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 This review provides an overview of the potential of 

probiotics as a clinical intervention for infectious 

diseases by examining research and development efforts 

over the past two decades, as reflected in patents and 

clinical trials. Data were collected from patent and 

clinical trial databases to assess the long- and short-term 

trends in probiotics research. Analysis included the total 

number of patents and trials for each indication, 

application dates and locations, and types of 

applicants/sponsors. A total of 22 infectious diseases 

were investigated, resulting in 82 patents and 65 clinical 

trials targeting 18 indications. A consistent increase was 

observed in the number of patents and clinical trials 

since 1999, with the highest number focusing on 

digestive tract, respiratory, and urogenital indications. 

The findings indicate significant interest in probiotics for 

infectious diseases, aligning with reported unmet needs 

and global probiotics sales estimates. However, a 

decreasing rate of translation from patents to clinical 

trials suggests potential barriers in the research process. 
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Introduction 

As recently as 2019, infectious diseases like lower respiratory tract infections, diarrheal 

diseases, and tuberculosis persisted among the top 10 global causes of death and disability-

adjusted life years (DALYs) (Global Health Observatory, 2021). Noteworthy outbreaks such as 

severe acute respiratory syndrome (SARS), Middle East respiratory syndrome (MERS), and 

the ongoing COVID-19 pandemic underscored the increasing prevalence of zoonotic diseases 

(Skowron et al., 2022). Moreover, the incidence and impact of lower respiratory tract 

infections are expected to escalate within our aging population, posing significant challenges 

to healthcare systems if unaddressed (Feddema et al., 2021). In 2018, the economic toll of 

infectious disease epidemics was estimated at approximately US$60 billion annually, with the 
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ongoing COVID-19 pandemic costs projected to soar to US$16 trillion (Cutler and Summers, 

2020; Wellcome, 2021). 

Even as years have passed since the pandemic's onset, its repercussions endure. Despite 

challenges such as a dearth of understanding about the emerging virus (Janse et al., 2021), 

numerous vaccines have been developed, exhibiting short-term efficacy and effectiveness 

(Noor, 2021; Whitaker et al., 2022). Yet, uncertainties persist regarding long-term efficacy, 

and curative medications, while in development, remain unavailable (Couzin-Frankel, 2021; 

Kane and Kounang, 2022). Additionally, the World Health Organization (WHO) reports 

disruptions in immunization programs due to the pandemic, potentially leading to increased 

vaccine-preventable diseases among young children (World Health Organization, 2020). 

Furthermore, antimicrobial resistance is escalating, diminishing the effectiveness of antibiotic 

interventions developed to combat infectious diseases (Peri et al., 2019). Hence, there is a 

pressing need for novel interventional and prophylactic approaches to alleviate the burden of 

infectious diseases. 

Maintaining and potentially restoring the microbiota of humans is regarded as crucial 

for the resilience of both humans and animals, offering protection against various infectious 

and inflammatory diseases (Larsen and van de Burgwal, 2021). Probiotics, defined as "live 

microorganisms which when administered in adequate amounts confer a health benefit on the 

host" (World Health Organization, 1999, p. 8), have shown promise as a clinical intervention 

for numerous infectious diseases, potentially including COVID-19 (Lei et al., 2017; Infusino et 

al., 2020). Research indicates that probiotics may be beneficial for infectious diseases due to 

their positive effects on the host's microbiota, which can lead to various other health benefits 

(Valdez et al., 2014; Reid, 2017; Liu et al., 2018; Infusino et al., 2020). The primary target for 

probiotics thus far has been the gut microbiota, given its significant contribution to immune 

system development and its status as the largest immune organ in the human body (Ubeda 

and Pamer, 2012). However, promising outcomes have also been observed for other 

microbiota, such as the lung microbiota, where probiotics exert their effects through the gut-

lung axis (Dumas et al., 2018; de Oliveira et al., 2021). 

