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The question of optimal screening strategy, specifically whether a one-step or two-step approach is superior, 

remains a point of contention across various medical disciplines. This debate, often fueled by differing 

priorities in sensitivity, specificity, cost, and patient burden, continues without a definitive consensus. The 

core of the disagreement lies in balancing early detection with the potential for overdiagnosis and unnecessary 

interventions.

K E Y  TA K E AWAY S

º The Pivot: The fundamental disagreement centers on the trade-offs between immediate comprehensive 

assessment and a phased, confirmatory approach.

º The Data: No single study definitively establishes one screening strategy as universally superior across 

all contexts, leaving clinicians to weigh specific patient and resource factors.

º The Action: Clinicians must evaluate the specific clinical context, available resources, and patient 

preferences when choosing between one-step and two-step screening protocols.

The concept of screening, whether for disease or environmental hazards, hinges on identifying a condition early enough to 

intervene effectively. But the method of identification itself is a source of ongoing debate. Should a single, comprehensive 

test provide the initial and definitive answer, or should an initial, often less invasive or costly, test be followed by a more 

specific confirmatory test? This question is not merely academic; it dictates resource allocation, patient anxiety, and the 

potential for both missed diagnoses and overdiagnosis.

Consider the realm of environmental monitoring, where the rapid and accurate detection of toxic substances like ammonia 

is vital for industrial safety and public health. Conventional gas sensors, often operating at elevated temperatures, 

consume significant power. This presents a practical challenge for continuous, widespread monitoring. Pure metal oxides 

and conductive polymers, while showing potential, frequently suffer from aggregation and suboptimal performance under 

ambient conditions, limiting their utility in real-world applications. These limitations drive the search for more efficient, 

room-temperature sensing technologies.1,2,3

Innovations in Ammonia Sensing: A One-Step Synthesis
Recent research has explored novel materials for ammonia detection, focusing on room-temperature operation and 

simplified fabrication. Shangguan, Xu, and Wang, publishing in Sensors (Basel), synthesized hierarchical porous 

V2O5/PANI composites using a straightforward one-step coprecipitation method combined with in situ polymerization.1 

This approach aimed to overcome the inherent limitations of traditional sensors, particularly their high power 
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consumption and poor performance at ambient temperatures. The interlaced architecture of polyaniline (PANI) and 

vanadium pentoxide (V2O5) in these composites effectively reduces structural aggregation, a common issue with pure 

metal oxides and conductive polymers. This reduction in aggregation, in turn, increases the availability of surface active 

sites, which are essential for efficient gas adsorption and detection.1

The synergistic interaction at the bi-phase interface within these V2O5/PANI composites significantly enhances 

charge carrier transport. Improved charge transport directly translates to better ammonia-sensing capabilities at room 

temperature. The composite containing 20% V2O5 demonstrated superior response, selectivity, and reproducibility 

toward 10 ppm NH3. This level of performance at ambient conditions, without external heating, represents a notable 

advancement for practical applications in low-concentration ammonia detection. The simplicity of the fabrication 

process further supports its potential for widespread adoption, eliminating the need for complex multi-step synthesis 

or energy-intensive operation.1

But the focus on a one-step synthesis for the sensor material itself does not resolve the broader clinical or industrial debate 

about screening protocols. It merely provides a more efficient tool. The question remains: how should this tool, or any 

advanced diagnostic, be integrated into a screening strategy? Is a single, highly sensitive and specific test sufficient, or 

does it still require a confirmatory step to minimize false positives or negatives, particularly in high-stakes environments? 

The development of a highly effective sensor, while valuable, only shifts the discussion to its application within a larger 

diagnostic pathway.

The Broader Screening Conundrum
The one-step versus two-step screening debate extends far beyond environmental sensors into human health. Consider 

cancer screening, where a mammogram (one-step) might be followed by a biopsy (two-step) if abnormalities are detected. 

Or prenatal screening, where non-invasive prenatal testing (NIPT) (one-step) often requires amniocentesis or chorionic 

villus sampling (CVS) (two-step) for confirmation. Each approach carries distinct advantages and disadvantages. 

A one-step approach, if sufficiently accurate, offers immediate results, reduces patient anxiety from waiting for 

confirmatory tests, and can be more cost-effective by avoiding subsequent procedures. But if the single test has imperfect 

specificity, it risks a higher rate of false positives, leading to unnecessary follow-up procedures, increased patient 

stress, and potential iatrogenic harm. Conversely, if sensitivity is compromised, it risks false negatives, delaying critical 

interventions.

A two-step approach, by contrast, typically uses a highly sensitive initial screen to cast a wide net, followed by a more 

specific, often invasive or expensive, confirmatory test for those who screen positive. This strategy aims to minimize 

false negatives in the initial phase while using the second step to reduce false positives. The trade-off is often increased 

patient burden, prolonged anxiety, and higher overall costs due to the additional testing. The challenges of ensuring 

timely cancer screening highlight the complexities of these decisions in real-world clinical practice. The optimal choice 

often depends on the prevalence of the condition, the severity of the disease if missed, the safety and cost of the tests, 

and the psychological impact on the patient.

The papers on ammonia sensing, while not directly addressing human clinical screening, highlight a universal principle: 

the pursuit of efficiency and accuracy in detection. Shangguan, Xu, and Wang's work on V2O5/PANI composites 

demonstrates a one-step synthesis for a highly effective sensor.1 This mirrors the desire in clinical diagnostics for a 

single, definitive test that is both accurate and easy to implement. But even with such a sensor, the decision to rely 
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solely on its initial reading versus requiring a secondary verification remains. For instance, in an industrial setting, a 

single positive reading from a V2O5/PANI sensor might trigger an immediate evacuation (one-step response), or it might 

prompt a second, more detailed environmental analysis before action is taken (two-step response). The choice depends 

on the risk tolerance and the consequences of a false alarm versus a missed hazard.

