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Abstract

Respiratory viruses cause recurrent epidemics and can trigger pandemics, making reliable detection and surveillance a continuing
public-health priority. Al agents could support the diagnostic, genomic, and epidemiological analyses underlying this work, but their
reliability across these tasks remains uncertain. We introduce BioSecBench-RespiratoryVirus-Surveillance, a benchmark of 110 evaluations
examining how respiratory viruses are detected, characterized, and tracked across populations. Each evaluation pairs a surveillance
question and source materials with task-specific grading criteria for numerical, categorical or structured outputs. Across 34 model-harness
configurations (21 models, three offline runs per evaluation), the highest preliminary overall pass rate was 25.5% (Opus 5.5 / PI), followed
by Opus 5.5 / Claude Code (19.4%) and Gemini 4 Argon / PI (17.6%). Six models led or tied for the lead in at least one of the 17 displayed
evidence-source, decision-type or failure-class groups, and the highest mean pass rate among the six challenge classes was 19.2%.

Introduction

Respiratory viruses cause recurrent epidemics and can trigger pan-
demics [1], creating a continuing need to detect emerging threats and
track ongoing disease burden [1, 2, 3]. Surveillance and epidemiol-
ogy inform public-health responses by establishing which viruses are
circulating, how they are spreading, and whom they affect [1,4]. This
work requires analyses across laboratory, genomic, and population-
level evidence. Diagnostic scientists assess whether assays reliably
detect circulating viruses, including when sequence variation affects
assay targets [5, 6]. Bioinformaticians use sequencing data to identify
pathogens [7], characterize viral variation [8], and investigate trans-
mission [9], while epidemiologists use clinical and environmental
observations to estimate circulation and burden [4, 10] and forecast
future activity [11, 12].

Al agents that combine planning, specialized tools, and code execu-
tion could support these diagnostic, genomic, and epidemiological
analyses. Existing benchmarks evaluate biological data analysis, bioin-
formatics workflows, and research-study-scale tasks [13, 14], while
BioSecBench-Surveillance evaluates agents on analysis pipelines for
pathogen genomic surveillance [15]. These efforts motivate a more
focused question: how reliably can agents perform the range of anal-
yses needed for respiratory-virus surveillance and epidemiology?
We introduce BioSecBench-RespiratoryVirus-Surveillance, a bench-
mark of 110 evaluations spanning diagnostic assay development and
evaluation; pathogen discovery and characterization; viral evolution
and transmission; and population circulation, disease burden, and
forecasting. Each evaluation pairs a scientific question and source
materials with task-specific grading criteria. We assess performance
across scientific categories to understand how reliably agents perform
these analyses and where their limitations could affect efforts to detect
emerging respiratory threats and track disease burden.

Benchmark Construction

The benchmark contains 110 evaluations across four areas of
respiratory-virus surveillance and epidemiology: diagnostic assay
development and evaluation (25), pathogen discovery and microbial-

community characterization (25), viral evolution and transmission
(30), and population circulation, disease burden, and forecasting (30).
Tasks concern SARS-CoV-2, respiratory syncytial virus, influenza, and
other respiratory viruses, drawing on genomic sequences, diagnostic
measurements, clinical records, and environmental and animal mon-
itoring data. Figure 2 summarizes the cohort by scientific category,
viral surveillance targets, evidence source, and requested decision.

Each evaluation asks agents to answer a scientific question using
a published dataset available online. We tested 34 model-harness
configurations spanning 21 models, with three offline runs per evalu-
ation using PI, Claude Code, Codex, or Grok Build. We graded the
requested outputs using task-specific numerical tolerances, categor-
ical matching, and structured-output checks. We report pass rates
overall and by scientific category and failure class.

Results

Leaderboard and efficiency

The highest overall pass rate was 25.5%, achieved by Opus 5.5 / PI
(95% CI 18.8-32.1; Figure 1A). Opus 5.5 / Claude Code followed at
19.4%, then Gemini 4 Argon / PI at 17.6%. The two leading config-
urations used the same model, but its pass rate was 6.1 percentage
points higher with PI than with Claude Code.

Pass rates were similar between harnesses for most models, while
larger differences favored different harnesses depending on the model.
Seven of the 13 models tested under two harnesses had pass rates
within one percentage point. GPT-6.1 Terra scored 4.5 percentage
points higher with Codex than with PI, whereas GPT-6 Astra scored
3.0 points higher with PI than with Codex.

