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Abstract

Implementing Good Laboratory Practices (GLP) enhances the precision and accountability of
findings in the field of health sciences research. Nevertheless, the adoption of these practices in
research and academic labs may be hindered by reasons such as frequent staff turnover,
inadequate resources, and insufficient training for management. The objective of this Scoping
Review was to identify digital technologies used for the management of academic health
sciences and experimental medicine labs, as well as their association with best practices. Using
the PRISMA-ScR 2018 criteria, a search strategy was implemented up to April 2021 in the
PUBMED, Web of Sciences, and Health Virtual Library databases. An evaluation of the chosen
references was carried out, followed by the organization of data into a chart. The search found
twenty-one acceptable papers, mostly from high-income nations, that discussed the creation
and/or use of thirty-two electronic management systems. The majority of the studies focused on
describing the features of the program. However, nine studies specifically assessed and
addressed the effects on management, noting both enhancements in the workflow and limitations
of the system during installation. Overall, the research indicates that there is a connection to
various management challenges associated with GLP principles. To summarize, this analysis has
shown that digital laboratory management systems have the potential to be valuable aids in
adhering to the standards of good practices in experimental medicine and health sciences
research, as new evidence continues to emerge.
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Laboratory research is crucial for generating data to support translational medicine and
develop sustainable healthcare solutions [1]. Nevertheless, the dependence on experimental
medicine necessitates enhanced traceability and data integrity, guaranteeing the excellence of
transferable outcomes in the clinical environment. Recently, the scientific community has been
more conscious of a reproducibility problem. This crisis is caused by variables such as the
pressure to publish, limited statistical power, and inadequate supervision [2]. Conversely,
effective management, training, and adherence to best practices may enhance data quality by
optimizing workflow, preventing mistakes, and ensuring traceability [2].

Good laboratory practices (GLP) may be characterized as a quality system that includes the
organizational procedures and circumstances in which investigations are planned, conducted,
monitored, recorded, and reported [3]. The Principles of Good Laboratory Practice were first
formulated by a team of experts in Good Laboratory Practice (GLP) headed by the United States.
This team was founded in 1978 as part of the Special Program on the Control of Chemicals. The
principles were based on the standards set by the Food and Drug Administration (FDA) for non-
clinical laboratory investigations. In January 1998, the Principles of Good Laboratory Practice
and Compliance Monitoring were released by the Organization for Economic Cooperation and
Development (OECD) [3]. Since its inception, it has been the foremost collection of globally
recognized standards for ensuring quality, dependability, and integrity. These standards provide a
robust framework for managing research labs [4].

Nevertheless, academic labs face several significant obstacles when it comes to establishing
and using a GLP-compliant infrastructure [5]. The restrictions include inadequate management
training, insufficient money for compliance expenses, and frequent staff turnover resulting from
reliance on students as temporary workforce [6]. Thus, it is advisable for laboratory managers at
academic institutes to investigate methods that streamline oversight and pinpoint crucial stages in
the laboratory process. Within this particular framework, digital systems are regarded as crucial
instruments for effective administration, including specialized computer software as well as
mobile phone apps. Laboratory information management systems (LIMS) provide databases and
automation [7] for the purpose of recording and storing experimental data [8]. Additional
software and digital services that do not fit into the original LIMS classification offer a wider
range of solutions for managing laboratories. These solutions address various aspects of quality
assurance, such as communication, staff management, scheduling and maintenance of equipment
used by multiple users, standard procedures, and inventory control. These aspects are essential
for managing all aspects of a laboratory's workflow.

Although these digital technologies have the potential to be useful in some parts of laboratory
administration, it is yet unclear how these systems may directly or indirectly support adherence
to the principles of Good Laboratory Practice (GLP). The purpose of this review was to gather
evidence on the topic by examining the scientific literature for digital tools that are specifically
designed to manage health sciences and experimental medicine laboratories. The review also
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aimed to discuss the evaluations of these tools in terms of their effectiveness, acceptance, and
potential for compliance with various aspects of good laboratory practices.

Management topics in each laboratory were addressed using digital systems. These systems
were used for many purposes, including purchasing, administrative activities, cell collection
control, general inventory management, and storage of data. They were also used to manage
animal colonies. All thirty-two software programs described in the documents of good laboratory
practices [3] address various aspects of management, such as experimental workflow, data
storage, integration with laboratory equipment, statistical analysis, comparison of experimental
data, animal colonies, biorepositories, inventory, and risks. The figure displayed in Figure 1
identifies the integration of work needs in university health sciences labs and compliance with
the GLP requirements.
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Figure 1. The primary uses of the indicated software across several parts and chapters of the
OECD GLP Principles [3].

2. Contributions to GLP Principle Adherence

Although the search technique utilized in this study found several laboratory management
systems, only a small number of the eligible publications included a detailed discussion on this
specific issue. The absence of empirical scientific data restricts the current study from
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quantitatively evaluating the degree to which digital technologies may collectively contribute to
achieving certification. However, all of the software that was found addressed management
challenges associated with at least one of the GLP principles. In several studies, multiple
software programs were used to fulfill the various requirements of quality systems.

