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    Abstract
Introduction The dicentric chromosome (DC) assay accurately quantifies exposure to radiation, however manual and semi-automated assignment of DCs has limited its use for a potential large-scale radiation incident. The Automated Dicentric Chromosome Identifier and Dose Estimator Chromosome (ADCI) software automates unattended DC detection and determines radiation exposures, fulfilling IAEA criteria for triage biodosimetry. We present high performance ADCI (ADCI-HT), with the requisite throughput to stratify exposures of populations in large scale radiation events.

Methods ADCI-HT streamlines dose estimation by optimal scheduling of DC detection, given that the numbers of samples and metaphase cell images in each sample vary. A supercomputer analyzes these data in parallel, with each processor handling a single image at a time. Processor resources are managed hierarchically to maximize a constant stream of sample and image analysis. Metaphase data from populations of individuals with clinically relevant radiation exposures after simulated large nuclear incidents were analyzed. Sample counts were derived from US Census data. Analysis times and exposures were quantified for 15 different scenarios.

Results Processing of metaphase images from 1,744 samples (500 images each) used 16,384 CPUs and was completed in 1hr 11min 23sec, with radiation dose of all samples determined in 32 sec with 1,024 CPUs. Processing of 40,000 samples with varying numbers of metaphase cells, 10 different exposures from 5 different biodosimetry labs met IAEA accuracy criteria (dose estimate differences were < 0.5 Gy; median = 0.07) and was completed in ~25 hours. Population-scale metaphase image datasets within radiation contours of nuclear incidents were defined by exposure levels (either >1 Gy or >2 Gy). The time needed to analyze samples of all individuals receiving exposures from a high yield airborne nuclear device ranged from 0.6-7.4 days, depending on the population density.

Conclusion ADCI-HT delivers timely and accurate dose estimates in a simulated population-scale radiation incident.


Footnotes
	CrediT [Contributor Roles Taxonomy; www.casrai.org]: Conceptualization (Rogan), Data curation (Rogan, Ali, Lu, Shirley, Li), Formal analysis (Rogan, Mucaki, Lu, Ali, Shirley), Funding (Rogan, Waller, Knoll), Investigation (Rogan, Lu, Ali, Cooke, Peerlaproulx), Methodology (Rogan, Lu, Mucaki, Ali, Shirley), Project administration (Rogan, Waller, Knoll), Resources (Wilkins, Norton, Sevriukova, Pham, Ainsbury, Moquat, Cooke, Peerlaproulx), Software (Lu, Ali, Shirley, Li), Supervision (Rogan, Waller, Knoll), Validation (Lu, Mucaki), Visualization (Lu, Mucaki, Shirley), Writing (Rogan, Lu, Mucaki, Knoll)
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