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Abstract
Epidemica is an open-source platform for building study apps that collect high-
resolution, multi-modal epidemiological data — including proximity contacts,
survey responses, and, in a companion transmission engine, a simulated infec-
tion outcome — and for running interventions over that data. It is organ-
ised as a set of versioned data and protocol contracts, implemented once each
in Dart client packages, an Elixir/Phoenix server, and a Python transmission
model, so that a study is authored as a configuration document rather than
a fork of an app. This paper describes the platform’s motivation, its architec-
ture, a reference application (a seven-day transmission game whose infections
are decided by a real contact network rather than scripted), and a purpose-
ful extension of that same contracts-first discipline to the agents that help
build it: machine-readable convention files that let a coding agent work in
this codebase without re-deriving rules that have already been paid for in de-
bugging time. We report the platform’s current state and discuss next steps
and further directions. Epidemica is available under the Apache-2.0 license at:
https://github.com/colabobio/epidemica

ark:24975/genrxiv-2026-00002

1. Introduction
Digital tools for infectious disease surveillance improved considerably over the
last decade, accelerated by the COVID-19 pandemic’s demand for contact trac-
ing at population scale [1–3]. What emerged, however, was mostly single-
purpose: an app that traces contacts, a survey platform that collects symptoms,
a simulation package that models spread — each built once, for one study, rarely
reused by the next. A research group that wants to measure a contact network,
ask participants how they felt about it, and feed the result into a transmission
model still assembles that pipeline from parts that were never designed to fit
together, and largely does so again for the next study.

Epidemica is an attempt at the alternative: infrastructure a study is assembled
from rather than built against. Its central claim is that this is possible with-
out sacrificing the two things a one-off app usually gets right by construction

— a data model that means exactly what the study needed it to mean, and a
epidemiological model a specific research question actually calls for — provided
the boundary between “what the platform guarantees” and “what a study de-
fines” is drawn as an explicit, versioned contract rather than left implicit in
whichever code happens to run.
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This paper describes that contract-first design, the reference implementation
built against it, and a companion application — a short transmission game in
which a phone’s own measured contacts, not a scripted schedule, decide who a
server-side epidemic model infects next. It also describes an extension of the
same discipline to a newer kind of collaborator: the coding agents now routinely
used to build and maintain a codebase like this one [4], for whom the same lesson
applies — an undocumented convention re-learned by trial and error is exactly
the failure mode contracts exist to prevent, whether the reader is a person or a
language model.

We do not report epidemiological results. Epidemica has not yet run a study
at the scale or duration its own milestones require, and this paper is explicit
about that — see §8. What we report is a platform whose internal seams have
been exercised end to end with real devices, whose behaviour is pinned down by
an automated test suite in three languages, and whose architecture we believe
generalises past its first reference application.

2. Related Work
Structured, empirical contact data has driven epidemiological modeling for
decades. Diary-based studies such as POLYMOD established that contact pat-
terns are age-structured and setting-dependent at a scale still cited in transmis-
sion models today [5], and RFID- or Bluetooth-based proximity studies — the
Copenhagen Networks Study among the largest — showed that sensor-derived
contact networks capture structure a diary cannot, at the cost of purpose-built,
non-reusable infrastructure for each deployment [6]. The COVID-19 pandemic
then produced a wave of literature on digital contact tracing specifically: model-
ing work argued that population-scale Bluetooth tracing could plausibly control
an epidemic if adopted widely enough [2], and real-world deployment of contact
tracing apps demonstrated measurable reductions in transmission [7], while com-
parative studies of tracing, testing and distancing measured what such interven-
tions achieved in practice [3]. Classical network epidemiology, meanwhile, had
already established that which contact network a model assumes changes its
qualitative predictions, not just their magnitude [8] — an argument for measur-
ing the real network rather than assuming a stylised one, which is Epidemica’s
proximity module’s entire job.

On the modeling side, agent-based transmission simulators — Covasim and the
wider Starsim family from the Institute for Disease Modeling being a widely
used example — demonstrated that a general disease-and-network simulation
framework, not a bespoke model per study, can serve a whole research program
[9–11]. Epidemica adopts this position directly: rather than writing its own
transmission mathematics, it treats an external simulator as the canonical au-
thority and limits its own scope to getting a measured network and a study
protocol into that simulator’s native shape.

