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Enhancing human gut health: Global innovations in

dysbiosis management

To the Editor,

The gut microbiota represents all the microorgan-
isms, mainly bacteria, that coexist in the digestive system
and are mostly beneficial. In adulthood, the gut micro-
biota composition, which varies from person to person,
generally remains stable with a particular density in each
part of the digestive system. However, a microbial com-
munity imbalance within the body, particularly in the
gut, is sometimes observed, causing dysbiosis character-
ized by reduced microbial diversity, loss of beneficial
bacteria, and increased pathogenic microorganisms
[1, 2].

The term “dysbiosis” has been used since at least
1897, as indicated by the Google Books Ngram Viewer
(https://books.google.com/ngrams; accessed on Decem-
ber 17, 2024). Furthermore, the term dysbiosis was first
explicitly used in the 1949 book by Hutyra et al. [3], and
gained prominence in the 1960s and 1970s. During this
period, researchers such as Hans Haenel emphasized the
importance of quantifying dysbiosis and its counterpart,
eubiosis, in relation to disease. However, modern
research has not extensively adopted this quantitative
approach [4].

Several studies have revealed the causes of dysbiosis,
including the excessive use of antibiotics [2], certain classes
of nonantibiotic prescription medications (e.g., chemo-
therapy), a high-fat, low-fiber diet [5], sedentary lifestyle
factors, circadian disruption and insomnia, smoking [2],
and early factors such as the mode of fetus delivery and
breastfeeding [1]. Common symptoms of dysbiosis are
gastrointestinal disturbances (e.g., abdominal pain, disten-
sion, and diarrhea) [6]. Other symptoms may include fati-
gue, mental confusion, skin rashes, food intolerances, and
increased susceptibility to infections. Nevertheless, several
diseases and health conditions, such as cancers, inflam-
matory, metabolic or autoimmune conditions, cardiovas-
cular diseases, and skin conditions, also mental disorders
and neurological diseases, can be associated with dysbiosis
[2, 7-11]. Emerging research establishes the pathogenesis of

microbiota dysbiosis (mainly the bacterial component) in
disease development and progression, primarily through
modulation of host immune response, induction of chronic
inflammation, and impaired intestinal permeability, as well
as abnormal microbial metabolite profiles like trimethyla-
mine, genotoxic compounds, short-chain fatty acids
(SCFAs), bile acids, etc. [12, 13]. Understanding these
mechanisms has allowed for the development of
microbiota-based treatments and innovative solutions with
the aim to restore microbiome balance and mitigate asso-
ciated health risks. Emerging treatments aim to leverage
personalized approaches, including tailored probiotics, nu-
tritherapy, functional foods, microbiome-modulating die-
tary recommendations, and advanced microbiota trans-
plantation techniques. The therapeutic strategies discussed
for dysbiosis include the restoration of the microbial bal-
ance through dietary action and the use of probiotics,
prebiotics, symbiotics, and postbiotics [2, 6, 7, 14]. The
control of antibiotic-resistant bacteria has also been studied
[15]. Adverse effects of microbiome interventions are often
overlooked, yet they are crucial for informed risk-benefit
assessments. Both acute and long-term risks have been
described so far, including alterations in the microbiota
composition or function, invasive infections, antibiotic
resistance, and chronic health risks such as autoimmune
disorders and human-to-human pathogen transfer [16-18].

The above-mentioned strategies underscore the
intersection of science and technology in addressing
microbiome-related disorders by developing innovative
solutions and inventions. Innovations are by definition
novel, nonobvious and industrially applicable technical
solutions, and their role is particularly evident in the
patent landscape, where numerous inventions are driv-
ing progress in microbiome therapeutics.

Patents are legal documents allowing the granting of
exclusivity on original methods and formulations. The
patent literature, consisting of both pending and granted
patents, is a valuable source for exploring the state of the
art and trends around a subject of study. The analysis of
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patent documents can focus on the evolution of inventive
research over time, as well as stakeholders such as
inventors, applicants, and patent owners. The technolo-
gies covered by patents can be identified from a quali-
tative study or through the patent classification codes
assigned to each patent when examined by intellectual
property (IP) or patent offices.

