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Open-Source Laboratory Information
Management Systems (LIMS)

What is a LIMS? Core Functionalities and Overview

A Laboratory Information Management System (LIMS) is software that supports and
streamlines a lab's operations — from sample tracking to data reporting. At its core, a LIMS
manages the lifecycle of laboratory samples and associated data. Key functionalities typically
include: sample registration and tracking, workflow management (assigning tests and
scheduling analyses), data collection and storage, quality control, and report generation.
Modern LIMS solutions offer flexible architectures and interfaces for data exchange, enabling
integration with instruments and other software. Over time, LIMS platforms have evolved beyond
basic sample tracking into comprehensive systems that may incorporate inventory
management, assay data analysis, electronic lab notebooks (ELNs), and even elements of
enterprise resource planning for labs. In regulated industries, LIMS are essential for enforcing
standardized workflows, maintaining data integrity, and ensuring compliance through features
like audit trails and user access controls. In short, a LIMS provides the digital framework in which
lab processes are executed and recorded, improving efficiency, reducing errors, and providing
end-to-end visibility of laboratory operations.

Core Functions of LIMS: In practice, a LIMS facilitates the entire laboratory process in stages:
(1) logging in samples as they are received (often with barcodes and associated metadata), (2)
assigning tests and tracking sample status through various lab procedures, (3) capturing
experiment results and performing quality control checks, (4) storing and managing the
analytical data in databases, and (5) reviewing and approving results for reporting or further
analysis. Common features found in most LIMS include sample accessioning and barcoding, test
workflow automation, instrument integration (e.g. importing results from lab instruments),
inventory and reagent management, document management (storing SOPs, protocols), and
role-based access for lab personnel. Many LIMS also provide reporting tools and dashboards
so labs can monitor turnaround times, workloads, and quality metrics in real time. For example, a
modern LIMS will automatically log who handled a sample and when, track where the sample is
stored (freezer locations, etc.), and enforce standard operating procedures via software
workflows. By automating such processes, LIMS software minimizes manual data transcription
(reducing errors) and ensures that lab data are consistent and accessible for audits or data
analysis.
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Open-Source LIMS vs. Proprietary Systems — Benefits and
Challenges

Adopting an open-source LIMS offers several compelling benefits when compared to traditional
proprietary (commercial) LIMS software. Cost savings are a primary advantage: open-source
LIMS have no license fees, making them budget-friendly for startups, academic labs or small
facilities. Labs can download and use the software freely, which lowers the barrier to entry for
implementing a LIMS. Open-source also means freedom and flexibility — laboratories can
modify the source code to customize functionality to their exact needs (assuming in-house or
contracted technical expertise is available). This level of customization is often limited in
proprietary systems, which tend to offer predefined workflows. Additionally, open-source LIMS
avoid vendor lock-in: the lab is not tied to a single vendor for support or changes. Users can fix
bugs or develop new features themselves, or hire any provider, fostering a more competitive
support environment. An active open-source community can contribute improvements, plugins,
and peer-reviewed code, leading to continuous enhancements and a transparent development
process. This community-driven model can result in rapid bug fixes and innovation that benefits
all users without additional cost. For instance, SENAITE (an open-source LIMS derived from Bika
LIMS) highlights that customers benefit from worldwide community contributions and new
features, with no licensing fees and no forced reliance on a single vendor.

However, there are challenges to weigh. Professional support and accountability can be
limited for open-source LIMS. Unlike commercial LIMS where a vendor contract ensures support,
with open-source the onus is on the user community or self-support. Resolving complex issues
may require internal IT effort or finding consultants, which can slow down problem resolution.
For example, one industry analysis notes that even free/open LIMS often demand significant IT
resources for setup, maintenance, and validation — labs might spend more time on
troubleshooting if dedicated support isn’t in place. Maintenance and updates can also pose
risks: if an open-source project’'s community momentum fades, the lab could be stuck on an
outdated system unless it invests in further development. Security and compliance are
additional considerations. While open-source transparency allows anyone to inspect code for
vulnerabilities, it also requires that someone actively maintain security patches. A lab must
ensure the open-source LIMS has robust user authentication, data encryption options, and audit
trails out-of-the-box or added via customization. Some observers caution that open-source
systems might lack some of the “out-of-the-box"” hardened security and validation tooling that
enterprise vendors provide — making it critical for labs to perform their own validation and
perhaps add controls to meet standards like FDA 21 CFR Part 11. In regulated environments,
validation documentation and certification can be burdensome. Commercial LIMS vendors
often supply validation protocols or even pre-validated cloud offerings, whereas an open-source
LIMS requires the lab to thoroughly validate the system’s compliance (e.g. IQ/OQ/PQ -
Installation/Operational/Performance Qualification) on their own. This is doable but adds to
project time and cost. In summary, open-source LIMS excel in cost-effectiveness,
customizability, and avoiding lock-in, but labs must be prepared to invest in IT expertise for
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support, security hardening, and ongoing maintenance to fully realize these benefits. The choice
often depends on the lab’s specific needs, budget, and in-house capabilities — as one guide puts
it, open-source brings "cost-effective flexibility” to the table, whereas commercial LIMS trade
higher cost for turn-key support and reliability.

