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Abstract
Fecal Microbial Transplant (FMT) is an effective procedure for
restoring gut microbiome balance in patients with Clostridioides
difficile infection by introducing healthy donor microbes. Tracking
viral genomes during FMT provides insight into microbial commu-
nity transfer and recovery. We developed a viral detection workflow
that processes metagenomic samples to identify, dereplicate, cluster,
and annotate viral sequences using GeNomad, CheckV, MMseqs2,
and BLAST. The workflow links viral sequences to donor and pa-
tient samples, enabling longitudinal tracking. Traditionally, such
workflows run sequentially with predefined tools and steps. We
compare this workflow against an agent-based workflow that se-
lects the viral detection tool dynamically based on the sequence
quality and database match-scores of prior samples. Scaling exper-
iments show that parallelizing the workflow using Parsl reduces
runtime by over 50%. Tool comparison demonstrates trade-offs
in speed, quality, and match ratio, demonstrating the benefits of
adaptive, agent-driven workflows for scalable viral detection in
microbiome studies.
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1 Introduction
Fecal microbial transplantation (FMT) is a procedure in which stool
from a healthy donor is introduced into the intestinal tract of a re-
cipient. FMT is used to treat recurrent infections caused by Clostrid-
ioides difficile (C. diff ), a bacterium that disrupts the gut microbiome,
enabling overgrowth and disease. By introducing microbes from a
healthy donor, FMT can help restore microbiome balance.

Viruses are an understudied but important component of the
gut microbiome, particularly in the context of FMT. To investigate
their role in FMT-mediated recovery, we developed a viral detection
workflow to track viral populations as they move from donor to
recipient and change over the course of treatment. We applied this
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Figure 1: Agentic Workflow with Tool Selection
approach to metagenomic datasets from Smillie et al. [Smillie et al.
2018], which include longitudinal stool samples from FMT donors
and recipients.

2 Viral Detection Steps
To detect and annotate viral sequences in a FMT sample, our work-
flow uses GeNomad, CheckV, MMseqs2, and BLAST. The workflow
takes assembled contigs from each sample produces a list of de-
tected viruses, including identifiers that allow tracing to the original
patient or donor. The workflow processes as follows:

• Step 1: Viral Detection (GeNomad) – Run GeNomad on
all metagenomic samples using both machine learning and
homology-based methods.

• Step 2: Quality Assessment (CheckV) – Evaluate com-
pleteness and quality of predicted viral genomes.

• Step 3: Dereplication (MMseqs2) – Remove duplicate or
highly similar viral sequences across samples.

• Step 4: Clustering (MMseqs2) – Combine dereplicated
sequences and cluster to select representative sequences.

• Step 5: Identification (BLAST) 5a: Split representative
sequences into smaller files for efficient BLAST processing;
5b*: Create a BLAST database using the Aggregated Gut
Viral Catalogue (AVrC) [Galperina et al. 2025]. (*one-time
setup); 5c: Compare representative sequences against the
AVrC database.

• Step 6: Consolidation andAnnotation – 6a:Merge BLAST
output files into one file; 6b: Collect annotation info from
AVrC and link sequences to original sample IDs.

3 Computational Framework
We use Parsl, a Python library for developing parallel and dis-
tributed workflows, to execute viral detection tasks through tradi-
tional DAG-based execution, where task order is predefined and
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Table 1: Tool Comparison of Match Ratio, Quality and Time

Match Ratio Quality Ratio Time (Hours)

VirSorter2 0.276 0.0034 7.80
DeepVirFinder 0.065 0.0017 1.91

GeNomad 0.434 0.0026 2.18
Epsilon Greedy 0.388 0.0027 2.43

dependencies are resolved statically.While this approach is effective
for fixed workflows, it lacks adaptability and flexibility. To address
this, we use Academy, a framework for building modular, stateful
agents that operate asynchronously and communicate through mes-
sage passing. Unlike static DAGs, Academy enables persistent state
and flexible control logic, allowing the workflow to dynamically
adjust tool selection and execution strategies at runtime.

3.1 Adaptive Workflow with Tool Selection
To introduce adaptability into viral detection, we implemented an
agent-based workflow where tool selection is guided by an epsilon-
greedy algorithm (𝜖 = 0.6). At each iteration, the system selects one
of three viral detection tools (VirSorter2, DeepVirFinder, GeNomad)
based on performance metrics while balancing exploration and
optimization. These tools excel in different circumstances because
they employ fundamentally different strategies: VirSorter2 relies
on homology-based detection, DeepVirFinder uses a machine learn-
ing–based approach, and GeNomad combines ML and homology.

Two agents provide key feedback for performance evaluation:
• CheckV Agent: Assigns a quality score based on the pro-
portion of detected viral sequences classified as high quality.

• BLAST Agent: Assigns a match score based on the propor-
tion of viral sequences matching the reference database.

This feedback loop enables dynamic tool selection that improves
quality without compromising efficiency.

4 Evaluation
We evaluate workflow scalability and tool selection efficacy.

4.1 Scalability of the Linear Workflow
We evaluated scaling performance of our workflows by running
them with configurations ranging from 16 cores (out of 94 cores) to
8 compute nodes. We compare against a sequential baseline which
runs each step sequentially. As shown in Figure 2, execution time
decreased substantially when scaling to 4 nodes for both the linear
and adaptive workflows, dropping from approximately 4 hours to
around 2 hours. Beyond four nodes, additional scaling provided
minimal benefit, with execution times plateauing near 2 hours and
exhibiting low variability across higher node counts. This plateau
occurs because the workload is insufficiently large to fully utilize
more than four nodes. With 12 samples, the workflow continued to
improve up to six nodes before reaching a similar plateau, indicating
that a larger workload enables better utilization of additional nodes.

4.2 Adaptive Tool Selection Using Agents
Table 1 compares the quality and match ratios achieved by each
tool and the epsilon-greedy strategy which selects tools adaptively.

Figure 2: Workflow Scaling with three Samples.

VirSorter2 achieved the highest quality scores, whereas GeNomad
provided the best matches to the AVrC database, resulting in the
most accurate annotations for our current objectives. Execution
time varied between tools. DeepVirFinder was the fastest, followed
by GeNomad, while VirSorter2 required the longest runtime.

5 Summary
We developed a scalable viral detection workflow that combines
DAG-based parallel execution with agent-driven adaptive tool se-
lection. Using Parsl, the workflow efficiently executes tasks across
multiple compute nodes, while the epsilon-greedy agent dynam-
ically selects between VirSorter2, DeepVirFinder, and GeNomad
based on quality and match metrics, optimizing the trade-off be-
tween quality and annotative abilities.

We will analyze GeNomad-identified viruses, leveraging its high
match ratio, to track their transfer and persistence in FMT recovery,
also integrating VirSorter2 outputs for higher-quality sequences
and exploring additional annotation methods for deeper insights.
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