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Abstract

Introduction: Preanalytical factors significantly impact the stability of biomolecules in
biospecimens, affecting the reliability of biomedical research and diagnostics. This paper
presents the development of ProvideQ (Database for pre-analytical variability and biospec-
imen quality), a web-based platform designed to centralize access to research findings on
these influences.

Methods: Building on an initial prototype, we implemented a validated criteria catalog for
data quality, an efficient search system handling incomplete inputs, and SPREC 4.0 integra-
tion for standardized coding of preanalytical variables. User feedback from usability tests
enhanced the platform'’s interface.

Results: Results include an improved data model, a Python-based literature import module,
and an intuitive frontend using Next.js and React.

Conclusion: ProvideQ supports analyte- and sample-centric searches, demonstrating its
potential as a valuable tool in biobanking and research. Future enhancements include ex-
panding the database and integrating Al-driven analytics of scientific publications on pre-
analytical factors to facilitate the import of research results into the platform.
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Abstract. Introduction: Preanalytical factors significantly impact the stability of
biomolecules in biospecimens, affecting the reliability of biomedical research and
diagnostics. This paper presents the development of ProvideQ (Database for pre-
analytical variability and biospecimen quality), a web-based platform designed to
centralize access to research findings on these influences. Methods: Building on an
initial prototype, we implemented a validated criteria catalog for data quality, an
efficient search system handling incomplete inputs, and SPREC 4.0 integration for
standardized coding of preanalytical variables. User feedback from usability tests
enhanced the platform’s interface. Results: Results include an improved data model,
a Python-based literature import module, and an intuitive frontend using Next.js and
React. Conclusion: ProvideQ supports analyte- and sample-centric searches,
demonstrating its potential as a valuable tool in biobanking and research. Future
enhancements include expanding the database and integrating Al-driven analytics
of scientific publications on pre-analytical factors to facilitate the import of research
results into the platform.

Keywords. Pre-Analytical Phase, Specimen Handling, Biological Specimen Banks,
Quality Control

! Corresponding author: Sara Haag, Hannover Unified Biobank (HUB), Medizinische Hochschule Hannover,
Carl Neuberg Str.1, 30625 Hannovor, Translationsallianz in Niedersachsen (TRAIN), Feodor-Lynen-Straf3e 7,
30625 Hannover, haag.sara@mh-hannover.de..



S. Bichtemann et al. / ProvideQ 387
1. Introduction

The integrity of biomolecules - such as metabolites, proteins, or RNA - in biospecimens
is a necessary prerequisite for the validity of biomedical research and clinical diagnostics
based on these samples. However, preanalytical variables, including time-to-
centrifugation, storage temperature, and sample handling, can compromise this integrity,
leading to variability that undermines result reproducibility [1]. Standardizing these
conditions is a persistent challenge, addressed in part by the Standard PREanalytical
Code (SPREC), which systematically documents key preanalytical parameters [2].
Despite such efforts, a centralized, accessible resource linking these factors to specific
biomolecule stability data remains absent, leaving researchers and biobank personnel
reliant on fragmented literature searches.

The ProvideQ platform emerged from this gap, initiated as a prototype in a prior
project at Hannover Medical School’s Hannover Unified Biobank (HUB) and the
University of Applied Sciences and Arts Hannover (HsH).

This project addresses a key question in the field of biobanking quality research:
whether it is feasible to develop a database system capable of capturing the often highly
heterogeneous literature concerning the impact of pre-analytical factors on biospecimens.
The aim is to enable users to efficiently and clearly identify which specific pre-analytical
conditions affect particular types of biospecimens and to what extent, as well as how
consistent or contradictory literature is regarding certain analytes or specimen types.
Ultimately, the project seeks to assess to what extent such structured information can
support improved decision-making, for example, in study planning or in determining
whether existing samples, exposed to specific conditions, may still be used to generate
reproducible and high-quality results, thereby enhancing the overall quality of
biospecimen-based biomedical research.

The relevance and potential of the ProvideQ database approach were underscored
by a poster prize awarded to the ProvideQ concept at the 12th National Biobank
Symposium [3, [4]. This work advances that foundation into a functional web-based
platform.