Technical Architecture of Open-Source LIMS Platforms

Open-source LIMS platforms generally share a modern three-tier web architecture: a database
for storing lab data, a server-side application layer implementing business logic (often with a
web server), and a web-based front-end user interface. Because they are open-source, the
technology stacks are known and vary across projects, but commonly include robust,
enterprise-grade components.

Backend and Database: Many open-source LIMS use relational database systems (like
PostgreSQL or MySQL) to store structured lab data (samples, test results, etc.), ensuring ACID
compliance and ease of querying. For example, LabKey Server (an open-source LIMS/data
management platform) is a Java-based web application that runs on Apache Tomcat and uses
either PostgreSQL or Microsoft SQL Server as its underlying database. This allows LabKey to
store large volumes of assay data and metadata while leveraging SQL for complex queries. In
contrast, the popular Bika LIMS (now evolved into SENAITE) is built on the Plone content
management framework and utilizes the Zope Object Database (ZODB) along with an optional
relational storage for certain data naralabs.com. Plone (Python-based) provides an object-
oriented approach, treating lab records as content objects, which can simplify certain
customizations. Some domain-specific LIMS have different backends: OpenELIS, an open-
source LIS for clinical labs, is Java-based and supports a PostgreSQL database, and it adheres
to open standards like HL7 for health data exchange globalgoodsguidebook.org
globalgoodsguidebook.org. Regardless of the specific database, open-source LIMS backends
emphasize data integrity, often including built-in audit trails (recording any changes to data) to
support GLP and other quality guidelines.

Application Layer and Integration: Open-source LIMS typically expose integration points such
as RESTful APIs or SDKs, enabling other software (or lab instruments) to interface with the
LIMS. SENAITE, for instance, provides an integrated JSON-based REST API for programmatic
access to core LIMS functions naralabs.com. This API-centric design allows external tools or
scripts to create samples, fetch results, or trigger workflows in the LIMS, which is invaluable
for automation and connecting with instruments. LabKey Server offers a rich set of client
libraries (in Java, R, JavaScript, etc.) and web services that let developers push or pull data and
even define custom data processing pipelines. This extensibility means labs can, for example,
integrate LabKey with analytical pipelines in R or Python or with external databases, enabling
advanced data analysis on LIMS-managed data.
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Integration with laboratory instruments is a key architectural consideration. Open-source LIMS
support instrument integration usually through standardized file imports/exports or connectors
rather than proprietary drivers. They often can be configured to parse instrument output files
(CSV, XML, etc.) or use intermediate middleware. Some modern systems adopt standards like
SiLA (Standard for Industry Lab Automation) or HL7 for clinical instruments. In practice,
instrument integration is achieved by either the LIMS polling a directory for results files or by
using an API if the instrument software can call it. For example, Bika LIMS/SENAITE includes
modules for instrument management and can be extended to import results into the LIMS, with
some labs scripting the import of analyzer outputs. In highly regulated environments, integration
often has to ensure data integrity (e.g., checksum verifications, chain-of-custody for results) —
open-source LIMS can be enhanced to do this, but it requires careful configuration.

Frontend (User Interface): Users typically interact with open-source LIMS through a web
browser. The Ul is designed to capture lab workflows: sample log-in forms, test assignment
screens, result entry forms (or automated result capture), and dashboards. Early open-source
LIMS had simpler interfaces, but modern ones utilize advanced web frameworks. For instance,
SENAITE revamped the Bika LIMS Ul by introducing modern JavaScript frameworks (like ReactJS
and Bootstrap for responsiveness) in a "“mobile-first” design. This means technicians can access
LIMS on tablets or laptops at the bench, with an intuitive interface. The Ul layer usually enforces
role-based access - e.g., a lab manager can see and approve all results, whereas a technician
might only see their assigned tasks — and guides the user through defined workflows (such as
verifying a result triggers the next step of a process). In LabKey's case, the web Ul includes not
only forms for sample management but also built-in data analysis tools (like configurable data
grids, filtering, and even an integrated R analysis module) accessible in the browser.

Data Models: Architecturally, open-source LIMS aim to have flexible data models because labs
often have unique data tracking needs. Many open systems provide configurable schema or
metadata fields. LabKey Server, for example, combines a relational model with a semantic layer,
allowing admins to define new data fields or even entirely new assay types without
programming, storing these definitions such that they can be queried via SQL or shown in the Ul.
This dynamic schema approach is crucial for scientific labs where new experiment types arise.
Similarly, openBIS (Open Biology Information System), an open-source ELN/LIMS platform,
focuses on managing diverse research data and metadata linking - it follows FAIR data
principles so that all experimental data and its metadata (like sample information, protocols,
analysis scripts) are stored and linked in a unified system. OpenBIS uses a modular data model
where you can describe new entities (samples, data sets, etc.) and relations between them,
reflecting the interdisciplinary nature of academic research labs.