Probiotics can alter the human gut microbiota in several ways, including enhancing 

antiviral activity following vaccination (Yeh et al., 2018; Infusino et al., 2020), and preventing 

and/or treating respiratory tract and urogenital infections by inhibiting bacterial adhesion 

and enhancing mucosal barrier function (Reid, 2017; Liu et al., 2018; Stavropoulou and 

Bezirtzoglou, 2020; Lv et al., 2021; Theodosiou et al., 2021). The significance of the gut 

microbiota is further underscored in the context of COVID-19, as the virus affects not only the 

respiratory tract but has also been associated with reduced gut microbiota diversity due to 

interactions between the respiratory and digestive tracts, known as the gut-lung axis (de 

Oliveira et al., 2021). Although research on the relationship between COVID-19 and the gut 

microbiota is still emerging, probiotics have been suggested to potentially enhance the 

recovery of hospitalized COVID-19 patients compared to those not using probiotics (Zhang L. 

et al., 2021). However, numerous clinical trials are ongoing, complicating the comprehensive 

assessment of probiotics' benefits for COVID-19 (Kurian et al., 2021). 

In summary, probiotics hold promise as an intervention for infectious diseases. 

Alongside their potential clinical effectiveness, research has demonstrated the safety of orally 

file:///D:/Work/Innovative%20Academy/Innovative%20Academy%20journals/EJAR/Main%20documents%20-%20Asosiy%20fayllar/www.in-academy.uz


EURASIAN JOURNAL OF MEDICAL AND 

NATURAL SCIENCES  
Innovative Academy Research Support Center 

UIF = 8.3 | SJIF = 7.921 www.in-academy.uz 

Volume 4 Issue 3, March 2024                       ISSN 2181-287X  Page 259 

consumed probiotics (van den Nieuwboer et al., 2014, 2015a,b; Larsen et al., 2017). As a 

result, probiotics could become interventions with a favorable benefit-to-burden ratio. 

However, concerns persist regarding efficacy due to conflicting findings across clinical studies 

(Suez et al., 2019). These discrepancies may stem from various research barriers, including 

differences in strain potency and user characteristics such as dosage (Suez et al., 2019). 

Additionally, probiotic species can exert their effects through diverse mechanisms, such as 

fermentation and antibiotic production, further complicating efficacy assessments (Suissa et 

al., 2022). Moreover, carrier matrices can impact probiotic efficacy (Flach et al., 2018). 

Consequently, making generalized statements about probiotic efficacy is challenging due to 

these factors (Flach et al., 2018; Lebeer et al., 2018). Nonetheless, the field of probiotics is 

rapidly advancing. Overall, the current understanding of probiotics' effectiveness remains 

uncertain, leaving unanswered questions about their most beneficial applications, not only for 

COVID-19 but also for other infectious diseases. 

An effective approach to grasp the current state of the field is to examine intellectual 

property and ongoing clinical trials. Patents serve as early indicators of market developments 

and emerging technologies, offering insights into long-term research trends as they provide 

intellectual property protection for 20 years (Feddema and Claassen, 2018; Janse et al., 2020). 

On the other hand, clinical trials offer a snapshot of late-stage research progress, serving as 

essential steps preceding market entry and providing short-term insights into ongoing 

research efforts (Janse et al., 2020). In line with this perspective, this review aims to 

comprehensively assess the state of probiotics and infectious diseases by analyzing relevant 

patents and clinical trials conducted over the past two decades. 

Materials and Methods  

To explore the utilization of probiotics for the prevention, treatment, or mitigation of 

symptoms associated with infectious diseases, we examined both patent and clinical trial 

databases. Patents serve to safeguard the intellectual property of novel inventions, making 

them a reflection of early-stage applied research endeavors (Janse et al., 2020). On the other 

hand, clinical trials represent the culmination of late-stage research efforts, being conducted 

towards the conclusion of the research and development process prior to market introduction 

(Ramezanpour et al., 2015; Janse et al., 2020). Collectively, these databases offer insights into 

the progression of the research field. 

Selection and Categorization of Infectious Diseases 

We conducted searches in patent and clinical trial databases to identify entries 

combining probiotics with infectious diseases. To define infectious diseases comprehensively 

and ensure the inclusion of a diverse range of conditions, we consulted relevant literature 

sources to compile an extensive list (Shetty et al., 2009; Webber, 2019; University of Utah 

Health, 2021). A comprehensive table was developed in collaboration with a medical 

microbiology expert to establish a thorough foundation for this investigation. A total of 80 

infectious diseases and infections, along with their microbiological classifications, were 

categorized into nine distinct groups based on their most prevalent clinical symptoms 

(Supplementary Table 1). 