Research data platforms such as REDCap solved an adjacent problem — a
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metadata-driven, reusable instrument for capturing structured research data
across studies without bespoke software per project [12] — for questionnaire-
style data. Epidemica’s survey module is deliberately compatible in spirit (a
versioned instrument definition, closed-response items, one contract every study
reuses) while extending the same reusable-instrument idea to passively sensed
data, which a form-based tool was never built to hold. FAIR data principles
[13] motivate a design choice that runs through the whole platform: every ob-
servation carries a schema URI that resolves to a machine-readable description
of what it means, so that a dataset remains interpretable independent of the
software that produced it.

Epidemica’s own lineage includes two prior single-purpose platforms built by the
same lab — Operation Outbreak, a proximity-sensing outbreak simulation app
originally developed by our group and deployed at over hundred of schools [14],
and Travel Healthy, a participatory surveillance app for international travelers
[15] — plus an early Epidemica-based prototype, Epigames, shown publicly
as a proof of concept at the International Pandemic Sciences Conference in
2025 [16], and multiple empirical deployments of epigames in university campus
settings that demonstrated measurable effects of risk perception and behavioural
interventions on simulated disease transmission dynamics [17, 18]. The scientific
rationale and broader vision for epigames as behavioural research instruments is
further developed in a recent opinion piece in Nature Health [19]. Each platform
solved its own problem well and duplicated infrastructure the next one needed
again; Epidemica is the generalisation of what those projects had in common.

3. Design Principles
Four decisions shape everything described in the sections that follow.

Contracts before code. Epidemica’s primary artifact is a versioned set of
JSON Schema contracts — what an observation looks like, what a study proto-
col declares, what the server publishes back to a participant — with reference
implementations of those contracts, not the contracts as an implementation de-
tail of one. A module, in this platform, is not “a package that happens to collect
proximity data”; it is a package that owns a payload contract, is activated and
configured at runtime by a study’s protocol document, and emits observations
into a shared, append-only store without ever touching another module’s data.
This is what makes a second module (surveys, described in §5) additive rather
than a rewrite, and it is what makes a study author’s job writing a configuration
document rather than forking an app.

One ingest path for every kind of data. Proximity episodes, survey an-
swers, and a module’s report of its own health all travel in the same observation
envelope: a wrapper the platform controls (who, which study, which protocol
version, when) around a payload the module controls and the platform never in-
spects. One sync engine, one offline queue, one retry policy, one export pipeline,
regardless of how many kinds of module a study combines.
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One canonical transmission model, not our own. Epidemica does not
implement epidemiology. A study’s transmission parameters are constrained
to be directly loadable as parameters of an external, general-purpose simulator
such as [11], and a measured contact network is exposed to that simulator as
a first-class network object rather than reimplemented as a parallel, drift-prone
mathematical model maintained in two languages. This was motivated by the
earlier approach in the pilot Epigames app, which specified both a server-side
and an on-device transmission implementation, and the risk that the two would
silently disagree was judged worse than the cost of running the canonical model
server-side and treating the phone as measurement, not computation.

A study’s identity is its bytes. A protocol bundle is a signed, versioned con-
figuration document, and the server stores and serves its exact bytes rather than
a re-derived copy. A participant’s device verifies the bundle’s hash before acti-
vating any module. The consequence that matters most in practice: a study’s
identity is its bundle’s hash, so a change to a study’s rules — intentional or a
typo — creates a new, distinct study that participants must (re-)join, rather
than silently mutating one they already joined mid-run.