The perceived high importance of dysbiosis contrac-
tion was demonstrated by a recent analysis of the overall
functional food patent landscape, which revealed that
probiotics and prebiotics represented a significant theme
[19]. Examples of patents in this domain include en-
gineered probiotics designed to target specific pathogens
(W02020/139852A1), prebiotic formulations optimized
for gut health (W02018/023003A1), and diagnostic tools
capable of identifying dysbiosis-related markers
(US2018/0267037A1 and CN110097928B). Additionally,
advancements in biotechnological platforms for micro-
biome analysis can facilitate the development of preci-
sion medicine approaches (US2023/0245733A1). These
patents protect novel solutions and highlight the
increasing commercial interest in translating microbiome
science into practical healthcare applications.

Our present research aims to characterize and assess
the innovation around dysbiosis through a comprehen-
sive analysis of the patent literature, collected from The

(A) 100
1200
1000
-
5
3 8oo
v
€
S 600
£
3 400
o
T
£ 200
2 (|
g o - - - - - = n un 0
mohmmo:vamohmmoﬁmmw
9999959000000 600 8 o 38
QARQQRINNRNRENRNYNERR

(B) United Kingdom |17
Mexico |37
Ukraine |44
Russia |59
Canada Jlo2
Australia o1
China [202
European Patents [l7021
wiPO  [zsE
United States [ assil

Jurisdictions

(o] 1000 2000 3000 4000 5000

Patent document count

Lens patent database (www.lens.org). This study provides
researchers with an overview of the patent landscape
surrounding dysbiosis.

RESULTS

To collect the major body of patents on dysbiosis, we
chose to use the specialized database The Lens, contain-
ing 159,589,594 patent documents as of October 28, 2024.
We used a query with the keyword “dysbiosis” in all
patent fields, covering the period of the last 20 years from
January 1, 2005, to October 28, 2024. The search returned
8097 patent documents (https://doi.org/10.5281/zenodo.
14984713). The growing trend of patent filings is appar-
ent. In 2005, only six documents were published, while
the year 2022 saw a maximum number of publications
with 1222 documents (Figure 1A), and 37% of the pub-
lished documents are still active (Figure 1B). The United
States is the jurisdiction where the most documents have
been published, with 4361 patent documents (Figure 1C),
and the American company Psomagen Inc. has the
highest number (171 documents) of patents related to
dysbiosis (Figure 1D).

Analysis of the titles of collected patent documents
shows that dysbiosis is associated with various diseases.
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FIGURE 1 The global patent landscape of inventions related to dysbiosis. (A) Evolution of the dysbiosis patent publication since 2005
(the year 2024 data are limited to October 28). (B) Current legal status of dysbiosis patent documents. (C) Top 10 dysbiosis patent documents

jurisdictions. (D) Top 10 dysbiosis patent documents owners.
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We carried out this analysis on the titles of the docu-
ments grouped into simple families to avoid multiplying
the citation of the same work. The list of titles for all 8097
documents was downloaded and processed by Python
(Python Software Foundation, Wilmington, DE, United
States). The most cited diseases (Figure 2A) are inflam-
matory diseases (197 citations), followed by infectious
diseases (138 citations). The top 10 most cited patent
documents related to dysbiosis (Figure 2B) had citations
between 199 times (US2013/0121968A1) and 346 times
(US2014/0147425A1). The top 10 most cited scientific
publications in dysbiosis patent documents (Figure 2C)
have received between 118 citations for the article en-
titled “Structure, function, and diversity of the healthy
human microbiome” and 219 citations for the article
entitled “Molecular-phylogenetic  characterization of
microbial community imbalances in human inflammatory
bowel diseases.” Based on the International Patent Clas-
sification (IPC) Portal, which is administered by the
World Intellectual Property Organization (WIPO) and
available at https://ipcpub.wipo.int, the analysis of the
IPC codes assigned to the collected patent documents
reveals that the use of bacteria is an important techno-
logical axis of innovation in the field of dysbiosis. It is
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represented by the general code A61K35/74 assigned to
1483 documents. The specific therapeutic activity tar-
geted by the invention is the second technological field
revealed with this analysis (Figure 2D).