According to Nelson (2014), clinical classification relies on identifying a disease's 

predominant clinical manifestation, which can be pivotal in selecting appropriate treatments. 
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Given that our research focused on treatment, prevention, immune response enhancement, 

and symptom alleviation, this classification methodology was deemed most beneficial 

compared to other conventional approaches such as microbiological or transmission-based 

classification. However, due to the varied nature of certain infectious diseases, multiple 

classification options were available, such as infectious diarrhea, Escherichia coli, and 

Clostridium difficile infections. In such cases, we adopted the most commonly cited 

classification found in the literature. Additionally, certain diseases like infectious diarrhea and 

nosocomial infections may have multiple potential causative agents. To encompass these 

possibilities, no further specifications were applied, and the most prevalent causative 

pathogens (e.g., norovirus, rotavirus, E. coli, and Salmonella spp.) were listed separately. The 

classification of systemic symptoms was based on the definition provided by the United States 

National Library of Medicine (NLM) Medical Encyclopedia, referring to infectious diseases 

that "affect the entire body, rather than a single organ or body part" (NLM, 2021, para. 1). 

Collection of Patent and Clinical Trial Data 

To identify pertinent patents, this study utilized the European Patent Office (EPO) 

Espacenet database, renowned for its extensive coverage of patents, encompassing over 130 

million patents from various countries and organizations globally (Jürgens and Herrero-

Solana, 2015). For the identification of relevant clinical studies, searches were conducted on 

the EU clinical trials register (CTR.eu), the United States NLM database (CT.gov), and the 

International Clinical Trials Registry Platform (ICTRP). These databases were chosen due to 

their regular updates and comprehensive coverage, collectively spanning 202 countries and 

encompassing 17 distinct clinical trial databases (World Health Organization, 2021). This 

selection aligns with previous studies in the field (Ramezanpour et al., 2015; Janse et al., 2020; 

Neevel et al., 2020). 

  To ensure thorough coverage of relevant patents, expert guidance was sought from the 

Dutch Patent Office, a division of the Netherlands Enterprise Agency (RVO). International 

Patent Classification (IPC) codes and Cooperative Patent Classification (CPC) codes were both 

employed to select pertinent patent codes (Table 1). Search queries were crafted for each 

infectious disease, incorporating the patent classification codes outlined in Table 1 

(Espacenet, 2019), followed by the disease's name and, where applicable, its common name or 

abbreviation. 

Table 1 

Overview of included patent classification codes. 

CPC/IPC code Description Espacenet 

A61K2035/115 “Probiotics” 

A61K35/741 “Probiotics (probiotic yeast, e.g., saccharomyces)” 

A61K35/742 “Spore-forming bacteria, e.g., Bacillus coagulans, Bacillus subtilis, 

clostridium or Lactobacillus sporogenes” 

A61K35/744 “Lactic acid bacteria, e.g., enterococci, pediococci, lactococci, 

streptococci or leuconostocs” 

A61K35/745 “Bifidobacteria” 

A61K35/747 “Lactobacilli, e.g., L. acidophilus or L. brevis” 
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A23L33/135 “Bacteria or derivatives thereof, e.g., probiotics” 

For clinical trial data collection, a similar methodology was employed, with specific 

queries devised for each infectious disease. To ensure the trials focused on probiotic 

interventions, search queries in clinical trial databases incorporated a list of the most 

commonly utilized probiotic microorganisms, including terms such as “Probiotic,” 

“Probiotics,” “lactobacillus,” “streptococcus,” “bifidobacterium,” “enterococcus,” “Escherichia,” 

“e coli,” “saccharomyces,” and “lactic acid bacterium.” Extensive testing of search queries was 

conducted to optimize their effectiveness. It was observed that wildcard operators (*) had 

little impact on the relevance of results or sometimes led to inaccuracies, thus they were 

omitted from the queries. The final database searches were conducted on November 15, 2021. 

Patent and Clinical Trial Data Selection 

Selection of patent and clinical trial data involved a manual screening process of titles to 

determine suitability. Subsequently, for patents, a secondary screening of abstracts, 

descriptions, and claims was conducted within the Espacenet database to ensure adherence to 

inclusion criteria. The following criteria were applied for both patents and clinical trials: 

 Publication between January 1, 1999, and November 15, 2021. 

 Description of live probiotics intended for oral ingestion (excluding killed 

microorganisms or derivatives thereof). 

 Relevance to the enhancement of post-vaccination immune response, treatment, 

prevention, or alleviation of symptoms of infectious diseases. 