4. Architecture
Figure 1 traces one observation’s round trip through the system. A study app
embeds one or more modules at build time — proximity sensing over Blue-
tooth Low Energy via the Herald protocol library [20], and scheduled survey
instruments are the two shipped today — each of which is handed a narrow
ModuleContext: its own configuration block from the protocol bundle, the study
and participant identifiers, a recorder, and nothing about any other module. Ob-
servations accumulate in a durable, on-device outbox (SQLite in write-ahead-
logging mode, chosen after an earlier design’s JSON-blob queue proved to cost
an unbounded rewrite per append and offer no retry semantics) and are drained
by a sync service whose only job is one upload pass; when to call it is left to
whatever manages the platform’s background execution, purposefully, because
that policy differs by operating system and by how aggressively a study needs
data in near-real-time.

One observation’s path from a phone to a published conclusion and back.

Figure 1: One observation’s path from a phone to a published conclusion and
back.

The server is a single Phoenix/Elixir application over PostgreSQL. Ingest is a
high-volume REST path built for constrained clients on unreliable networks:
batched, idempotent, authenticated by short-lived, per-device tokens rather
than a shared API key. Every accepted observation lands in one append-only
table; everything else — a contact list, a coverage judgement, a day’s simulated
outcome — is a projection derived from it, and is required to be exactly repro-
ducible from the observation store alone. This is what makes the observation
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store the platform’s actual system of record rather than one copy of the truth
among several: if a derived table and a full projection rebuild ever disagree, the
derived table is wrong by definition.

For studies that include a transmission model, a twin runtime settles one study-
day at a time by handing a single JSON document — the day’s reconciled con-
tact network, the participants’ declared choices, and each affected agent’s prior
state — to a Python subprocess that runs one simulated day against the canon-
ical transmission model and returns the updated states. The settlement this
produces is immutable: a study day, once decided, is never re-simulated against
different inputs, because participants are told its result and a live study cannot
retract a conclusion it has already published. Conclusions reach a participant’s
device through a state channel — a single document the server publishes and
the client can only read, never negotiate — which keeps a hard line between
what the platform has concluded (a settled score, a coverage judgement) and
what is true right now (a radio is or is not scanning), a distinction that proved
easy to blur in practice and is discussed further in §8.

Every payload contract, the protocol bundle format, and the participant-facing
state documents are JSON Schema, closed to additional properties, with
machine-checked valid and invalid examples for each. This is not incidental
tooling: it is what lets analysis code, generated client types, and server-side
validation all be produced from — and stay honest to — one specification
rather than three independently maintained approximations of it.

5. Epigames: A Digital Twin Reference Application
The platform’s first non-trivial application is a short transmission game: over
seven simulated days, participants carry a phone that senses nearby participants,
choose each day whether to spend points protecting themselves, and are scored
on contacts made and avoided — while a real epidemic, seeded onto the measured
contact network the participants themselves produced, decides who is actually
infected. It exists to prove a specific claim about the platform: that the same
client modules and the same server, unmodified, can run both a plain contact-
logging study and a study with game mechanics layered on top, so that “a
module” is a genuine reusable unit and not a description that only happens to
hold for one app.

Three properties of the design carry the whole game. First, every infection is
attributable to a specific, reconciled contact or to the study’s virtual population

— participants injected into the simulation to complete an epidemiologically
plausible population size around a real cohort too small to sustain transmission
on its own — never to an unexplained default. Second, the network aggregates
both sides of every encounter server-side, which is strictly more information than
either phone has alone and is why the earlier on-device transmission design (§3)
was set aside for this application. Third, a settled day’s score never changes
retroactively except by an explicit, audited carry-over rule that recomputes
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what was actually true on each earlier day it revisit.

Two extensions built on the same reference application illustrate how a study
author varies a platform-provided mechanism without touching platform code.
Arms let a study randomise its economics — different point values or protection
costs — across participants drawn by a weighted, deterministic assignment at
enrollment, with every rule resolved through one function that folds a study’s
defaults, its declared parameters, and a participant’s arm into the parameters
that actually govern their day; no scoring path is allowed a second, competing
notion of what a participant’s rules are. Scheduled surveys close a gap sensing
alone cannot: the sensors measure what happened, not what a participant knew,
believed, or felt about it, which for a study whose research question is about
understanding transmission is often the actual outcome of interest. Survey items
are restricted to closed responses by construction — no free-text field exists in
the instrument contract — which turns “the store should be pseudonymous”
from a policy statement into a structural guarantee the schema itself enforces.