The technical objective of this development, as presented in this paper, was to evolve
ProvideQ into a fully operational and user-friendly platform that allows for the
exploration of preanalytical influences on biomolecules based on relevant scientific
literature. This endeavor aimed to answer several key scientific and technical questions:
(1) How can a criteria catalog be designed and validated to ensure the quality and
consistency of data extracted from literature, particularly when SPREC parameters are
incompletely documented? (2) What algorithms and system architecture are suitable for
an efficient search system that can process complex queries with partial or missing
parameters and accurately assign analytes? (3) How can the SPREC 4.0 standard be
reliably integrated into the platform to ensure accurate encoding and decoding of
preanalytical variables, thereby promoting standardization? (4) Which user-centered
evaluation methods are most effective for iteratively refining the platform’s usability and
functionality to meet the needs of researchers and biobank staff? This paper details the
development process, technical implementation, and initial evaluation addressing these
questions, positioning ProvideQ as a pivotal tool for biobanking and research.
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2.  Methods

Development began with an analysis of the prototype’s state, comprising a PostgreSQL
database, a Flask-based backend, and a Nextjs frontend [3]. Key challenges were
identified: unstructured literature integration, limited search capabilities, outdated
SPREC integration (version 3.0), and untested usability. The approach, grounded in agile
methodology, unfolded iteratively through the phases of requirements analysis, system
design, implementation, and testing.

2.1. Requirement Analysis and Data Model

Two primary user groups were defined using the personas approach: researchers seeking
analyte-specific stability data and biobank staff assessing sample quality. A key
challenge identified during requirements analysis was the difficulty in establishing a
unique and consistent nomenclature for metabolites, given the frequent use of synonyms
and variations across scientific publications. Requirements therefore included a robust
import mechanism for data concerning preanalytical influences documented in scientific
publications, flexible search accommodating partial data, and SPREC 4.0 compatibility.
To address the metabolite naming challenge and ensure standardized analyte
identification, the requirements mandated the integration of established reference
databases; consequently, the system concept included incorporating HMDB [5] and
RefMet [6] as authoritative sources and templates for uniform naming. Furthermore, the
analysis highlighted the significant complexity and heterogeneity of published research
findings on preanalytical factors, often featuring incomplete documentation of
experimental conditions. A criteria catalog was developed to ensure data consistency and
enable robust search functionality. This catalog, implemented as part of the CSV import
validation logic, mandates the inclusion of key data fields for each literature entry:
analyte name (or RefMet identifier), Digital Object Identifier (DOI) of the source
publication, method name, method type, sample preparation details, and the primary
sample type (e.g., serum, plasma). Preanalytical factors (e.g., centrifugation time, storage
temperature) were defined as optional fields within the preanalytical factor database
table to accommodate the common incompleteness of such details in published studies,
allowing for flexible data integration while ensuring core traceability and analyte-
method-sample context.

2.2. Implementation

The platform utilizes a three-tier architecture, a common software design pattern chosen
for its modularity, scalability, and maintainability, clearly separating presentation
(frontend), application logic (backend), and data storage (database).

Backend (Flask [7]): A RESTful API was built with endpoints for literature import
(/api/v1/literature) and search. A Python script automates CSV-based data imports. This
script reads CSV files, validates each row against the mandatory fields defined in the
criteria catalog, and performs data type conversions. It then identifies or creates entries
for the source literature (based on DOI), analytical method, preanalytical conditions, and
documented effects, linking them to the corresponding analyte (matched against analyte,
synonymous, or refmet tables) or RefMet identifier. All database operations within a
single CSV row import are handled within a transaction to ensure data integrity.
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Frontend (Next.js/React [8]): Pages for analyte-centric (analyte-search/page.js) and
sample-centric (sample-search/page.js) searches were designed with Tailwind CSS, a
utility-first CSS framework that provides a set of pre-defined, low-level CSS classes [9].
These interfaces provide users with structured input capabilities: (1) an autocomplete-
enabled field for analyte selection (validating against analyte, synonymous, and refmet
tables); (2) an optional SPREC 4.0 code input section that populates preanalytical factor
fields upon SPREC code selection; and (3) a detailed, collapsible section for manual
entry or refinement of individual preanalytical parameters (e.g., temperature ranges, time
durations). Search results are initially displayed in a CSV-like format directly on the
search page, with an option to view them in an interactive, sortable tabular format on a
separate results page.

Database (PostgreSQL [10]): Docker-containerized, it supports ~40,000 HMDB [4]
and ~180,000 RefMet [6] metabolites, updated to SPREC 4.0, and stores literature-
derived effects. The preanalytical factor table within the database is designed to capture
a granular level of detail, including specific numeric values and ranges for various
preanalytical steps (e.g., cent time from in min, pre_cent temp to). This structure
allows for storing information more detailed than what SPREC level codes might
generally represent. While SPREC codes can be used for broader categorization and
input, the system stores and searches on these more specific, optionally provided
parameters, ensuring that detailed experimental conditions from literature can be
preserved and queried.