Example Architectures: To illustrate, SENAITE (Bika LIMS) has a core backend ( SENAITE
Core ) that handles the fundamental lab workflows and data structures. The Ul and additional
features are provided by separate add-on modules ( SENAITE LIMS and others), making it a
more modular architecture than its monolithic predecessor. The backend is written in Python on
the Plone/Zope platform, and the front-end leverages HTML/JavaScript with frameworks as
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mentioned. There's a clear APl boundary: the RESTful JSON API in SENAITE mediates between
the core and any external front-end or integration service. In contrast, LabKey Server is
architected as a set of autonomous modules running within a Java web application container.

Core services (security, file management, search, etc.) are shared, and specific features (say, a

sample repository module or a study management module) are implemented as modules that

can be added or removed. This modular design facilitates scalability — new functionality can be
deployed as needed - and also allows custom modules to be kept private to an institution or

contributed back to the community. Both of these examples underscore common architectural

themes in open LIMS: use of robust open-source frameworks and databases, modular design for

extensibility, and providing integration hooks (APIs) to interface with the broader lab informatics

ecosystem (ELNs, instruments, data analysis tools).

Comparison of Major Open-Source LIMS Platforms

Several open-source LIMS projects have gained prominence, each with distinct strengths,

communities, and target use-cases. The table below summarizes a comparison of major open-
source LIMS platforms alongside a well-known proprietary system (LabWare) for context:

LIMS
Platform

Bika LIMS |
SENAITE

LabKey
Server

openBIS
ELN-LIMS

Tech Stack & License

Python (Plone/Zope); GPL v3
open-source naralabs.com.
Web-based server; modular
add-on architecture in
SENAITE.

Java (Apache Tomcat);
Apache 2.0 license. Uses
relational DB
(PostgreSQL/SQL Server).
Runs on Windows or Linux

servers.

Java-based; open-source
(Apache License 2.0)
developed by ETH Zurich.
Typically deployed on-

Notable Features

Sample and batch tracking, workflow
automation, instrument management,
and integrated quality control modules
(e.g. control charts). Role-based access
via Plone security (supports LDAP,
SSL). Offers a RESTful JSON API for
integration. Specialized configurations
(add-ons) for disciplines: e.g.
environmental labs, clinical labs (Bika
Health), wine testing labs, etc...

Enterprise-grade LIMS + Scientific Data
platform. Strong data integration and
assay data management capabilities.
Highly extensible: modular design
allows custom modules, and graphical
tools to define new experiment data
types on the fly. Built-in analysis
pipelines (R integration, reporting,
charts) and specimen tracking including
requests and study management.
Comprehensive APl and client libraries
for customization and instrument
integration. Role-based security and
audit logs for compliance.

Combined Electronic Lab Notebook and
LIMS focused on research data
management. Enables scientists to
document experiments (notes,
protocols) and link them to sample

Community & Support

Originating from South Africa (circa
2005), it has an active global
community. Core development by
open-source firms (Naralabs, Riding
Bytes). No license cost; support via
forums or paid services from
companies like Naralabs. Over
60,000 downloads reported for Bika,
indicating wide adoption and an
active user base contributing
improvements.

Initially developed for biomedical
research (HIV vaccine trials) at Fred
Hutch, it's now maintained by LabKey
Corp with a community edition.
Proven in large consortia (scaling to
thousands of users and millions of
records). Community support via
forums and documentation;
professional support and hosting
available from LabKey Corp. Active
user group in research labs,
especially in biotech, academia, and
biobanks.

Developed and used in academic
institutes (ETH Zurich and
collaborators). The user community is
largely academic research labs
across biology, chemistry, and
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premises with a relational
DB.

Java (Spring/Hibernate);
Mozilla Public License 2.0
globalgoodsguidebook.org.
Uses PostgreSQL; browser-
based interface.

Mixed tech stack (proprietary
framework with Oracle/SQL
DB). Offered as on-premises
or SaaS. Commercial license
(not open-source).
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Notable Features

records and results in one system.
Emphasizes FAIR data principles —
robust handling of metadata and large
datasets (e.g. omics data files).
Provides a web Ul for ELN and an API
for programmatic data import/export.
Suited for interdisciplinary and
academic labs: can manage materials,
methods, analysis scripts, and results
together.

Targeted for clinical and public health
labs, including in low-resource settings.
Supports patient sample management,
test result entry, and epidemiological
reporting globalgoodsguidebook.org.
Implements standards like HL7 and
LOINC for interoperability
globalgoodsguidebook.org. Focus on
essential LIMS functions: test ordering,
results, quality control tracking, with
multi-lingual support (English, French).
Designed to operate in national lab
networks with offline/online modes.

A leading commercial LIMS with

comprehensive features out-of-the-box.

Offers pre-configured best-practice
workflows and is delivered as a fully
validated system research.com.
Includes built-in ELN module for
method execution research.com.
Extensive instrument interfacing and
configurable automation, plus advanced
analytics (including AlI/ML add-ons) for
high-volume data research.com. Meets
stringent regulatory requirements by
design (GLP, GMP, FDA, etc.), with
auditing, electronic signatures, and
security controls to facilitate
compliance research.com. Highly
scalable and used in diverse industries
(from pharma to petrochemical).

