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Abstract: This paper explores the intricate world of microbial life, focusing on biofilm as a dynamic
consortium of bacteria forming complex networks within a self-produced matrix of extracellular
polymeric substances (EPS). Analogous to a bacterial house, these structures provide both shelter
and support, playing a pivotal role in the microbial realm with dual effects on human and
environmental contexts. Biofilm's significance extends beyond its microcosmic architecture,
positively contributing to heavy metal removal, electricity generation through microbial fuel cells,
and structural remediation, while also posing threats with detrimental formations implicated in
conditions from lung to urinary tract infections. Control of biofilm becomes imperative to unlock its
positive attributes and mitigate potential negatives, serving as a cornerstone for environmental
remediation, sustainable energy, and infrastructure maintenance. Employing a comprehensive
bibliographic approach, this study identifies keywords, countries, and organizations influencing
biofilm research, proposing innovative avenues like machine learning for future exploration. The
aim is not only to contribute to existing knowledge but to pioneer cutting-edge strategies for biofilm
optimization and challenge mitigation, shaping its trajectory towards sustainable applications
across diverse fields.

Keywords: biofilm control; extracellular polymeric substances (EPS); microbial architecture;
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1. Introduction

In the intricate tapestry of microbial life, biofilm emerges as a dynamic consortium of bacteria
that intricately anchor themselves onto surfaces [1], creating a complex network ensconced within a
self-produced matrix of extracellular polymeric substances (EPS) [2,3]. This architectural marvel can
be metaphorically likened to a bacterial house, wherein microorganisms collaboratively fashion
intricate structures that provide both shelter and support [4,5]. Within the microbial world, biofilms
play a pivotal role, showcasing a duality of effects with constructive contributions and potential
detrimental consequences in human and environmental contexts [6].

The significance of biofilm transcends its microcosmic architecture, influencing the broader
landscape of our world [7]. On the positive spectrum, biofilm functionality manifests in various
beneficial ways [8], including its capacity to act as a natural agent for removing heavy metals from
waterways [9]. However, the flip side of biofilm dynamics introduces a potential threat, with
detrimental biofilm formations implicated in a spectrum of conditions, spanning lung infections [10-
12] to urinary tract infections [13-15].

The imperative control of biofilm is paramount to unlocking its positive attributes while
mitigating potential negative impacts [16]. Effective biofilm management becomes a cornerstone in
leveraging the vast potential of biofilms for industrial application [17]. This paper employs a
comprehensive bibliographic approach [18], delving into the nuanced intricacies of biofilm control
[19]. It meticulously identifies crucial keywords, examines the prominence of countries and regions,
and highlights noteworthy organizations actively contributing to advancements in biofilm research.
Moreover, this research seeks to chart the course for future endeavors, proposing innovative avenues
such as the integration of machine learning to propel our understanding and mastery of biofilm
control concepts to new heights.
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https://doi.org/10.20944/preprints202401.1573.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 January 2024 doi:10.20944/preprints202401.1573.v1

Through this in-depth exploration, our aim is not only to contribute to the existing body of
knowledge but also to pioneer cutting-edge strategies for optimizing biofilm utility and mitigating
the challenges associated with its multifaceted nature [20,21]. By fostering a deeper understanding of
biofilm dynamics and control mechanisms, we endeavor to shape the trajectory of biofilm research
towards sustainable and transformative applications in diverse fields [22,23].

2. Materials and methods

The bibliographic investigation conducted in this study builds upon prior research with subtle
adjustments [24,25]. Specifically, in the year 2024, an extensive exploration was undertaken by
querying the term "biofilm control" within the Web of Science database [26-28]. Then the results were
visualized in the VOSviewer [29,30].

To ensure the robustness and reliability of the results, certain criteria were established. A
minimum threshold of 10 occurrences of a keyword was set, aiming to focus on substantial and
recurrent themes within the literature. Additionally, a stipulation was imposed on the minimum
number of documents attributed to a specific country/region, requiring a count of at least 5
documents to be considered for inclusion in the analysis. Similarly, a comparable threshold of a
minimum of 5 documents was set for organizations, ensuring that entities contributing significantly
to the discourse on biofilm control were adequately represented in the study.