Search logic was specifically engineered to accommodate the heterogeneity of data
in scientific literature and user query patterns. The backend API endpoint processes
queries by dynamically constructing SQL WHERE clauses. A key feature is the handling
of range-based parameters (e.g., pre-centrifugation temperature 19-22°C). The system
retrieves records where the preanalytical parameter ranges stored in the database fall
entirely within or are identical to the user-specified ranges. This ‘database-range-within-
user-range’ logic ensures that studies reporting precise measurement points are found
when users query broader SPREC-defined categories or custom ranges. Furthermore, if
users provide only one bound of a range (e.g., ‘temperature from 19°C’ without a ‘to’
value), the search adapts to filter only on the provided bound. This flexibility allows for
meaningful results even with incomplete or partial preanalytical factor inputs. For
sample-centric searches, typically initiated by biobank staff to assess overall sample
suitability based on SPREC codes or specific preanalytical conditions without pre-
selecting an analyte, the system queries all analyte records matching the provided
preanalytical criteria, returning a list of affected biomolecules and the corresponding
literature evidence

2.3. Evaluation

The platform’s evaluation combined technical validation and user feedback. A
qualitative usability test was conducted with one biobank staff member, representing a
key target user group. This session employed a task-based, think-aloud protocol where
the participant performed predefined search tasks for both analyte-centric and sample-
centric use cases. Observations were recorded, and a custom-developed, structured
questionnaire was used to gather specific feedback on navigation, search functionality,
result presentation, and overall ease of use. A standardized questionnaire (e.g., System
Usability Scale) was not employed at this stage due to the prototype’s early development
phase and the need for specific feedback on newly implemented core functionalities
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tailored to ProvideQ’s unique use cases. The custom questionnaire was designed to elicit
detailed qualitative insights into these specific areas. User feedback led to targeted
interface enhancements, including collapsible text sections for improved information
hierarchy, a fixed table header for better scannability of large result sets, and options for
CSV export of results and analyte lists.

Backend stability was confirmed through unit tests and integration tests covering
API endpoint functionality and database interactions. Functional validation employed
practical use cases simulating researcher (analyte-centric) and biobank staff (sample-
centric/SPREC-based) queries. These tests verified accurate handling of synonym
ambiguity (e.g., “2-Hydroxybutyric acid”), precise filtering based on preanalytical
parameters (including ranges), and correct retrieval of data from the integrated literature.
While the usability evaluation was limited to a single participant, the detailed qualitative
feedback proved valuable for iterative refinement of the user interface and prioritization
of features. Results include an improved data model, a Python-based literature import
module, and an intuitive frontend using Next.js and React.

3. Results

Technical implementation succeeded in integrating a scalable infrastructure. The import
module successfully processed 1,344 literature entries derived from a single, extensively
evaluated publication (Kamlage et al., 2013) [6], resulting in the integration of 435
unique records and 111 additional records based on synonym matches. 909 entries were
skipped due to unidentifiable analytes in the current reference datasets (HMDB, RefMet).
Search functionality demonstrably supports both analyte- and sample-centric queries.
Analyte-centric searches were validated using test cases, such as for "2-Hydroxybutyric
acid" with precentrifugation conditions of 19-22°C, which correctly returned the single
matching record. Sample-centric queries, demonstrated with a SPREC code (e.g., BLD-
SED-A1-C- -- -E-A), successfully retrieved multiple relevant analytes, confirming the
system's capability to identify all biomolecules affected by specific preanalytical
conditions from the imported dataset.

In the frontend, autocomplete functionalities for analyte names (drawing from
analyte, synonymous, and RefMet tables) effectively reduce input errors, while SPREC
4.0 dropdowns simplify preanalytical parameter entry. Initially, results were presented
in a CSV-like format; however, based on user feedback, the interface was enhanced to
include a dedicated tabular view with expandable rows for detailed information, options
for CSV export of all or selected data, and an analyte list export for sample-centric search
results. Features such as collapsible information sections and a fixed table header further
improved usability.