The Role of Advanced Analytics in Screening
While the ammonia sensor research focuses on material science, other advancements in detection involve sophisticated 

data analysis. Le, Shin, and Lee's work, also published in Sensors (Basel), explores forecasting univariate 

root-mean-square vibration sequences using statistical, deep learning, and foundation models.2 Although this research 

pertains to rotating-machinery datasets, its underlying principle of using advanced computational models for early 

detection and prediction holds relevance for screening strategies. These models can process complex data patterns to 

identify subtle anomalies that might indicate an impending failure or, by extension, a developing disease. The integration 

of such predictive analytics could potentially enhance the accuracy of initial screening steps, making a one-step approach 

more viable by reducing false positives and negatives. But the complexity of these models also introduces new challenges, 

such as interpretability and the need for large, high-quality datasets for training.

The development of green synthesis methods for nanomedicines, as reviewed by Zhong and Li in Polymers (Basel), 

further illustrates the drive for efficient and sustainable solutions in diagnostics and therapeutics.3 While their focus is 

on polypyrrole-based nanomedicines for cancer theranostics, the emphasis on a 'green synthesis' (often implying fewer 

steps, less waste, and simpler processes) aligns with the broader push for streamlined, effective medical interventions. 

If a diagnostic agent can be synthesized efficiently and then deployed as part of a highly accurate one-step diagnostic, 

it could revolutionize early disease detection. But the journey from material synthesis to clinical application is long, 

requiring rigorous validation of safety and efficacy, particularly for internal use in humans. The challenges in diagnosing 

conditions like maternal sepsis highlight the need for both rapid and reliable diagnostic tools, regardless of the number 

of steps involved.

Where the Debate Falls Short
The primary limitation in resolving the one-step versus two-step screening debate is the lack of universal applicability. 

What works for detecting ammonia in an industrial environment may not translate directly to screening for a complex 

human disease. Each screening context has unique variables: the prevalence of the condition, the consequences of a false 

positive or false negative, the cost and invasiveness of the tests, and the psychological impact on the screened individual. 

For example, a highly sensitive but less specific initial screen might be acceptable for a rare, aggressive cancer where 

early detection is paramount, even if it leads to more false positives. But for a common, benign condition, a highly 

specific initial screen might be preferred to avoid widespread unnecessary follow-ups.

The studies provided, while demonstrating advancements in sensor technology and material science, do not offer direct 

evidence to resolve the one-step versus two-step screening debate in a clinical context. They highlight the potential 

for more efficient and accurate detection tools, but the strategic deployment of these tools remains a separate, complex 

decision. The V2O5/PANI composite sensor, for instance, offers superior response and selectivity for ammonia detection 

at room temperature due to its simple fabrication and enhanced charge transport.1 This innovation could simplify the 

initial detection step. But whether this single detection is sufficient, or if it should trigger a secondary, more detailed 
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analysis, depends on the specific application and the acceptable margin of error. The use of Doppler measures to identify 

brain injury risk in fetal growth restriction provides another example of a highly specialized diagnostic that, while 

powerful, often fits into a broader, multi-step assessment pathway rather than standing alone as a definitive one-step 

screen.

The ongoing development of advanced materials and analytical models will undoubtedly improve the accuracy and 

efficiency of individual diagnostic tests. But the fundamental decision of how to sequence these tests within a screening 

program will likely remain a clinical judgment call, balancing the benefits of early detection against the risks of 

overdiagnosis and patient burden. The Oxford Handbook of General Practice, 5th Edition, offers practical guidance 

for navigating such complex decisions in primary care, emphasizing evidence-based approaches tailored to individual 

patient needs. The challenge is not just in creating better sensors or algorithms, but in designing screening pathways that 

are both effective and humane.

CLINICAL IMPLICATIONS

The persistent debate over one-step versus two-step screening protocols highlights a fundamental tension in 

clinical practice: the desire for definitive, immediate answers versus the need for cautious, confirmatory steps. 

For clinicians, this means no universal solution exists. Each screening scenario, from cancer to infectious 

disease, demands a careful evaluation of prevalence, test characteristics, and the potential for patient harm 

from either missed diagnoses or overdiagnosis. Relying solely on a single, highly sensitive test might seem 

efficient, but it risks a cascade of unnecessary follow-ups if specificity is not equally robust.

The industry, in its pursuit of innovative diagnostics, often focuses on developing highly accurate individual 

tests. While advancements like the room-temperature ammonia sensor are impressive, they do not inherently 

dictate the optimal screening strategy. Manufacturers must consider how their products integrate into existing 

clinical pathways and provide data that supports not just the test's accuracy, but its utility within a broader, 

multi-step diagnostic algorithm. The drive for 'one-step' solutions in product development needs to align with 

the 'two-step' reality of clinical decision-making, where confirmation often remains essential.

Patients, meanwhile, bear the brunt of this unresolved debate. A one-step approach can offer rapid 

reassurance or prompt immediate action, reducing the anxiety of waiting. But it also carries the risk of 

false positives, leading to unnecessary procedures and psychological distress. A two-step approach, while 

potentially more accurate overall, prolongs the diagnostic journey and can heighten anxiety. Clinicians must 

engage in transparent discussions about these trade-offs, explaining the rationale behind chosen screening 

protocols and managing patient expectations regarding potential follow-up tests. The goal is not just detection, 

but detection that serves the patient's best interests holistically.

EDITORIAL & AI STANDARDS
AI tools are used solely to structure and summarise evidence from peer-reviewed primary sources. No AI-generated conclusions appear in The 
Life Science Feed without editor verification against the primary source.
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