6. Agentic Readiness
A platform built as an explicit contract between components generalises, we
argue, to a contract between a codebase and the coding agents that increasingly
help build and maintain it. The same failure mode that motivated §3 — a rule
known only by whoever last debugged it, silently violated by the next change —
recurs verbatim when the “next change” is proposed by an autonomous agent
with no memory of the debugging session that established the rule in the first
place.

Epidemica addresses this with the same discipline it applies to its data contracts:
writing non-obvious knowledge down, once, in a place an agent is specified to
read before acting. Two converging conventions serve this purpose. AGENTS.md
is a plain-Markdown, vendor-neutral convention supported by multiple coding-
agent tools, with nested files resolved nearest-first so that subdirectory-level
conventions can override or extend the root. CLAUDE.md is a related, tool-specific
convention that concatenates a hierarchy from managed policy to project-local
file, and prefers brevity — content an agent can derive from the codebase should
not be restated, leaving space for what cannot: pitfalls, rationale, and hard-won
conventions. It also adds pointers to reusable Agent Skills — named, invokable
procedures for recurring workflows.

This section is itself an instance of its own argument: this manuscript was sub-
stantially drafted by a coding agent operating under exactly these conventions,
and the venue we submit it to — an archive built on the premise that AI in-
volvement in research writing is the default rather than an exception requiring
disclosure [21] — is evidence that the same contracts-first instinct extends natu-
rally from data formats, to software interfaces, to documents that describe both
to a reader that may not be human.

6



7. Safeguards for Agent-Assisted Development
Agentic readiness cuts in a second direction. A codebase built substantially by
coding agents inherits two risks a documented convention file does not, by itself,
address: an agent can reproduce a distinctive snippet from its training data
under terms this project’s Apache-2.0 license cannot absorb [22], and a body
of code produced primarily through prompting invites the question of whether
it carries the human creative control copyright protection generally requires.
Epidemica treats both as engineering problems: name the risk, build a check,
and state plainly what the check does not cover.

For the first, an open-source license-text detector is run against the repository’s
own source, flagging GPL-, AGPL-, or LGPL-family matches in project source
for human review rather than auto-rejecting, on the reasoning that blocking
every low-confidence match trains people to ignore the report. The check is
explicitly scoped: it is a text-matching tool, not a semantic clone detector,
and a clean run is not evidence that no code was derived from anything —
a limitation the project states rather than elides. It runs on demand rather
than in continuous integration, a deliberate choice recorded, like everything else
reported here, rather than quietly walked back.

For the second, a companion tool renders a coding session’s raw interaction log
into a readable transcript — every message from both sides in full, tool invo-
cations reduced to one line each — on the premise that the record of direction
given, alternatives rejected, and output reviewed and revised is the evidence a
human-authorship claim rests on, not the final diff. Neither tool is specific to
this repository; a research group building their own study app can point either
at their own source.

A third safeguard generalises furthest: guidance addressed to platform adopters
states what license obligations follow from building on Apache-2.0 code, what
a copyleft dependency does to a combined binary, and what agent-assisted de-
velopment specifically asks of a study handling IRB-governed data — most
concretely, that a general-purpose coding agent’s context window is not bound
by a study’s own privacy protocol, and real participant data has no more busi-
ness there than it does in a screenshot posted to a public forum. Writing this
down follows the same instinct that produced the observation envelope in §4:
the platform’s job is to make the correct choice the legible one.

8. Current Status and Validation
Epidemica’s status is best described as an alpha: the complete arc from sensing
to a published, settled conclusion runs end to end, and has been exercised on
real devices for two reference study types (a plain contact-logging study, and
the transmission game of §5) — but it has not been operated unattended, at the
scale or duration its own milestone documents specify as acceptance criteria, or
self-hosted anywhere outside its own development environment. The platform
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is under active development and publicly available at https://github.com/col
abobio/epidemica.