Community & Support

materials science. Free for academic
use; for-profit use may require an
agreement with ETH SIS.
Documentation and updates provided
by ETH's Scientific IT Services.
Community contributions via GitHub
are encouraged, but the core team
drives development.

Steered by the OpenELIS Foundation
and global health orgs. Implemented
in 100+ laboratories worldwide (e.g.,
national public health labs in Cote
d’'Ivoire, Haiti)
globalgoodsguidebook.org
globalgoodsguidebook.org. Strong
community in global health domain;
support via non-profit consortium
and regional implementations.
Regular updates aim at sustainability
for developing countries.

Established vendor since the 1980s;
large global customer base. Vendor
provides end-to-end support,
training, and regular upgrades.
Strong user community through
LabWare's user forums and annual
conferences, but source code is
closed. High licensing and support
costs, but in return labs get
guaranteed support and a system
configured to their industry needs.
LabWare is often noted as a “global
leader” in LIMS and is used in
pharmaceutical, environmental,
clinical, food & beverage, mining, and
other sectors research.com.

Table: Comparison of notable open-source LIMS platforms and a proprietary LIMS (LabWare) for
context. Open-source systems offer flexibility in tech stack and customization, whereas LabWare
demonstrates the features of a mature commercial system research.com research.com. All listed
systems support core LIMS functionalities, but their focus and communities differ (e.g., openBIS
for academic data management vs. OpenELIS for clinical labs).

Industry Use Cases for Open-Source LIMS
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Open-source LIMS have been applied in a variety of laboratory domains, often providing cost-
effective solutions in sectors where proprietary LIMS might be too expensive or inflexible. Below
are examples across different industries:

e Biotechnology & Pharma R&D: Open-source LIMS excel in research settings. LabKey Server was
originally developed to support large-scale HIV vaccine trials, integrating clinical specimen data with
complex assay results across multiple research sites. Its use in the Fred Hutchinson Cancer Research
Center’s Atlas project shows how an open platform can manage high-throughput experimental
data, multi-site collaboration, and custom assay workflows in biotech research. Similarly, pharma
R&D labs have used LabKey or other open solutions to manage drug discovery data, where flexibility
to add new experiment types is crucial. openBIS is another example, implemented in academic-
pharma partnerships to ensure FAIR data management for experiments — researchers can document
processes in an ELN while the LIMS side handles sample lineage and raw data storage. In
biotechnology startups, open-source LIMS like Bika/SENAITE have been used for managing
laboratory workflows in areas like genomics and bioengineering, because they can be tailored to
novel protocols without hefty licensing costs. That said, larger pharmaceutical companies often use
commercial LIMS (like LabWare or Thermo SampleManager) for their validated environments, but
even there, open-source tools might be used in early research phases or alongside for specific tasks
(e.g., using an open-source ELN and then pushing finalized data to a validated LIMS).

¢ Clinical & Healthcare Labs: Open-source LIMS have made significant inroads in clinical diagnostics,
especially in resource-limited settings. A prime example is OpenELIS Global, which is deployed in
national public health lab networks (for instance, in Cote d’Ivoire it's used in over 100 laboratories)
globalgoodsguidebook.org. These labs use OpenELIS to manage patient samples, test results (e.g.,
for infectious disease testing), and to ensure data flows into central repositories for disease
surveillance globalgoodsguidebook.org globalgoodsguidebook.org. Its open-source nature allowed
local adoption with support from international donors, avoiding expensive license fees. In hospital
labs or small clinical laboratories, open-source LIMS like Bika Health (a variant of Bika LIMS tailored
to healthcare) have been implemented to handle patient-centric sample workflows and compliance
needs. Bika Health was designed specifically for clinical case management (tracking patients, tests,
and results with necessary privacy controls) and has seen usage in laboratories in places such as the
Caribbean and Asia. One cited benefit is that open systems can be extended to meet local
regulatory requirements - for example, adapting to national reporting formats or languages — which
might be harder with closed systems. That said, regulatory compliance (like FDA 21 CFR Part 11 for
labs in pharma or diagnostics) remains a consideration: open-source LIMS can be configured to
comply (adding features like electronic signatures, audit trails, user-based permissions), but labs
must ensure these are validated. Some clinical labs in the U.S. have experimented with open-source
LIMS for niche areas (like toxicology or research-oriented clinical trials labs), but broad adoption in
high-throughput clinical labs (e.g., large hospital systems) is still limited, often due to the preference
for vendor-supported LIS/LIMS solutions. Nonetheless, the healthcare domain demonstrates that
open-source LIMS can successfully power laboratories and even entire national lab systems when
cost and customization are critical factors globalgoodsguidebook.org globalgoodsguidebook.org.
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¢ Environmental and Water Testing Labs: This sector includes laboratories that test environmental
samples (water quality, soil, air, etc.) often for regulatory compliance (e.g., EPA standards) or public
health. Open-source LIMS have a track record here — Bika LIMS was originally popular in
environmental and agricultural testing labs. In fact, Bika's design included modules for water quality
analysis and environmental monitoring, and it has been deployed in water testing labs in Africa
and Europe (Bika users created custom worksheets for parameters like pH, heavy metals, etc.). The
newer SENAITE LIMS continues this, offering pre-built workflows for environmental labs and
laboratories handling regulated materials. These labs benefit from features such as chain-of-custody
tracking (for samples collected in the field), integration with analytical instruments (like ICP-OES,
chromatography data systems), and generating reports such as Certificates of Analysis — all of which
open-source LIMS can be configured to do. For example, Bika/SENAITE's environmental workflow
can track field sample collections, apply specific QC rules (like spike recoveries, duplicate sample
checks), and produce reports meeting ISO 17025 requirements for environmental analysis. Some
government environmental labs with tight budgets have considered open-source LIMS to replace
spreadsheets, with success in cases where an IT team can support the system. That said,
commercial LIMS (e.g., LabWare, Autoscribe) are also common in this domain. Yet, the presence of
community extensions for Bika (such as Bika Water) shows the adaptability of open LIMS to
environmental science needs. Additionally, environmental labs in the cannabis sector (testing
products for safety and compliance) have turned to open-source LIMS: both SENAITE and LabKey
have been adopted by some cannabis testing startups due to cost and the need for customization in
a new industry (cannabis testing has unique workflows and reporting needs). Even LabWare's own
marketing acknowledges cannabis and environmental labs among their user industries research.com
— an area where open-source solutions are providing alternative choices.