This meticulous approach to data selection and inclusion criteria enhances the precision and
relevance of the bibliographic study [31,32], providing a comprehensive and nuanced understanding
of the research landscape in the field of biofilm control.

3. Results

Figure 1 provides a visual representation of the critical keywords within the domain of "biofilm
control," offering valuable insights into the diverse facets of research in this area. The identified
keywords span a spectrum of topics, reflecting the multidimensional nature of biofilm-related
investigations. Notably, several keywords are intricately linked to specific microbial species,
elucidating the focus on understanding the dynamics of particular organisms. Examples include
"Pseudomonas aeruginosa," "Staphylococcus aureus," "Escherichia coli," and "Candida albicans," each
representing a distinct avenue of study within the broader context of biofilm control.

Furthermore, the array of keywords encompasses those associated with bacterial processes,
shedding light on the intricate molecular and physiological aspects under scrutiny. Terms such as
"motility," "growth, virulence," and "infection" signify the diversity of
inquiries into biofilm-related phenomena, encompassing both fundamental processes and their
implications in various biological contexts.
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Beyond species and bacterial processes, certain keywords pivot towards practical applications,
reflecting the tangible outcomes and implications of biofilm research. Noteworthy terms in this
category include "biofilm reactor," "sludge,” "nitrogen removal," and "waste-water treatment." These
keywords underscore the practical relevance of biofilm studies, highlighting their potential
contributions to environmental engineering, biotechnology, and wastewater management.

The intricate interplay between species-related, bacterial process-related, and application-
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related keywords showcased in Figure 1 suggests a holistic approach to biofilm control research. This
comprehensive perspective not only delves into the intricacies of microbial behavior and molecular
processes but also extends its reach to address real-world challenges and applications. As researchers
navigate this multifaceted landscape, the identified keywords serve as guideposts, directing
investigations towards a nuanced understanding of biofilm dynamics and, ultimately, informing
strategies for effective biofilm control in various contexts.
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Figure 1. Main keywords of VOSviewer.

Figure 2 illustrates the prominent countries actively engaged in the field of "biofilm control,"
offering a comprehensive view of the global landscape of research endeavors. Notably, the United
States and China emerge as pivotal contributors, assuming central roles in advancing biofilm control
research. However, the global collaborative nature of this scientific pursuit is vividly highlighted by
the active participation of several countries.
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Figure 2. Main countries/regions working in the biofilm control field. The line suggests the research
collaboration.
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Among these contributors, Thailand, the Netherlands, Brazil, Saudi Arabia, Indonesia,
Australia, India, Malaysia, South Korea, the United Kingdom, Germany, Canada, Denmark, Belgium,
Italy, Austria, Spain, Mexico, New Zealand, Northern Ireland, Ireland, Japan, and Romania have all
played significant roles. This extensive list underscores the widespread international engagement in
biofilm control research, reflecting a diverse and collaborative network of scientific exploration.

The collaborative synergy among these nations is a testament to the interconnected nature of
biofilm control research, transcending geographical boundaries for optimal research efficiency. The
exchange of knowledge, expertise, and resources among these countries fosters a dynamic global
research environment, enriching the depth and breadth of insights into biofilm dynamics and control
mechanisms.

In essence, the research landscape in the biofilm control field is characterized by a rich tapestry
of contributions from various corners of the globe. The collective efforts of these nations underscore
the importance of international collaboration in addressing the multifaceted challenges posed by
biofilm-related phenomena. As researchers from diverse cultural and scientific backgrounds come
together, the potential for groundbreaking discoveries and innovative solutions in biofilm control is
amplified, reinforcing the collaborative spirit that defines this dynamic scientific field.

Figure 3 serves as a visual representation highlighting the key organizations at the forefront of
research within the dynamic domain of biofilm control. Notably, Delft University of Technology,
Technical University of Denmark, and the University of Copenhagen emerge as central pillars,
occupying pivotal positions in advancing the understanding and management of biofilm-related
phenomena. These institutions play a vital role in shaping the trajectory of research efforts in this

field.
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Figure 3. The main organizations working in the biofilm control field. The lines suggest the research
collaboration.