DISCUSSION

This analysis covers 8097 patent documents related to
dysbiosis. These documents cover the last 20 years and
come from the database specializing in patent literature,
The Lens. Several points are of high importance and are
detailed in the following discussion. A period of 20 years
has been chosen as the analysis period because it en-
compasses more than 99% of all publications concerning
dysbiosis. The trend of publications represented by the
graph in Figure 1A is increasing. Innovation was very
limited from the mid-2000s to the early 2010s (between 6
and 75 documents published from 2005 to 2013). It was
only in 2014 that the number of published documents
exceeded 100 for the first time, with 128 patent docu-
ments published. Since then, dysbiosis has sparked a
growing interest to reach a thousand publications per
year from the beginning of the 2020s, with a peak

(A) Dysbiosis’ Associated Diseases and Conditions (D) Patent document IPCs’ codes
Innovation fields

oﬁ‘&"' o ) Therapeutic use of bacteria
90 v . .
© or its derived
Inflammatory Infectious Cancer Gastrointestinal Skin conditions - Probiotics (A61K35/741)
diseases diseases diseases + Spore-forming bacteria
(A61K35/742)
197 citations 138 citations 134 citations 130 citations 102 citations «Lactic acid bacteria (A61K35/744)
« Bifidobacteria (A61K35/745)

(B) patent 1dentifier Title Citations + Lactobacilli (A61K35/747)
US 2014/0147425 A1 Synergistic Bacterial Compositions and Methods of Production and Use Thereof 346
WO 2015/095241 A2 Bacterial Compositions and Methods of Use Thereof for Treatment of Immune System Disorders 305 Specific therapeutic activity
US 8603749 B2 Multitag Sequencing Ecogenomics Analysis-US 301
US 2019/0247050 A1 Integrated System for the Infixion and Retrieval of Implants 283 + Disorders of the digestive system
US 2014/0199281 A1 Synergistic Bacterial Compositions and Methods of production and Use Thereof 268 (A61P1/00)
WO 2014/121298 A2 Methods of Populating a Gastrointestinal Tract 256 + Antibacterial agents (A61P31/04)
US 9028841 B2 Synergistic Bacterial Compositions and Methods of Production and Use Thereof 237 + Antineoplastic agents (A61P35/00)
US 9011834 B1 Compositions and Methods 228 «Non-central analgesic, antipyretic
US 2014/0341921 A1 Human-derived Bacteria that Induce Proliferation or Accumulation of Regulatory T Cells 227 or anti-inflammatory agents
US 2013/0121968 A1 Methods of Combining Metagenome and the Metatranscriptome in Multiplex Profiles 199 (A61P29/00)

(C)Title Journal, Year Citations —
Molecular-phylogenetic Characterization of Microbial Community Imbalances in Human PNAS, 2007 [21] 219
InflammtoryiBowelDiseases g ‘ . -Bacteria culture media (C12N1/20)
FaecallbaFterllfm prausm?zu isan Antlﬂnﬂamma}tory Commensal Bacterium Identified ~ PNAS, 2008 [22] 208 +Measuring or testing processes
by Gut MI(.:I'ObIOta Anally5|s of Crohn Dlse.ase Patients . ) involving nucleic acids (C12Q1/68
Teg Induction by a Rationally Selected Mixture of Clostridia Strains From the Human Nature, 2013 [23] 207 and C12Q1/689)
Microbiota o i - Modifying nutritive qualities of
D|versnFy of the Human Intestinal Microbial Flgra . ) Sc!ence, 2005 [24] 195 foods (A23L33/00 and
Induction of Colonic Regulatory T Cells by Indigenous Clostridium Species Science, 2011 [25] 182 A23133/135)
Basic Local Alignment Search Tool J. Mol. Biol., 1990 [26] 172
Low Counts of Faecalibacterium prausnitzii in Colitis Microbiota Inflamm. Bowel Dis., 2009 [27] 146
Diversity, Metabolism and Microbial Ecology of Butyrate-producing Bacteria from the FEMS Microbiol. Lett., 2009 [28] 136
Human Large Intestine
The Key Role of Segmented Filamentous Bacteria in the Coordinated Maturation of Gut  Immunity, 2009 [29] 131
Helper T Cell Responses
Structure, Function and Diversity of the Healthy Human Microbiome Nature, 2012 [30] 118