The method suggested by Timoteo et al. [6] might be used to analyze the current data
sources and identify the key management themes influenced by these programs and systems
associated with best practice recommendations. The figure shown in Figure 2 illustrates the
correlation between the forms of management facilitated by the software in academic labs and
various elements from Section II of the OECD GLP Principles [3]. This relationship is
demonstrated through a focus on the duties of staff and facilities management, the organization
of work, the presence of standard operational procedures (SOPs) that encompass all study
activities, analysis of procedures, utilization and upkeep of equipment, as well as the
implementation of standards for receiving test samples, maintaining their chain of custody and
logistics, inventory control, and the traceability of reagents and validation of methods. To
enhance comprehension of the functioning of these systems, a concise overview will be
provided, with a focus on aligning the computerized systems with the GLP principles outlined in
Figure 1.

3. Data management

Within the GLP principles, there is a need for the safe storage, organization, and retrieval
of research data (item 7.4), which includes study plans, raw data, final reports, test system
samples, and specimens (item 8.3), as well as the necessary archival facilities (item 3.4).
Moreover, item 7 (standard operating procedures) mandates the creation and adherence to papers
that ensure the quality and reliability of the data produced by the research. Sub-item 7.4 specifies
that while dealing with computerized systems, it is necessary to adhere to validation, operation,
maintenance, security, change control, and backup system protocols.

Among the chosen papers, we discovered a report on computerized systems that were
used to handle data from different laboratory settings and how they were accessible to the
research teams. During the early 1980s, Delorme and Cournoyer [15] conducted a test on the
CCIS/VS (Customer Information Control System/Virtual Storage) in a microbiology laboratory
at a University Hospital. The CCIS/VS was a customer data repository that utilized a central
computer shared with medical records databases, admission offices, patient accounting, and other
medical-administrative services. The system functioned as a virtual storage system, including
data from microbiological samples. The operations carried out included report printing, data
quality control, epidemiological aid, germ identification, education, and research in several
subspecialties of microbiology. The authors conducted a comprehensive evaluation, using both
qualitative and quantitative methods, to discover an enhancement in workflow efficiency without
the need for additional staff. This improvement was also accompanied by a decrease in report
production time, system downtime, and other relevant metrics.
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Viksna et al. [20] concentrated on the electronic management of collecting, saving, and
retrieving data on study participants and biological materials. The researchers suggested using
the PASSIM (Patient and Sample System for Information Management), a customisable web-
based system. This system would allow for the sending, management, and retrieval of samples
and data from study subjects while maintaining the confidentiality of the information. This
technology played a crucial role in managing information in clinical research studies involving
human subjects and replaced the costlier Laboratory Information Management System (LIMS),
which necessitates expenditures of time, effort, and resources that were not always accessible.

Electronic laboratory notebooks (ELN) are software applications specifically developed
to replace conventional research notebooks. These electronic instruments have the capability to
record procedures, field/lab observations, notes, and other data using a computer or mobile
device. They provide several benefits compared to traditional paper notebooks [19]. Machina and
Wild (22) examined the significance of Electronic Laboratory Notebooks (ELNs) when
combined with other computer tools, including laboratory information management systems,
analytical apparatus, data management systems, and scientific data. The researchers noted that
the specific kind of laboratory (analytical, synthesis, clinical, research) was a significant factor in
the challenges faced when attempting to integrate ELN with the existing equipment. Hence,
considering the absence of a well-defined method for the successful incorporation of these tools,
the authors choose to assess and appraise many of the implemented strategies.

In 2015, Calabria et al. created adLIMS, a program designed to manage biological
samples, particularly DNA, together with associated information for patient samples and
experimental methods. The authors detailed the process of creating this system by modifying an
existing open-source program, ADempiere ERP. Initially, the needs of the end-users were
gathered, ensuring that the intended features of the system and Graphical User Interface (GUI)
were verified. Subsequently, the available tools that satisfied the necessary criteria were
assessed, including a range of options from pure LIMS to content management and corporate
information systems. The authors state that the system facilitated important aspects of sample
monitoring, data standardization, and automation pertaining to NGS (next-generation
sequencing).

In 2021, Cooper et al. [30] documented the use of integrated systems that facilitate the
exchange of crucial data for ongoing research. The authors conducted a study on the 15-year
progress and use of the LabDB system. Originally designed to handle structural biology
experiments, the system has evolved into a complex platform that combines several types of
experimental biochemical, biophysical, and crystallographic data. The LabDB central software
module manages data related to the administration of laboratory workers, chemical inventory,
and storage areas. Currently, the American/Canadian collaboration CSGID (Center for Structural
Genomics of Infectious Diseases) and several renowned research facilities use it. The key
restriction mentioned by the authors is the reluctance and challenges faced by some researchers
in adopting these systems. This is mostly due to the work required to transfer data from
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electronic notebooks or laboratory spreadsheets, which most researchers are already used to.
However, the authors believe that this endeavor is worthwhile since previous methods fail to
eliminate or monitor discrepancies and do not effectively adjust to the demands of contemporary
research.

It is crucial to acknowledge that, in order to get accreditation, hosted services (such as
cloud archiving, backup, or procedures) require formal agreements that clearly outline the duties
of the informatics services. Test facility management should be cognizant of possible hazards to
data integrity that may arise from storing data with third-party providers.

4. Summary

The current literature review surveyed numerous studies conducted over the past forty
years, which proposed and assessed the influence of digital tools on the management of health
sciences research laboratories. These tools have been applied to various areas, including the
management of administrative workflows, data traceability, and virtual biobanking. These
functions have the capacity to enhance adherence to certain GLP principles. Nevertheless, the
available information supporting their usefulness remains insufficient and necessitates more
investigation endeavors.
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