¢ Food & Beverage Industry: Labs in this industry test food products, beverages, and ingredients for
quality control, safety (microbial, chemical), and regulatory compliance. Open-source LIMS have
been implemented in such labs — an example is the use of Bika Wine in wineries and wine testing
laboratories. Bika Wine was a flavor of Bika LIMS customized for wine chemistry and microbiology
testing (e.g., tracking fermentation samples, sugar/alcohol levels, etc.). This demonstrates how
open-source LIMS can be tailored to a very specific industry niche. Similarly, breweries or food QA
labs might use open-source LIMS to track batches, ingredients, and test results for each production
lot. The flexibility to customize is crucial, as every food lab might have slightly different tests or
compliance forms (for instance, a dairy lab vs. a meat processing lab have different parameters to
record). By leveraging open-source, a food company’s internal IT or consultants can adjust the LIMS
to fit their process (for example, adding a new test for a contaminant as regulations change, without
waiting on a vendor's next release). On the other hand, large food & beverage corporations often use
established LIMS vendors, but even they have been known to pilot open-source tools for specific
plants or as a cost comparison. The open-source LIMS community has reported implementations in
tea quality labs, sugar industry labs, and halal testing labs, indicating the breadth of applicability.
Given that LabWare's client list includes many food/beverage companies research.com, the existence
of open-source alternatives provides an attractive option for smaller or regional producers that need
LIMS functionality without the enterprise price tag.
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¢ Academic and Research Institutions: Academic labs (universities, research institutes) have widely
embraced open-source LIMS/ELN platforms because of budget constraints and the need for
flexibility. openBIS is one prominent example, used in multi-group research centers to allow
scientists to document experiments (as an ELN) and manage their samples and data in a shared
system. It enables cross-disciplinary collaboration — for example, a materials science CRC
(Collaborative Research Centre) in Germany used openBIS to connect synthesis labs,
characterization labs, and simulation groups, improving data sharing and reproducibility across the
project. Another system, eLabFTW (though more of an ELN than a full LIMS), is open-source and
popular in academia for managing experiment logs and an inventory of reagents; it often
complements a LIMS by handling experiment documentation. LabKey is also used academically for
managing biobank collections and multi-omics data in translational medicine research due to its
strong querying and analysis features. The academic use-cases highlight the importance of
integration and extensibility — labs often need to integrate the LIMS with statistical analysis (R,
Python notebooks) or with institutional databases, which is feasible with open-source platforms.
Moreover, students and researchers can directly contribute to improving the LIMS (writing plugins,
etc.), which is a great educational benefit. Many scientific publications have been facilitated by data
managed in open-source LIMS, underscoring that these systems can handle cutting-edge research
needs (like managing next-generation sequencing samples, proteomics experiments, high-content
screening data, etc.). The culture of open science aligns well with open-source LIMS: for instance,
using an open LIMS can make it easier to apply FAIR principles to research data management and to

share methods and data alongside publications.

In all these industries, a common pattern is that open-source LIMS adoption is driven by the
need for customization, cost-effectiveness, and community-driven innovation. While
proprietary LIMS dominate many enterprise environments, open-source LIMS are proving their
value in diverse scenarios from nationwide health programs to niche manufacturing labs.

Regulatory Compliance in Open-Source LIMS
Environments

Laboratories in regulated industries (clinical diagnostics, pharmaceuticals, environmental
testing, food safety, etc.) must comply with stringent standards for data integrity, security, and
traceability. These include regulations and guidelines like FDA 21 CFR Part 11 (electronic
records and signatures in pharma/biotech labs), CLIA and CAP for clinical labs, ISO/IEC 17025
for testing and calibration labs, 1ISO 15189 for medical laboratories, Good Laboratory Practice
(GLP), and others. Any LIMS - open-source or proprietary — used in such environments needs to
facilitate compliance with these requirements.

