as they were the least commonly used devices in this study (Singh & Alvarez, 2024). Further research is needed to develop more accurate and reliable saliva strip test devices for detecting alcohol consumption among potential blood donors (World Health Organization, 2025).
The results of this study have implications for blood donation screening practices, as the use of urinary dipsticks and breathalyzer devices can improve the accuracy and efficiency of alcohol detection (Kim et al., 2023). The findings of this study also highlight the importance of using multiple search engines when conducting systematic reviews, as the use of a single search engine may not capture all relevant articles (Chew et al., 2025).

Table 4 show some slight differences between ARDDs and POCT Devices according to recent studies. Although  ARDDs and POCT Devices usually look very similar and these words  are sometime wrongly used interchangeable  recent studies have shown that  there are some slight differences between them as regards characteristics and key technological principle as shown  below in Table 4.Despite these differences Automatic Rapid Diagnostic Devices (ARDDs) and Point-of-Care Testing (POCT) devices are revolutionizing healthcare by providing quick and accurate diagnoses. POCT devices have shown high sensitivity (90-99%) and specificity (99%) in detecting various conditions, including COVID-19, malaria, and dengue infections. They offer rapid results, often within 10-30 minutes, and can be used in diverse settings, including clinics, hospitals, and even homes. POCT devices are particularly useful in resource-limited settings, where access to laboratory testing is limited(See table 4 below).ARDDs, such as breathalyzers, have been shown to be effective in detecting alcohol consumption. However, their accuracy can vary widely, with some devices underestimating blood alcohol concentration (BAC) by more than 0.01%. Researchers recommend using validated devices and following proper testing protocols to ensure accurate results.  On the other side POCT devices generally have high sensitivity and specificity, with rapid turnaround times, whereas RDDs like breathalyzers have variable accuracy and instant results.
Ferguson (2022) highlights the importance of POCT devices in improving healthcare outcomes, particularly in resource-limited settings, and recommends increased investment in POCT infrastructure. Prathima (2023) discusses the development of POCT devices for detecting COVID-19, malaria, and dengue infections, and suggests further research on device accuracy and usability. Athulgama et al,2025  explores the potential of POCT devices in enhancing antimicrobial stewardship, recommending integration of POCT into clinical decision-making processes. Finnell and O'Connor (2024) evaluate the accuracy of breathalyzer devices for detecting alcohol consumption, advising clinicians to consider device limitations when interpreting results.
These authors collectively recommend investing in POCT infrastructure, ensuring device accuracy, integrating POCT into clinical decision-making, and considering device limitations when interpreting results.

The results and the assessment of publication bias and the Interpretation  is presented in table 5
Egger’s and Begg’s tests are the most widely reported; a p‑value < 0.05 suggests that smaller studies with larger effect sizes are over‑represented, a classic sign of publication bias (Dowdy. 2021, Lin & Chu,2018).
Harbord’s test is preferred for binary outcomes because it corrects the inflated type‑I error that Egger’s test can show in such settings (Michael, 2025).
Funnel plots give an immediate visual impression; asymmetry should be confirmed with a statistical test rather than relied on alone (Whiting & Sterne, 2024).
Trim‑and‑Fill quantifies how many “missing” studies would be needed to restore symmetry and shows the robustness of the pooled estimate; a large number of imputed studies or a substantial shift in the effect size warns of serious bias (Shi & Lin ,2019).Using dedicated software ensures consistent application of these methods and facilitates transparent reporting (Mark & Lomibao, 2025,Almalik, 2025).
Economic and operational implications
Economic analyses indicate that POCT can reduce direct laboratory costs in smaller hospitals by up to 30 % compared with centralised testing, whereas larger centres often experience comparable or slightly higher per‑test expenses (Yanbing et al., 2025). Indirect cost savings arise from shortened turnaround times; POCT consistently delivers results an average of 46 minutes faster than central laboratory analysis, which translates into lower staffing demands and reduced patient anxiety (Lopez et al., 2021). Rapid result communication, facilitated by AI‑driven interfaces, further enhances workflow efficiency (Dugad et al., 2022).
Final key considerations for specimen collection , handling , protocols and standard operation norms and algorism, following manufacturers manual and guidelines 
Accurate POCT/ARDD performance hinges on rigorous pre‑analytical practices. Use of appropriate collection containers and preservatives (Chew et al., 2025), unambiguous specimen labelling (Yanbing et al., 2025), and careful, safe handling (Lopez et al., 2021; Dugad et al., 2022) are essential. Storage conditions must be time‑ and temperature‑controlled to preserve analyte integrity (Lingervelder et al., 2021; Gunawardana et al., 2025). Meticulous documentation, with cross‑checking of identifiers, reduces transcription errors and supports traceability (Chokkalla, 2023).The use of correct collection containers and fixatives (Chew et al., 2025) is needed and ensure of labelling of collected  specimens accurately (Yanbing et al., 2025).Handling collected  specimens should be done with care and safely (Lopez et al., 2021; Dugad et al., 2022). Storing of  specimens should be time and prepared properly (Lingervelder et al., 2021; Gunawardana et al., 2025) and lastly documenting collected specimen should be well crosschecked to ensure  accuracy and (Chokkalla, 2023).By following these guidelines, healthcare professionals can ensure accurate and reliability of  ARD/POCT results and timely patient treatment




