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Abstract 
The global surge in infectious diseases demands digital nucleic acid testing (dNAAT) platforms that combine ultra-

sensitivity, scalability, and interpretability. While digital PCR (dPCR) enables absolute quantification by isolating 

single DNA copies, traditional analysis methods relying on fluorescence imaging or flow cytometry struggle with 

throughput-speed tradeoffs, platform dependency, and opaque decision-making. Addressing these challenges, we 

present two AI-driven breakthroughs in optofluidic diagnostics. First, SAM-dPCR utilizes Meta’s Segment Anything 

Model (SAM)—pre-trained on 11 million natural images—to achieve zero-shot droplet quantification across 

formats (0.154–3.629×10³ copies/μL) at 97.10% accuracy, processing 600 droplets/frame in <4 seconds without 

fine-tuning. This outperforms supervised counterparts (Deep-qGFP: 206 labeled images for 96.23%; Mask R-CNN: 

60 images for 97.56%) while ensuring cross-platform robustness. Second, I²dPCR integrates CNN-based 

classification (99.05% accuracy for >300 droplets/image) with GPT-4o’s multimodal reasoning to bridge technical 

precision and clinical utility. It detects ultralow targets (90.32 copies/μL, AUC=0.98) and generates diagnostic 

narratives—e.g., correlating merged droplet patterns with surfactant deficiency and recommending protocol 

refinements. By unifying visual foundation models with explainable AI, our work redefines dNAAT’s role in 

precision medicine, transforming raw data into actionable biomedical insights. 
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