 For patents: exclusion of those solely detailing production methods or technologies. 

 For clinical trials: adherence to an interventional study design. 

The chosen timeframe of 1999 to 2021 allowed for a comprehensive overview of the 

past two decades. Due to the 18-month delay between patent filing and publication, as well as 

disruptions caused by the COVID-19 pandemic, data beyond May 2020 were not considered 

for definitive conclusions. Additionally, patents or clinical trials involving killed 

microorganisms or their derivatives were excluded, as they did not align with the WHO 

definition of probiotics. 

Patent and Clinical Trial Analysis 

Analysis of patent and clinical trial data was primarily conducted using Microsoft Excel. 

Full patent documents available in the Espacenet database were consulted for detailed patent 

analysis. The key aspects examined in the patent and clinical trial analysis included the 

following: the total number of included results, the nature of the applicant or sponsor 

(industrial, academic, individual, government, or collaborative), year of publication, and 

geographical distribution. 

Each individual patent and clinical trial entry was carefully reviewed to determine the 

number of results associated with each infectious disease. These entries were then coded with 

the names of all mentioned indications. To enhance visualization clarity, indications were 

categorized based on their clinical manifestations. Similarly, applicant and sponsor types 

were coded by analyzing each included patent and clinical trial, utilizing extracted data or full 

patent documents when necessary. 

Application or start years were readily available, and countries of patent application or 

clinical trial execution were identified using the country (or organization) codes associated 
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with each patent. This information was gathered from all patent numbers listed under "also 

published as" and the indicated locations of clinical trials, respectively. 

Results 

Patent and Clinical Trial Inclusion 

Out of 782 patent documents retrieved from Espacenet for all relevant infectious 

diseases, 125 were deemed suitable for analysis. The primary reasons for exclusion included 

patents describing production processes, focusing on other disease types such as chronic and 

autoimmune conditions, utilizing probiotic derivatives instead of live organisms, or lacking 

any mention of probiotics. The analysis of included patents involved examining the indicated 

infectious disease(s), the country of patent application, the type of applicant, and the 

application date. 

    Regarding clinical trials, out of 658 trials identified for the relevant infectious diseases, 

124 met the inclusion criteria for analysis from CT.gov, CTR.eu, and the ICTRP. Clinical trials 

were excluded if the indication stated in the title was not related to an infectious disease or if 

the specified intervention did not involve probiotics. The analysis of included clinical trials 

encompassed the number of trials focusing on each infectious disease, their respective 

locations, the type of sponsor, and the starting year. 

Patent and Clinical Trial Trends 

The majority of patents were associated with infectious diseases manifesting in 

digestive tract symptoms (46.5%) and urogenital symptoms (19.2%), which included notable 

pathogens such as E. coli (n = 86), Helicobacter pylori (n = 80), bacterial vaginosis (n = 73), and 

C. difficile (n = 70), as depicted in Figure 1. The top five infectious diseases with the highest 

number of patent results were all related to digestive tract and urogenital infections, whereas 

the top 10 also encompassed upper respiratory tract infections (influenza, n = 74) and oral 

infections (periodontitis, n = 49). In contrast, fewer relevant patents were identified for most 

parasitic infections, zoonoses, tropical diseases, and newly emerging infectious diseases 

(totaling n = 35). Among the included clinical trials, the majority were centered around 

infectious diseases characterized by digestive tract symptoms (43.4%), urogenital symptoms 

(20.7%), and respiratory symptoms (18.8%), with the highest number of trials focusing on H. 

pylori infection (n = 74), antibiotic-associated diarrhea (n = 62), and bacterial vaginosis 

(n = 56; Figure 1). This was followed by pneumonia (n = 43) and urinary tract infections 

(n = 41). Additionally, there were 33 clinical trials and 28 patents specifically targeting 

probiotic applications for COVID-19. 

Regarding the initial year of application for each patent and clinical trial, there was an 

upward trajectory in the total numbers of patents and clinical trials since 1999 (Figure 2A). 

Examining the ratio of clinical trials to patents (CT/P) per year revealed an ascending trend 

from 2000 to approximately 2017, followed by a slight decline from around 2014 to roughly 

2018 (Figure 2A). Categorizing patents based on the clinical manifestation of infectious 

diseases, applications of probiotics targeting digestive tract symptoms have remained the 

most prevalent since 1999, followed by those addressing urogenital symptoms (Figure 2B). 