In addition to these cornerstone organizations, significant contributions are observed from a
diverse array of institutions worldwide. Tongji University, Ohio State University, Zhejiang
University, Jiangnan University, the University of Porto, and the University of Sdo Paulo are among
the noteworthy entities that have played crucial roles in advancing biofilm control research. This
global collaboration among organizations establishes a network of expertise and knowledge
exchange, fostering a synergistic approach to tackling the intricate challenges posed by biofilm
dynamics.
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The collaborative spirit among these organizations underscores the collective nature of biofilm
control research, with each institution bringing its unique strengths and perspectives to the table.
This collaborative framework facilitates a comprehensive exploration of biofilm-related phenomena,
encompassing diverse methodologies and approaches. Through shared resources, joint initiatives,
and collaborative projects, these organizations collectively contribute to the advancement of biofilm
control knowledge.

In essence, the landscape of biofilm control research is characterized by a tapestry of
contributions from leading organizations worldwide. The collaborative efforts of these institutions
not only enhance the depth of understanding of biofilm dynamics but also contribute to the
development of innovative strategies for effective control. As these organizations continue to
collaborate and share insights, the biofilm control field is poised to witness further advancements,
with the potential for groundbreaking discoveries and transformative applications in diverse
scientific and practical arenas.

4. Discussion

4.1. Biofilm Control Study: Implications and Applications

The study of biofilm is undeniably crucial, given its far-reaching implications and applications
in various domains. Positive biofilm formations present avenues for industrial development,
exemplified by their potential to generate electricity through microbial fuel cells [33-35], contribute
to concrete repair by healing cracks [36-38], and act as natural agents for removing heavy metals
from water [39,40]. Conversely, the existence of detrimental biofilms poses significant health risks to
humans, as evidenced by the potential for causing lung infections [10-12] or urinary tract infections
[13-15].

The imperative to control biofilm has emerged as a focal point in research, driven by the dual
objectives of harnessing the positive attributes of beneficial biofilms [41-43] and eradicating harmful
biofilms [44-46]. To enhance the positive aspects, genetic modification stands out as a promising
avenue. Strengthening biofilms through genetic modifications can result in more robust structures,
amplifying their effectiveness in processes such as the removal of heavy metals from waterways [9].
This genetic approach offers a targeted means of optimizing biofilm utility while minimizing
potential risks.

Another promising strategy in biofilm control involves surface modification. Introducing
materials like graphene-based TiO: to surfaces where biofilm attachment occurs can render these
surfaces less conducive to biofilm formation [47,48]. This innovation aims to create self-sterilizing
surfaces, preventing or minimizing biofilm development and reducing the need for external
interventions [49,50].

The discussion on biofilm control extends beyond theoretical considerations to practical
applications, offering tangible solutions for environmental remediation, healthcare, and
infrastructure maintenance. As researchers delve deeper into genetic modification [9] and surface
engineering [47,48], the potential for groundbreaking advancements in biofilm control becomes
evident. These innovative approaches not only contribute to the optimization of beneficial biofilms
but also pave the way for mitigating the adverse impacts of harmful biofilms [51,52]. Moving
forward, continued exploration and implementation of these strategies hold the key to unlocking the
full potential of biofilm control for diverse applications, ensuring a balanced and sustainable
approach to managing these intricate microbial communities [53,54].

4.2. Big Data and Machine Learning: Revolutionary Biofilm Control

The future of biofilm control research holds extensive opportunities, with the potential
integration of cutting-edge technologies such as big data and machine learning. These technologies
have already found widespread applications in diverse fields, ranging from facial recognition [55-
57] and autonomous driving [58-60] to global species distribution predictions [61] and educational
performance forecasting [62].
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The application of big data and machine learning in the realm of biofilm control opens up a
realm of possibilities [63-65]. For instance, the establishment of a comprehensive database
incorporating various media types, compositions, additives, their proportions, and anti-biofilm
performances presents a promising avenue. By creating a big data repository, researchers can
systematically capture and analyze vast amounts of information, paving the way for a more nuanced
understanding of the intricate interactions within biofilms.

Machine learning models can then be deployed on this extensive dataset, enabling the
identification of patterns, correlations, and predictive insights. Such an approach allows for a more
informed understanding of which materials exhibit superior anti-biofilm properties under specific
conditions. By discerning the optimal combinations and compositions, researchers can potentially
unlock groundbreaking solutions for biofilm control, particularly in the biomedical domain.
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