FIGURE 2 Dysbiosis-related data based on relevant diseases, most cited patents and publications, and innovation fields. (A) The most
dysbiosis-associated diseases. (B) The top 10 most cited dysbiosis patent documents. (C) The top 10 scientific publications that are most cited

in the dysbiosis patent documents. (D) Innovation fields based on the dysbiosis patent document IPC codes.
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recorded in 2022 when 1222 patent documents were
published, including 281 granted patents. Furthermore,
the distribution of publications over time within the
jurisdictions with the highest numbers of publications
shows that innovation concerning dysbiosis has become
a notable trend since the early 2010s. Almost at the same
time, the publication of patent documents in the United
States, under the global Patent Cooperation Treaty (PCT)
via WIPO, and in the European region, has seen a con-
tinuous increase, always dominated by publications in
the United States (Figure S1). This interest, on the one
hand, can be explained due to the advances made by
fundamental research, in particular associated with
deoxyribonucleic acid (DNA) sequencing, which im-
proves our knowledge of the microbiota [20]. On the
other hand, dysbiosis is becoming a threat to public
health, and now is recognized as linked to several other
chronic diseases such as inflammatory diseases as well as
mental and neurological diseases [10, 11], highlighting its
role in both gastrointestinal and mental health.

The legal status of the patent documents analyzed
(Figure 1B) demonstrates the relative youth of innova-
tion related to dysbiosis. In fact, 37% of patents are
granted and are still active, and 50% of documents are
still being vetted by the various IP offices.

According to the top 10 jurisdictions for the publication
of processed patent documents (Figure 1C), publication in
the United States is the most prolific with 4361 documents,
accounting for almost 54% of all publications. Beyond the
health issue of progress in the fight against dysbiosis, we
can explain this observation by the importance of Ameri-
can investments in this field of research, supported by
dozens of startups with funding of several 100 million
dollars (www.medicalstartups.org/top/microbiome; ac-
cessed on December 17, 2024), and by the establishment of
the most innovative companies in the field in the United
States (Figure 1D). Indeed, seven of the top 10 companies
as owners of dysbiosis patents have their headquarters in
the United States. Psomagen Inc. is the leader in this field,
with 171 patent documents. It provides genomics solu-
tions, in particular clinical sequencing and research
sequencing. Ubiome Inc. (San Francisco, CA, USA) is
second with 155 patent documents. It is a provider of
sequencing-based clinical microbiome tests designed to
collect and analyze data on the human microbiome.
However, financial problems precipitated the transfer of its
patent ownership and IP capital taken over by Psomagen
Inc. since 2020. CJ Bioscience Inc. (Seoul, South Korea) is
third in the owners' ranking with 146 patent documents. It
is an Artificial Intelligence (AI)-based microbiome drug
development company interested in microbiome research
at several levels, such as bioinformatics and the next-
generation sequencing.

Patent document data analysis reveals a set of dis-
eases associated with dysbiosis-centric innovation. The
top five diseases (Figure 2A) are inflammatory diseases,
infectious diseases, cancers, gastrointestinal diseases, and
skin diseases [21-30]. In the case of inflammatory dis-
eases, a more precise analysis shows that 55% of the
inflammation addressed by the patents derives from the
bowel. This result is explained by the fact that dysbiosis
leads to excessive activation of the immune system in the
case of many gastrointestinal disorders, such as Crohn's
disease or ulcerative colitis, which increases chronic
inflammation. In the case of cancers, about 60% of pa-
tents claim innovations for the prevention and treatment
of colorectal cancers. Indeed, the changes in the gut
microbiota characteristics of dysbiosis increase the like-
lihood of developing colorectal cancer, via altering the
intestinal barrier and inducing genetic mutations by
certain products of pathogenic bacteria, such as Escher-
ichia coli and Fusobacterium nucleatum. This discovery is
in line with the bibliographical evidence and illustrates
the advances of innovation in managing of the symptoms
and effects of dysbiosis.