Similarly, clinical trials exhibited a comparable pattern to patents concerning infectious 

diseases with respiratory tract and urogenital symptoms; however, there was a greater 

emphasis on clinical trials involving probiotics for infectious diseases with respiratory 
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symptoms and a lesser focus on those affecting the skin (Figure 2C). Notably, both patents and 

clinical trials relating to probiotic applications for infectious diseases involving the central 

nervous system, ear, nose and throat, systemic issues, skin ailments, cardiovascular 

conditions, and hemorrhagic fevers demonstrated slower cumulative growth (Figures 2 B, C). 

 
Figure 1 

Focal points of patents and clinical trials were digestive tract, urogenital, and respiratory 

symptoms. Percentages of patent and clinical trial results for each category of infectious 

diseases based on clinical manifestation. The 20 infectious diseases that were mentioned most 

frequently in patents are displayed in the insert graph . 
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   Figure 2 Patents and clinical trials showed an increasing trend since the year 

2000. (A) CT/P = clinical trials/patents. Displayed are the cumulative number of patents and 

clinical trials as well as the ratio of clinical trials and patents. (B) Cumulative number of 

patents for each group of clinical symptoms of infectious diseases. (C) Cumulative number of 

clinical trials for each group of clinical symptoms of infectious diseases. Cardiovascular and 

central nervous system symptoms are obscured due to overlap with hemorrhagic fevers. The 

years 2020 and 2021 may not be complete due to the 18-month patent application period and 

COVID-19-related disruptions. 
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Figure 4 

China, the United States, South Korea, and Iran were the most frequently reported 

locations of patent applications and clinical trials. (A) Number of patent applications per 

country or organization. Total exceeds n = 789 due to most patents being applied for in 

multiple countries. (B) Number of clinical trials per country. Numbers not shown on the map 

are included in the bar graph. 
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Patent and Clinical Trial Applications  

Examining the countries of application for each patent, the primary locations were in 

Asia and North America, with the highest number of patents filed in China (n = 377), followed 

by the United States of America (n = 321) and Korea (n = 241; Figure 3A). Additionally, 380 

patents were applied for at the World Intellectual Property Organization (WIPO), 276 at the 

European Patent Office (EPO), 15 at the Eurasian Patent Organization (EAPO), and 2 at the 

African Regional Intellectual Property Organization (ARIPO). Figure 4B illustrates that the 

principal locations for clinical trials were also in Asia and North America, with the United 

States of America leading (n = 67), followed by Iran (n = 61), China (n = 52), India (n = 41), and 

Canada (n = 31). Overall, clinical trials appeared to be more geographically distributed than 

patent applications; however, 40 clinical trial records did not specify a location. 

In addition to examining the patent application country and trial location, the types of 

applicants and sponsors were scrutinized (Figure 4). More than half of the patents were 

attributed to industrial applicants (n = 437, 56.1%), representing the largest cohort, 

succeeded by academic applicants (n = 133, 17.1%), individual applicants (n = 81, 10.4%), and 

collaborations between industry and individuals (n = 48, 6.2%) or academia (n = 44, 5.6%). 

Governmental organizations accounted for the fewest number of patents (n = 34, 4.4%). 

Regarding the sponsors/collaborators of the clinical trials, over half were funded by academic 

entities (n = 313, 52.0%). The second-largest sponsor group comprised industrial entities 

(n = 96, 15.9%), followed by collaborations between academia and industry (n = 84, 14.0%) 

and governmental entities (n = 81, 13.5%). The smallest number of clinical trials was 

sponsored by individuals (n = 11, 1.8%) and collaborations between industry and individuals 

(n = 7, 1.2%). Some trial records did not specify a sponsor or collaborator (n = 10, 1.7%). 

 
Figure 4 

Main applicant/sponsor types included industry and academia. Values represent 

percentages of the number of included patents and clinical trials, respectively. 
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Discussion  

This study provides an analysis of the current landscape concerning patents and clinical 

trials related to probiotics for infectious diseases. Our research encompassed 789 patents and 

602 clinical trials primarily focusing on infectious diseases with symptoms affecting the 

digestive tract, urogenital system, and respiratory system. The significant growth in both 

patents and clinical trials from 1999 to 2021 indicates a substantial interest in probiotics as 

potential clinical interventions for infectious diseases, particularly in Asia and North America, 

drawing attention from both industrial and academic sectors. 