Open-source LIMS can indeed support compliance, but achieving this typically requires careful
configuration and sometimes additional development. Fundamentally, a compliant LIMS must
provide data integrity features such as: unique user accounts and role-based permissions,
audit trails recording all data modifications, electronic signature capabilities for approvals, data
security and backup, and system validation. Many open-source LIMS have core support for
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these. For example, Bika/SENAITE leverages Plone's enterprise-grade security model, offering
role-based access control and LDAP integration for user authentication. Actions in the LIMS can
be logged to create an audit trail (who changed what and when), which addresses requirements
in regulations like 21 CFR Part 11 and ISO 17025 about traceability of data changes. SENAITE has
undergone community “gap analysis” for 21 CFR Part 11 compliance, guiding developers on
implementing features like time-stamped audit logs and signature manifestations for approval
steps. Similarly, LabKey Server includes an auditing framework and fine-grained security
controls; it supports external authentication and single sign-on, aligning with the need to ensure
only authorized individuals access the system. LabKey also logs all changes and can be
configured to require secondary verification for critical data changes, which is useful for
compliance scenarios.

A particular challenge is electronic signatures (as per 21 CFR Part 11). Some open-source LIMS
might not natively have a full e-signature module (i.e., prompting for a user’s credentials to sign
data at certain milestones), but the open nature means one can be added. In the Bika LIMS
community, for instance, there were discussions and even contributed scripts for Part 11-
compliant e-signatures. The Naralabs team in one case implemented an electronic signature
workflow in Bika for a pharmaceutical client, demonstrating it's feasible. OpenELIS in clinical
settings ensures compliance with CLIA and other standards by controlling user roles (e.g., only
certified personnel can release results) and by storing results in a tamper-evident way. Its use of
HL7 standards helps with regulatory interoperability (for example, reporting to public health
agencies) globalgoodsguidebook.org.

ISO 17025 and 15189 compliance: These standards require labs to have proper sample
traceability, method validation records, quality control, and auditability. Open-source LIMS can
be configured to enforce SOPs - e.g., you can configure mandatory fields and workflows so that
a sample cannot skip a required calibration or QC step. Bika/SENAITE includes quality control
features like control charts and reference analyses built-in, which help labs monitor assay
performance in line with ISO guidelines. The open-source nature also means labs can adjust the
system to produce the exact documents needed for audits (such as ISO-required quality
manuals or uncertainty calculations). For instance, a lab could script a report in LabKey to show
every change to a critical result (supporting an auditor’s request as per ISO 17025 Section on
data integrity). Compliance also often means validation. Labs using open-source LIMS in
regulated environments must perform thorough validation (and documentation) to demonstrate
the system works as intended and maintains data integrity. This process is the same as with a
proprietary LIMS, except without vendor-supplied validation docs, the lab must create their own.
Some consulting firms specialize in validating open-source LIMS for GMP use.

It's important to note that using open-source software does not inherently make alab less
compliant - compliance is more about processes and features. With proper configuration, open
LIMS can meet FDA and ISO requirements. For example, Naralabs reported that Bika Health LIMS
was designed to comply with healthcare lab regulations like ISO 15189 and even 21 CFR Part 11
in terms of functionality. They ensured the system enforces integrity, consistency, and

© 2025 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights reserved. Page 11 of 18


https://globalgoodsguidebook.org/?global_goods=openelis-global#:~:text=STANDARDS
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=understanding-open-source-lims-core-functionalities.pdf
https://intuitionlabs.ai/articles/open-source-lims-functionalities?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=understanding-open-source-lims-core-functionalities.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=understanding-open-source-lims-core-functionalities.pdf

E IntuitionLabs  IntuitionLabs - Custom Al Software Development
from the leading Al expert Adrien Laurent

Understanding Open-Source LIMS: Core Functionalities

traceability of results (all key compliance criteria). Additionally, labs often implement open-
source LIMS on secure, validated infrastructure (hardened servers, controlled access) to satisfy
IT compliance. Some open-source projects have started offering compliance modules - for
instance, an "audit trail viewer” or a "validation toolkit” — acknowledging the demand.

One must consider data security and privacy too, which overlap with compliance (e.g., HIPAA
for patient data). Open-source LIMS allow admins to deploy on-premises, giving control over
data location (important for privacy). They can also be reviewed for security by the community.
However, labs should apply best practices: enabling HTTPS encryption, strong password
policies, and regular updates/patches to the LIMS. With open-source, the lab is responsible for
applying security patches (there's no automatic vendor push), so a governance process is
needed to remain compliant with cybersecurity aspects of regulations.