Similar performance also came at different resource costs (Figure 1B
D). Gemini 3.8 Flash / PI and Nemotron 3 Ultra 550B A55B / PI both
achieved a 7.3% pass rate, but Gemini averaged $1.24 per run com-
pared with $0.22 for Nemotron. Gemini also generated 56.0 thousand
output tokens per run compared with 12.8 thousand, and took 31.3
minutes compared with 10.4 minutes. In this comparison, greater
resource use did not yield a higher pass rate.
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Figure 1: Pass rate by configuration. (A) Mean pass rate over the 110 evaluations, with 95% Student’s t intervals taken over per-evaluation pass rates;
colour marks the model’s lab. Refusals count as failures. (B-E) Pass rate against mean reported cost, output tokens, wall-clock time and tool calls per

completed, non-refused run, on log scales. The dashed line marks the efficiency frontier.
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Figure 2: Benchmark anatomy. All 110 selected evaluations by (A) scientific category, the area of surveillance analysis; (B) viral surveillance targets,
named viruses or defined surveillance groups; (C) evidence source, the types of observations or measurements analyzed; and (D) decision type, the
requested analytical endpoint. Categories and decision types have one label per evaluation. Targets and evidence sources permit multiple labels, with
each evaluation counted once per applicable label. Other includes targets represented in only one evaluation and unspecified respiratory viral targets.
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Figure 3: Pass rate by scientific category. Bars show the mean across 21 models, pooling available harness counts within each model and evaluation
before averaging evaluation pass rates. Dots show individual model-harness configurations. Colour highlights the best configuration from each of the
top four labs, ranked by overall pass rate; other configurations are grey. Category labels give evaluation counts. Refusals count as failures.

Performance by category

Mean pass rates were highest for pathogen discovery and lowest for
population surveillance (Figure 3). Averaged across the 21 models,
pass rates were 16.7% for pathogen discovery, 10.9% for diagnostic
assays, 7.3% for evolution and transmission, and 4.3% for population
surveillance. This pattern held across most models: discovery was
the highest-scoring category for 16 of 21 models, including one tie,
while population surveillance was the lowest for 16, including two
ties.

Opus 5.5 had the highest overall pass rate, but other models led on
specific evidence sources, decision types, and failure classes (Fig-

ure 4). Six models led or tied for the lead in at least one of the 17
displayed groups. Grok 4.7 scored 34.8% on animal-monitoring tasks,
compared with 15.2% for Opus 5.5. Sonnet 5.5 led on evaluations
grouped under unsupported identity or transmission claims at 38.9%,
compared with 19.4% for Opus 5.5.

Healthcare-record analyses and temporal or geographic decisions
had low mean pass rates across models. For evaluations using case
notifications and healthcare records, the mean pass rate was 1.8% and
the highest model score was 7.7%. For evaluations asking models
to identify temporal or geographic patterns, the mean pass rate was
2.0%, and 13 of the 21 models passed none of the 19 evaluations.
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Figure 4: Pass rate by evidence source, decision type and failure class. All 21 models, with available harnesses pooled within each evaluation, ordered
by overall pass rate. Evidence sources can overlap; decision type and failure class each assign one label per evaluation. Outlined cells mark column
leaders, including ties, and the bottom row is the mean over models. Columns with fewer than five selected evaluations are omitted and cells with

fewer than five observed evaluations are blank. Refusals count as failures.



Failure decomposition

Mean pass rates were below 20% in every failure class (Figure 5). Per-
formance was lowest on evaluations grouped under misread fields
or mismatched records (2.1%) and missing data treated as absence
(2.5%). In each group, 17 of 21 models passed no evaluations (Fig-
ure 4). By comparison, mean pass rates were 19.0% for wrong quan-
tities or denominators and 13.6% for invalid statistical or method
assumptions. Every model passed at least one evaluation in each of
these two groups.

Distinguishing artifacts from biological signals also remained difficult
across models. This was the largest observed failure class, covering
48 of 110 evaluations, with a mean pass rate of 7.5%. It included
errors in both directions: accepting artifacts as biological signals and
dismissing genuine signals as artifacts. Opus 5.5 led the group at
21.2%, indicating that the low average was not solely attributable to
weaker models.

Discussion
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Figure 5: Mean pass rate by failure class. Mean over the 21 models
of each model’s pass rate on the evaluations in the class, with available
harnesses pooled within each evaluation; n is the number of evaluations
in the class. Refusals count as failures.
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identify interpretation of the underlying records and measurements
as a recurring limitation in agents’ surveillance analyses.

A main limitation is the uneven coverage of respiratory viruses and
surveillance analyses. Coverage is shaped by the availability of suit-
able published datasets, with some viral targets, evidence sources,
and types of analysis represented more frequently than others. For
example, genomic evidence is prominent, while forecasting and
community-based surveillance receive less coverage. This limits how
broadly the results can be generalized across surveillance settings.
Future expansion should prioritize these gaps to provide a more
complete assessment of agent capabilities across respiratory-virus
surveillance.

We believe BioSecBench-RespiratoryVirus-Surveillance will be a use-
ful tool for practitioners assessing Al agents for respiratory-virus
surveillance and epidemiology. Its combination of task-level evalua-
tion and failure analysis provides a basis for comparing capabilities
relevant to their work. As agents improve, the benchmark can help
practitioners assess whether those improvements translate into more
reliable respiratory-virus surveillance.
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