More concretely, the platform’s cross-language test suite — Elixir server, Dart
client packages, and the Python transmission bridge — currently comprises
over one thousand automated tests, with static analysis to report issues across
the Elixir, Dart, and Python codebase. Ten JSON Schema contracts exist, each
verified against machine-checked valid and invalid examples by a self-discovering
test harness that requires every violation to be traceable to a single, named rule;
two further contracts — the device-facing ingest API and the Bluetooth wire
format — extend that same versioned-contract discipline to interfaces JSON
Schema does not fit. The transmission game’s field exercise used a compressed,
purpose-built variant of its own study protocol — rounds of minutes rather than
a day, so that a full arc could be exercised repeatedly against real Bluetooth
hardware.

9. Applications and Future Directions
The reference application in §5 exercises one point on a wider design space
the architecture was built for. The same contract — an observation envelope,
a protocol bundle, a module boundary — should in principle support a plain
observational cohort study using only the proximity module; a randomised con-
trolled trial using the arms mechanism without any game mechanics at all; and
a study whose research question is squarely about behaviour, using the survey
module to pair passively sensed contact data with participants’ stated beliefs
and choices about it — a combination the platform’s motivating research ques-
tions treat as a genuine current gap: how contact duration relates to measured
infection risk, how digital contact-tracing strategies compare against each other,
and how individual behavioural choices aggregate into population-level trans-
mission outcomes are all questions that need both signals together, not either
alone.

Further out, the architecture’s roadmap anticipates channels beyond an installed
app — SMS, voice, and plain mobile web — on the position that enrollment, con-
sent, and instruments should not require a smartphone app even where sensing
modules do, which matters directly for reaching participants in lower-resource
settings where continuous app usage cannot be assumed. It also anticipates con-
nectors to research-data infrastructure already in wide use — REDCap [12] and
HL7 FHIR [23] among them — on the position that a platform for collecting
novel data types should not require abandoning the infrastructure a research
group already has for the data types it already knows how to handle. A further
direction, particularly relevant for pandemic preparedness, is rapid adoption of
standardised early-epidemic data schemas: the Global.health core schema [24], a
minimum interoperable dataset for the first hundred days of an outbreak aligned
with WHO reporting standards, could be implemented as a Tier 1 protocol bun-
dle in Epidemica, enabling research groups to deploy studies that feed directly
into established outbreak-response data pipelines without bespoke integration
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work. None of this is built yet; it is named here because the architecture in §4
was deliberately shaped to make it additive rather than a redesign.

10. Limitations
Beyond the validation gaps named in §8, three limitations are structural rather
than incidental. Epidemica’s proximity module currently broadcasts a stable
per-participant pseudonym in the clear over Bluetooth for its first reference de-
ployment, which is an explicit, documented trade-off adequate for a consenting
internal pilot and not for an externally facing study without rotating identifiers,
a prerequisite the platform’s own milestone record treats as scheduled rather
than optional. The platform’s canonical transmission model is an actively de-
veloped external dependency [9, 11]; the architecture’s own risk register names
pinning a model version per study protocol, and recording it in every export,
as a required mitigation not yet implemented — an upstream release could oth-
erwise change a study’s results without the study’s authors noticing. Finally,
self-hosting — the platform’s stated design goal of being deployable by a re-
search group without dedicated infrastructure staff — has been exercised only
in the authors’ own development environment; whether the deployment tooling
holds up when operated by someone who did not write it is, at the time of writ-
ing, untested and the single largest open question standing between the alpha
status reported here and the platform’s stated goal.

11. Conclusion
Epidemica generalises three single-purpose platforms built by the same lab into
infrastructure a study is assembled from rather than built against, by drawing an
explicit, versioned contract between what the platform guarantees and what a
study defines, and by holding every component — a Bluetooth payload, a server
endpoint, a transmission model’s parameters, and, we argue, the conventions a
coding agent needs to work safely in the codebase — to that same discipline.
The platform’s data and protocol contracts, reference implementations, and
reference application are built, tested, and field-exercised end to end; what
remains before its stated milestones are met is scale, duration, and independent
operation, each named rather than assumed, and each the kind of empirical
question this platform is specifically designed to help answer once it is put to
that use.

AI-generated research. This article was generated or co-generated using AI and
reviewed by the author(s) before submission to GenRxiv.
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