In summary, open-source LIMS can absolutely be used in regulated lab environments, as
demonstrated by their deployment in CLIA labs and GMP environments, but labs must be
proactive: configure all necessary compliance features (audit trails, e-sigs), perform rigorous
validation, and maintain documentation. The flexibility of open systems is an asset here - for
example, if a regulation changes, the lab isn't stuck waiting for a vendor; they can update the
system themselves. As long as the system’s design allows for auditability and controlled
access (which all major open LIMS do), an open-source LIMS can be part of a compliant
quality system. It's worth noting many compliance standards (like ISO 17025) don't mandate
which LIMS to use, only that whatever system used meets their criteria — so open-source
solutions are on equal footing with commercial ones in the eyes of regulators, provided the lab
using them upholds the required practices.

Implementation Considerations for Open-Source LIMS

Deploying an open-source LIMS requires careful planning and resources to ensure success and
longevity. Some key considerations include:

¢ Infrastructure & Deployment: Decide early on how to host the LIMS. Open-source LIMS are
typically web applications you can host on-premises on a server or in the cloud (e.g., on an
organization’s VM or a cloud provider). Infrastructure needs will depend on lab size — a small lab
might run the LIMS on a single Linux server, whereas a larger enterprise might set up a scalable
deployment with load balancers and database clustering. Ensure you meet the system requirements
(OS, database, etc.) provided by the LIMS documentation. Docker containers are available for some
open LIMS (for easier deployment), but in regulated labs, many still prefer direct installation for
validation control. Consider also the network setup for instrument connections if needed. If opting
for cloud, verify data security and consider if a third-party host for the open-source LIMS is available
(some companies offer LabKey or SENAITE hosting, for example).
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e Upfront Analysis of Lab Workflow: As with any LIMS, implementing an open-source system should
start with mapping out your lab’s specific workflows and requirements. Open-source LIMS often
come as frameworks that need configuration or minor development to model your tests, workflows,
and report formats. Engage your lab staff in detailing how samples flow, what data needs to be
captured at each step, and what automation is expected. This initial requirements analysis is crucial
— “Comprehensive analysis of the laboratory workflow, formalization of routines, and needs
assessment precede implementation”. Skipping this can result in a system that doesn’t align with lab
practices. The flexibility of open-source means it can likely be adapted to your needs — but only if
those needs are well understood and articulated.

¢ System Configuration & Customization: Open-source LIMS typically allow a high degree of
configuration (through the Ul or config files) — for example, setting up test types, units, reference
ranges, user roles, etc. Leverage these configuration options extensively rather than diving into code
changes, if possible. However, one of the strengths is that if a needed feature is missing, you can
customize the code. Plan who will do this development (in-house IT or external consultant) and
maintain a clear version control. Keep track of any code customizations because you'll need to
reapply or merge them when upgrading to new versions. Many open LIMS use modular architectures,
so you might implement custom features as add-on modules or plugins to isolate your changes. For
instance, with SENAITE, you can develop an add-on for a new report or instrument integration
without modifying core code, which eases upgrades. Always document customizations thoroughly
(this helps in validation and training). The ability to adapt the software is a major boon - a survey
notes that open-source LIMS are often more adequate for adapting to new specific needs than one-
size-fits-all commercial solutions — but with that freedom comes the responsibility of managing
those changes.

¢ Validation & Testing: In any critical lab system, especially regulated ones, validation is required.
Plan for a validation phase where the LIMS configuration is tested against user requirements. You
should create a validation plan and test cases (covering sample login, data entry, calculations,
reports, user permissions, etc.) to ensure the LIMS does what it's supposed to. For open-source
LIMS, you will need to author these validation documents yourself (unlike some vendors who provide
scripts). Make use of community forums — others may share templates or checklists for validating
specific open LIMS. Perform testing in a staging environment that mirrors production. Record all
results and address any failures by adjusting configuration or code. Remember that each time you
update the LIMS version or make significant changes, you should consider re-validation or at least
regression testing on key functionalities. This effort can be significant: as a caution, industry experts
point out that free LIMS software still requires “significant IT resources for... validation” and ongoing
maintenance. Be sure management understands that “free” doesn’t mean zero implementation cost
— resources must be allocated to these critical activities.
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e User Training and Change Management: Adopt a training plan for lab personnel. Open-source
LIMS might not have polished vendor training materials, but you can create your own or use
community-contributed documentation. Conduct training sessions where users learn to perform their
daily tasks in the new LIMS (logging samples, querying results, etc.). Highlight how the LIMS benefits
them (reducing manual paperwork, quick data retrieval, etc.) to drive user buy-in. Involve some
power-users from the lab in the implementation team so they can act as champions/mentors for
others. Since open systems are highly configurable, consider providing a sandbox environment for
users to get familiar without fear of breaking things. Managing the culture change is important —
moving from spreadsheets or legacy systems to a new LIMS is a big shift. Emphasize data integrity
and new SOPs that come with the LIMS (for example, “All results must be entered in LIMS before
they're considered final"). A phased rollout might help: some labs start using the LIMS for sample
tracking first, then gradually add modules (inventory, instrument integration, etc.) once users are
comfortable.