Regarding the 10 most cited patents (Figure 2B), we
observe how preparations based on bacteria, or their
derivatives act to mitigate the consequences of dysbiosis.
Three out of the top 10 examined patents (US2014/
0147425A1, US2014/0199281A1, and US9028841B2)
belong to the same simple patent family. They describe
therapeutic compositions containing purified popula-
tions of bacteria that, once administered to the target
person, participate in preventing and treating the symp-
toms associated with dysbiosis. The most cited patents
also concern compositions containing bacterial combi-
nations beneficial for maintaining or restoring a healthy
microbiota to regulate the immune process (W0O2015/
095241A2 and US2014/0341921A1). Other innovations
show interest in manipulating genetic materials to
develop diagnostic procedures or effective therapies
(US8603749B2 and US2013/0121968A1).

The most cited scientific references in the patent
documents (Figure 2C) express the importance of the
precise and correct identification of microbial diversity
and types of metabolism that come into play, especially
in the different parts of the digestive system. These
documents also describe some advances in the manage-
ment of diseases related to microbial imbalance in the
human body, including through the use of T-cell lym-
phocytes, which is found in a patent application US2014/
0341921A1, one of the most cited patent documents.

The examination of the IPC codes assigned to the
patent documents analyzed confirms the observation from
the analysis of the most cited patent documents, namely
the action taken on bacteria and their derivatives to limit
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the effects of dysbiosis and cure it. Regarding the IPC
codes, the code A61K35/74 is in the majority with 1483
citations. It refers to innovations in therapeutic prepara-
tions containing bacterial proteins, which shows the
importance of bacteria and their derivatives in remedying
dysbiosis. An examination of the Top 20 IPC codes allows
us to identify the main areas of innovation claimed by the
patents studied (Figure 2D). The first area is precisely that
of the use of bacteria and their derivatives (with 3632
patent documents), which includes the use of probiotics
(A61K35/741), spore-forming bacteria (A61K35/742), lac-
tic acid bacteria (A61K35/744), bifidobacteria (A61K35/
745), and lactobacilli (A61K35/747). The second area, with
2231 patent documents, focuses on therapeutic activities
and includes problems of the digestive system (A61P1/00),
the development and use of antibacterial (A61P31/04),
antineoplastic (A61P35/00), and antipyretic or anti-
inflammatory agents (A61P29/00). Other codes appear
promising, such as C12N1/20 for the development of
bacterial culture media, assigned to 779 documents;
C12Q1/68 for nucleic acid measurements and tests and
C12Q1/689 for nucleic acid products used for the detec-
tion or identification of bacteria, assigned to 351 and 461
documents, respectively; as well as codes A23L33/00
concerning the modification of the nutritional qualities of
foods and A23L33/135 concerning the particular modifi-
cation of foods with the use of bacteria, attributed to 306
and 703 documents, respectively.

Table S1 presents a selection of 10 patent documents.
This selection represents the most relevant documents on
the basis of a selection grid that classifies the documents
collected from our exhaustive search, taking into account
the relevance of the documents according to the method
used by the source database of The Lens, as well as
additional elements represented by the size of the simple
and extended families of patents, their legal status, and
their age.

These innovations are based on three major axes,
which are therapies aimed at rebalancing the microbiota,
the development and improvement of diagnostic tools,
and the treatment of specific pathologies. Examples of
innovations aimed at rebalancing the microbiota are
most represented in our document selection. They
mainly use approaches based on bacteria and prebiotics.
The patent AU2018/204406B2 claims a synergistic bac-
terial composition capable of preventing and treating
imbalances in the microbiota. Patent application
US2017/0151269A1 describes the use of therapeutic gly-
cans to modulate the gastrointestinal microbiota and
treat dysbiosis. The EP3468573B1 patent presents a for-
mulation of specific bacterial strains to combat Clostrid-
ium difficile. Patent application US2017/0281692A1 seeks
to standardize microbiota restoration therapy from feces.
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Further, document number W02020/048609A1 aims at
the development of prebiotics enriched with a poly-
saccharide originating from some plants to restore
intestinal balance.