Figure 1 illustrates the user workflow in ProvideQ: specifying an analyte (2-
Hydroxybutyric acid) and preanalytical conditions (centrifugation parameters) yields a
tabular result. The output columns detail bibliographic information (DOI, author, year),
sample characteristics, and recorded preanalytical effects, centrally captured in the
'Concentration change' variable (e.g., 'no significant change', 'significant increase'),
alongside statistical significance indicators (p-value, FDR). The highlighted row and
framed cell in the example emphasize a finding of instability ('significant increase'),
allowing users to quickly identify critical results derived from the literature.
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Figure 1: Search process to find entries for the analyte 2-Hydroxybutyric acid under specific centrifugation
conditions.

4. Discussion

Researchers and biobank staff working with biosamples require reliable information on
any sample preparation and storage aspects that may influence the analyses of the
samples. To the best of our knowledge, a web-based information system for pre-
analytical influencing factors does not yet exist. ProvideQ fills this gap and advances
biobanking by consolidating preanalytical stability data into an accessible, searchable
platform. The developed prototype successfully addresses the initial challenges by
implementing a flexible search logic, a validated data import mechanism, and an
enhanced user interface based on initial feedback.

A central challenge in this domain is the heterogeneity and frequent incompleteness
of data in scientific publications. The implemented database schema and search logic
address this by design. The preanalytical factor table allows for the storage of specific,
granular data points (e.g., precise centrifugation times or temperatures) that go beyond
the broader categories of SPREC codes. This ensures that more detailed information
from the literature beyond SPREC does not have to be simplified or is not lost during
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entry. The search function’s ‘database-range-within-user-range’ logic further supports
this flexibility, enabling users to find relevant studies even if their query parameters are
broader than the specific data points in the database. When encountering conflicting
results from different studies - for example, where one paper reports an analyte as stable
under certain conditions while another reports degradation - the current implementation
transparently displays all retrieved findings. This allows users to see the complete
evidence base, though future iterations could implement visualization or ranking
mechanisms to better contextualize such discrepancies.

However, several limitations must be acknowledged. The usability evaluation, while
providing valuable qualitative insights that led to concrete Ul improvements, was
restricted to a single expert user. This limits the generalizability of the findings, and a
broader evaluation with a diverse group of researchers and biobank staff from multiple
institutions is a critical next step to ensure the tool's broader utility and intuitiveness.
Furthermore, the platform's database is currently limited, primarily containing data from
one comprehensively annotated publication alongside reference data from HMDB and
RefMet. For ProvideQ to become an indispensable tool, a significant expansion of this
knowledge base is required.

The scalability of data acquisition is therefore the most significant future challenge.
While the current CSV import is more scalable than manual entry, it remains a bottleneck.
To overcome this, we envision a semi-automated pipeline leveraging Al and Large
Language Models (LLMs). This future methodology would involve developing models
to automatically extract relevant information - such as analytes, preanalytical parameters,
and outcomes - from unstructured text and tables in scientific publications. Such a system
could be integrated with literature databases like PubMed or Web of Science to
automatically screen new publications and suggest structured data for import, drastically
reducing manual effort and enabling exponential growth of the database. The modular
three-tier architecture of ProvideQ was intentionally chosen to support such future
extensions and ensure the platform can scale to accommodate a growing dataset and user
base. Securing long-term funding through research grants or academic-industrial
partnerships will be essential to support these scaling efforts, including development,
data curation, and maintenance.

5. Conclusion

ProvideQ has been successfully developed as a functional prototype, demonstrating its
feasibility as a specialized knowledge platform for preanalytical research. The work
presented here yields several key insights essential for the development and scaling of
such systems:

e A flexible data model, which treats specific preanalytical parameters as optional
while enforcing core metadata (e.g., DOI, sample type), is crucial for accom-
modating the heterogeneous and often incomplete data found in scientific liter-
ature.

e The implemented 'database-range-within-user-range' search logic proves effec-
tive for handling complex queries, allowing users to find relevant results from
specific data points even when querying broader parameter ranges.
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e Automated, criteria-based data import mechanisms are vital for the scalability
of the knowledge base, proving far more efficient and consistent for processing
large volumes of literature-derived data than manual entry.

e Even limited, task-based user feedback is invaluable for driving targeted func-
tional enhancements, such as improved result visualization and data export fea-
tures, that directly align the platform with the practical workflows of its target
users.

These findings underscore that ProvideQ is not only a functional tool but also a
model for future developments in this domain. Its modular design supports scalability,
with planned enhancements including Al-driven literature analysis and public
deployment. A longer-term vision of the project is to leverage this structured data to
potentially identify novel biomarker patterns for biospecimen quality using artificial
intelligence approaches. These steps will be critical in positioning ProvideQ as a standard
resource that enhances research reproducibility and biobank quality assurance.
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