¢ Ongoing Maintenance & Support: Once live, an open-source LIMS requires ongoing care. Assign an
internal LIMS administrator or IT point person who will oversee updates, user account
management, and act as liaison with the open-source community. Regularly check for software
updates or patches from the community — these could include security fixes or useful new features.
Develop a plan for applying updates (e.g., test updates in staging first). With no vendor pushing
updates, the lab must be proactive. Monitor performance and plan for scaling up the infrastructure if
data volume grows (open-source LIMS on standard tech stacks can usually scale well with better
hardware or database tuning). It's prudent to subscribe to the project’s mailing lists or forums for
announcements. Many open-source LIMS projects have periodic releases; staying reasonably up-to-
date is advised to avoid running an obsolete version that no one else uses. Also, ensure you have
regular data backups of the LIMS database and files — this is part of both maintenance and
compliance (disaster recovery readiness). In terms of support, leverage the community: forums,
issue trackers (report bugs if found), and even direct contact with core developers if possible. Some
labs opt for a support contract with a third-party (e.g., companies that specialize in that LIMS) —
this can be a good middle ground, gaining expert help while still using open-source software.
Remember the earlier note: the real costs of a LIMS include support and maintenance; be sure to
budget for either internal time or external support. As one source puts it, total ownership costs
include "implementation, training, configuration, validation, support, and upgrades” which can
exceed the initial software cost. Even without license fees, open-source LIMS need these elements
funded.
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e Customization Management and Long-Term Evolution: Over years of use, a lab’s needs will
evolve. Open-source LIMS can evolve with you — new assays, new regulations, scaling to more users,
etc., can all be accommodated by modifying the system. Establish a process for requesting and
implementing changes. It's often wise to contribute back generic improvements to the community (if
possible), as this reduces your burden of maintaining a private fork and benefits others. For instance,
if you develop a new module in LabKey for a type of assay, contributing it means the community
might help maintain it. Keep an eye on the community’s roadmap; you may find that a feature you
planned to custom-develop is already being worked on by others. Long-term maintenance also
means eventually hardware or OS refreshes — ensure the open LIMS will run on newer operating
systems or database versions (community forums are useful to know this). If the open-source project
shows signs of slowing development, plan how you will handle that — perhaps by taking a more active
role in development or evaluating whether the software will continue to meet your needs. The good
news is that data can usually be migrated if needed (open-source means you have direct database
access and knowledge of the schema). But ideally, your chosen open-source LIMS will continue to
thrive. A vibrant community is a good predictor of longevity.

In conclusion, implementing an open-source LIMS is a significant but manageable project. It
gives a lab immense control over its informatics environment, but also comes with responsibility
— you become, in a sense, a co-owner of the system’s success. By addressing infrastructure,
thoroughly understanding and configuring to your workflows, validating the system, training
users, and setting up a strong maintenance practice, labs have successfully deployed open-
source LIMS with outcomes comparable to any commercial system. As one open-source LIMS
adopter noted, the biggest differences are up-front effort and expertise: “Even free LIMS
software... requires significant IT resources for setup, maintenance, and validation”, and lacks
the turnkey vendor support. But for many, this investment is justified by the freedom to adapt
and the cost savings realized. With careful planning and community engagement, an open-
source LIMS can be a stable, efficient backbone for lab operations for years to come.
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e U.S. FDA 21 CFR Part 11 — Electronic Records; Electronic Signatures (guidance for industry) — for
understanding compliance requirements that any LIMS (open or closed) must meet.
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs
leads the US market in custom Al software development and pharma implementations with proven
results across public biotech and pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies including Scilex
Holding Company (SCLX) and leading CROs across North America.

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11
compliance expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years
in software development, multiple successful exits, and patent holder. Recognized as one of the top
Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs,
chatbots, and ERP systems with advanced analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private
cloud Al infrastructure for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data
conversion, automated document analysis, and intelligent data extraction from clinical and regulatory
documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and
custom field force applications with advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants,
and automated customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory
management solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and
real-time pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring,
and custom data visualization solutions for pharmaceutical insights.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and
implementation guidance for pharmaceutical organizations adopting Al technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only.
We make no representations or warranties of any kind, express or implied, about the completeness,
accuracy, reliability, suitability, or availability of the information contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or
its representatives be liable for any loss or damage including without limitation, indirect or consequential
loss or damage, or any loss or damage whatsoever arising from the use of information presented in this
document.

This document may contain content generated with the assistance of artificial intelligence technologies.
Al-generated content may contain errors, omissions, or inaccuracies. Readers are advised to
independently verify any critical information before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are
the property of their respective owners. All company, product, and service names used in this document
are for identification purposes only. Use of these names, logos, trademarks, and brands does not imply
endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in
pharmaceutical and biotech companies. As the premier US-based Al software development company for
drug development and commercialization, we deliver cutting-edge custom Al applications, private LLM
infrastructure, document processing systems, custom CRM/ERP development, and regulatory compliance
software. Founded in 2023 by Adrien Laurent, a top Al expert and multiple-exit founder with 20 years of
software development experience and patent holder, based in the San Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your
business needs, please consult with appropriate qualified professionals.

© 2025 IntuitionLabs.ai. All rights reserved.
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