Microbiota analysis and diagnostic technologies are
also concerned by some of our selected documents.
Advanced techniques allow for accurate and rapid iden-
tification of microbes, allowing for accurate diagnosis
and personalized treatments. The European patent
EP3265822B1 claims the invention to improve the rapid
detection of microbial imbalances through the use of
spectrometry to analyze the microbiome and its interac-
tions with tissues. Patent application W02018/053308A1
claims a universal method of microbial DNA extraction
for optimizing the identification of pathogenic organisms
and complex microbial populations. The U.S. patent
US10347367B2 highlights the impact of the microbiome
on cardiovascular function to plan personalized treat-
ments. Other innovations harness microbiota to treat
specific conditions, as illustrated in our selection by
patent application US2024/0066079A1, which claims a
natural alternative (Propionibacterium acnes) to conven-
tional acne treatments. Further, the patent application
EP3616678A1 claims the development of a topical com-
position based on glycerin and Pichia anomala extract to
improve skin microflora. These advances contribute to a
better understanding of the link between the microbiome
and health and also pave the way for personalized and
more precise therapeutic approaches.

CLINICAL TRIAL OUTCOMES AND
REAL-WORLD EVIDENCE

A critical aspect of validating microbiome-based thera-
pies for intestinal dysbiosis involves synthesizing clinical
trial outcomes and real-world evidence. Current thera-
peutic strategies, such as probiotics, fecal microbiota
transplantation (FMT), and microbiome-targeted drugs,
have shown varying degrees of efficacy in restoring
microbial balance and alleviating disease symptoms.
Clinical trial registries, such as ClinicalTrials.gov
(https://clinicaltrials.gov/search?cond=Dysbiosis; ac-
cessed on March 8, 2025), provides extensive data on
ongoing and completed trials that evaluate the efficacy of
these treatments.

Probiotics have demonstrated potential in modulating
gut microbiota, particularly in reducing inflammation
and improving gut barrier function in inflammatory
bowel diseases (IBD). For example, clinical trials have
consistently reported that probiotic strains such as Lac-
tobacillus and Bifidobacterium show promising outcomes
in reducing symptoms of ulcerative colitis and Crohn's
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disease. Similarly, FMT has gained attraction as a treat-
ment for Clostridioides difficile infections, and ongoing
trials are exploring its application in broader dysbiosis-
related disorders, including metabolic syndromes and
inflammatory diseases. Along this line, searching
PubMed revealed up to date (as of March 9, 2025) over a
500 published meta-analysis of clinical trial studies ex-
ploring the effectiveness of probiotics in different health
conditions, and readers are referred to this literature pool
for more detailed insights.

FUTURE RESEARCH DIRECTIONS
AND THERAPEUTIC HORIZONS IN
DYSBIOSIS

Advancing gene editing for microbiota
modulation

The advent of clustered regularly interspaced short pal-
indromic repeats (CRISPR)-Cas9 and other gene-editing
technologies has revolutionized microbiome research,
providing precise tools to manipulate gut microbial
populations for therapeutic applications. Future research
should focus on leveraging CRISPR-based editing to en-
gineer commensal bacteria capable of mitigating
dysbiosis-associated diseases. Targeted genetic modifica-
tions can enable probiotic strains to enhance beneficial
metabolite production, degrade pathogenic compounds,
or promote restoration of microbial balance. For ex-
ample, engineered Bacteroides strains could be pro-
grammed to produce SCFAs that enhance gut barrier
integrity and modulate immune responses, thereby mi-
tigating IBD and metabolic disorders.