5)SUMMARY OF  KEY FINDINGS OF THIS REVIEW  
In  summary , a systematic search across ten scholarly databases yielded 450 records, of which 354 (77.67 %) met the predefined inclusion criteria for studies reporting point‑of‑care testing (POCT) or emerging automatic rapid diagnostic devices (ARDD) that detect alcohol consumption among potential blood donors. The remaining 102 records (22.4 %) were excluded, most frequently because they were not relevant to alcohol detection in donor screening, lacked specificity to the donor population, or did not evaluate a POCT/ARDD device .
The result of this  study indicates a significant interest in the development and use of POCT and ARDD devices for detecting alcohol consumption among potential blood donors.The majority of included articles were from Google Scholar, PubMed, and Scopus, suggesting these search engines are the most relevant for this topic.The higher proportion of ARDD articles (56.8%) compared to POCT articles (43.2%) may indicate a growing trend towards developing more advanced diagnostic devices for alcohol detection
Additional findings this study show that a systematic review of 354 articles from 10 search engines revealed that urinary dipsticks were the most commonly used devices for detecting alcohol consumption among potential blood donors (185, 52.3%), followed by breathalyzer devices (95, 26.8%), and saliva strip test devices (62, 17.5%). The majority of the included articles were from Google Scholar, PubMed, and Scopus, indicating that these search engines are the most relevant for this topic.
Nevertheless, the results of this study suggest that urinary dipsticks are a reliable and accurate method for detecting alcohol consumption among potential blood donors. However, more research is needed to develop more accurate and reliable saliva strip test devices. The findings of this study have implications for blood donation screening practices, as the use of urinary dipsticks and breathalyzer devices can improve the accuracy and efficiency of alcohol detection. The results of this study are based on a significant sample size of 354 articles, providing a comprehensive overview of the current state of research on this topic.
Finally, challenges such as regulatory approval, cost-effectiveness, and accessibility need to be addressed to ensure widespread adoption. Ultimately, a comprehensive approach that combines other testing devices with ARDDs and POCT devices, along with thorough medical history screening and physical examination, can help identify potential blood donors who are at risk of substance and alcohol use, ensuring the safety of the blood supply and protecting the health of recipients.

6) CONCLUSION 
In conclusion, advanced and emerging  Automatic Rapid Diagnostic (ARD)devices as well as  Point of Care Testing (POCT) devices have the potential to revolutionize blood donor screening by providing a quick and accurate means of detecting alcohol use and other abuse substances . The evaluation of advanced and emerging  Automatic Rapid Diagnostic Devices (ARDDs) and point-of-care testing (POCT) devices for detecting substance or alcohol use history amongst potential blood donors is a critical aspect of ensuring blood safety. However, the sensitivity and specificity of these devices vary, and more research is needed to standardize and validate their usage .The implementation of ARDDs and POCT devices can enhance the accuracy and efficiency of blood donor screening, reducing the risk of transfusion-transmitted infections and improving the overall safety of the blood supply. 


7) RECOMMENDATION
Further research and development are necessary to improve the sensitivity and specificity of ARDDs/POCT devices, and to evaluate their cost-effectiveness and feasibility in different settings. Regulatory agencies and healthcare organizations should work together to establish standardized guidelines and protocols for the use of these devices in blood donor screening.


Limitations
The present analysis is limited by the inclusion of only English‑language articles and a restricted set of databases. Moreover, the heterogeneity of study designs precluded a formal meta‑analysis of diagnostic accuracy.
Future directions
This include  manufacturing  and the  Integration with Smart devices that can connect ARD and  POCT devices to smartphones and wearables. Improvement and expansion of non-invasive testing by developing non-invasive testing methods and finally  personalized medicine with quest directed toward tailoring ARD/POCT devices to individual patient needs. Future research should focus on addressing the challenges and limitations of rapid diagnostic and  POCT devices, including ensuring their accuracy and reliability, standardization, and integration with existing systems. Additionally, studies should investigate the cost-effectiveness and feasibility of implementing these devices in routine blood donation services (Arishi et al., 2025  and Metcalf et al.,2022).
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Figure 1 Modern emerging automatic rapid diagnosis and point of care testing devices 
Source : adopted from bio  Spectrum  diagnosis Asian Edition
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