Integrating T-cell lymphocyte-based
therapeutics

A particularly exciting relevant development is the inte-
gration of T-cell lymphocyte-based therapeutics with
synthetic microbiome therapies. T-cell engineering, like
the chimeric antigen receptor (CAR)-T cell technology,
has demonstrated remarkable success in immuno-
therapy, and its application to microbiome-associated
disorders is gaining increasing interest. Engineered T-
cells can be designed to recognize and respond to gut
dysbiosis-related fluctuations of relevant biomolecules by
modulating immune responses in real time. For example,
synthetic biology approaches can enable T-cells to detect
inflammatory signals associated with dysbiosis and sub-
sequently release targeted cytokines to restore gut
homeostasis. Conversely, recent research has indicated

that microbiota composition is able to influence the
success or toxicity of the CAR-T therapy, opening the
possibility for simultaneous targeting microbiota to
achieve superior CAR-T therapy outcomes. Thus, by
combining immune-based interventions with precision
microbiome-targeting approaches, researchers can
develop more comprehensive and adaptive therapeutic
strategies for diverse conditions such as IBD and auto-
immune disorders.

Overcoming challenges and ethical
considerations

The rapid commercialization of microbiome-based
therapies presents significant ethical and regulatory
challenges, particularly regarding equitable access, cost-
related disparities, and patent monopolies. While these
therapies hold great promise, their high development
costs and limited insurance coverage create affordability
barriers, disproportionately affecting low-income popu-
lations. Patent monopolization by biotech firms further
restricts competition and drives up costs, highlighting the
need for open-access research initiatives, patent-sharing
models, and non-profit-driven innovations to ensure
broader availability. Regulatory inconsistencies across
jurisdictions also pose hurdles, with microbiome thera-
pies classified variably as biological drugs, supplements,
or novel treatments, leading to delays in approval and
potential safety risks. The lack of standardized global
guidelines underscores the urgency of harmonizing reg-
ulatory frameworks, ensuring rigorous safety assess-
ments, and establishing ethical guidelines for engineered
microbiota and CRISPR-based interventions. Addressing
these concerns requires collaborative efforts from pol-
icymakers, researchers, and industry leaders to develop
pricing strategies, public health programs, and accessible
microbiome innovations that prioritize patient well-being
over commercial interests. By fostering balanced policies
and equitable deployment, microbiome-based therapies
can evolve into transformative yet responsibly managed
healthcare solutions.

CONCLUSION

In this study, qualitative and quantitative data from
patent documents on dysbiosis were processed to per-
form a comprehensive analysis that can be useful in
understanding the technological innovation developed
over the last 20 years, aimed at reducing the symptoms of
dysbiosis and related diseases. Although the technical
area addressed is a young field of innovation, with most
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patents still in force or under examination, the growing
trend of patent filings related to dysbiosis is confirmed.
The United States is becoming a leader in the claim of
patented processes and methods, drawn by companies
and investment funds with solid finances. Dysbiosis is
associated with several other diseases; sometimes, it is
their cause, and sometimes, it appears to be their con-
sequence. The remediation of the microbial imbalance
observed during dysbiosis requires the perfect identifi-
cation of the microbial and particularly bacterial species
involved, which has been made possible thanks to new
genetic manipulation techniques. In addition, the most
cited patents reveal the importance of using purified
bacterial strains to manage dysbiosis and its effects. The
knowledge gained through the present analysis might
help accelerate the development of effective solutions,
inform regulatory and market strategies, and help
translate microbiome science into impactful health
interventions. The convergence of gene editing, synthetic
biology, and microbiome research holds immense
promises for revolutionizing the treatment of dysbiosis
and its associated pathologies. Future research should
prioritize the development of precision microbiome
therapeutics, noninvasive diagnostic tools, and robust
regulatory frameworks to facilitate the safe translation of
these innovations into clinical practice. By harnessing
these cutting-edge technologies, the field can move closer
to personalized and highly targeted microbiota-based
precision interventions for a range of gastrointestinal and
systemic diseases.
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Figure S1: Dysbiosis patent documents publication over
time in the three leading jurisdictions. The trends high-
light the growing interest in dysbiosis-related innova-
tions, particularly in the United States, which has con-
sistently led in patent filings. The recent decline observed

in

2023-2024 may indicate market saturation, shifts in

research focus, or delays in patent processing. WIPO,
World Intellectual Property Organization.

Table S1: Selection of 10 relevant dysbiosis patent
documents.
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