Over the past two decades, we observed a slight disparity between the cumulative 

increase in patents describing probiotic applications for infectious diseases and the growth in 

the number of clinical trials. While the cumulative number of patents appears to have reached 

a plateau, clinical trials have continued to rise steadily, with no apparent sign of saturation 

until 2021. Drawing from Fernald et al.'s (2013) concept of the technology saturation curve 

(S-curve) initially proposed by Ernst (1997), which illustrates technological evolution within 

an industry across four stages: Emerging, Growth, Maturity, and Saturation (Weenen et al., 

2013), our data suggests that the probiotics industry, as reflected by the cumulative number 

of patents, has likely entered the maturity stage. However, this assessment remains 

provisional and awaits confirmation from future data, as external factors such as the COVID-

19 pandemic and the 18-month patent application process could introduce delays and 

potential alterations to this trajectory. 

In terms of clinical trials, the cumulative count over the past two decades exhibited a 

less pronounced growth trajectory, showing no indication of reaching a plateau. This suggests 

that, according to the S-curve framework, the maturity stage has yet to be attained. The lag 

observed between patents and clinical trials may stem from various factors. Firstly, as noted 

by van de Burgwal et al. (2018), the process of patent application typically precedes the 

execution of clinical trials in the research continuum. Additionally, the patent application 

process is comparatively less arduous and costly than conducting clinical trials, potentially 

leading to the abandonment of new probiotic products during early-stage development due to 

stringent regulatory requirements in probiotics research (van den Nieuwboer et al., 2016; 

Binda et al., 2020). Consequently, this could create a disparity between the number of patents 

filed and the number of clinical trials initiated. 

Infectious diseases characterized by digestive tract symptoms exhibited the most 

substantial growth in both patents and clinical trials, making them the predominant 

indications overall. This emphasis on digestive tract symptoms aligns with the direct 

interaction between probiotics and the gut microbiota of the host, as well as pathogens 

(Cazorla et al., 2018; Lv et al., 2021; Taverniti et al., 2021). Furthermore, these findings 

corroborate a previous study by van den Nieuwboer et al. (2016), which highlighted the high 

priority of conditions related to the digestive tract, such as antibiotic-associated diarrhea, 

among key opinion leaders (KOLs) in the probiotics field. 

The second and third highest numbers of patents and clinical trials were observed for 

infectious diseases with urogenital and respiratory symptoms, respectively. The susceptibility 

to these diseases has been linked to the microbiome composition in both young children and 

older adults (Horwitz et al., 2015; Unger and Bogaert, 2017). According to the study on unmet 

file:///D:/Work/Innovative%20Academy/Innovative%20Academy%20journals/EJAR/Main%20documents%20-%20Asosiy%20fayllar/www.in-academy.uz


EURASIAN JOURNAL OF MEDICAL AND 

NATURAL SCIENCES  
Innovative Academy Research Support Center 

UIF = 8.3 | SJIF = 7.921 www.in-academy.uz 

Volume 4 Issue 3, March 2024                       ISSN 2181-287X  Page 268 

needs and research priorities by van den Nieuwboer et al. (2016), respiratory infections in 

infants and children held a medium research priority, while it was low for adults, aligning 

with the observed percentages of patents and clinical trials. The exception to this trend is the 

significant number of clinical trials investigating the effects of probiotics on COVID-19 (n = 33) 

in the past two years, reflecting the emergence of the COVID-19 pandemic after the 

publication of van den Nieuwboer et al.'s research. As for the research priority of infectious 

diseases with urogenital symptoms, comparisons with the findings of van den Nieuwboer et 

al. (2016) are challenging due to the lack of specific articulation, likely stemming from either 

low prioritization or the use of alternative terminology. 

Investigation into termination and specification revealed that more than half of the data 

entries reviewed did not specify the probiotic strain utilized. Sampling was conducted by 

randomly selecting 2–5 records of patents and clinical trials, respectively, for each of the top 

24 most frequently studied infectious diseases. The number of patents and clinical trials 

sampled for each infectious disease was contingent upon the number of results included in 

the final dataset to enhance sample accuracy, comprising approximately 10% of the data. 

Among the 80 sampled patents, approximately 49% (n = 39) specified one or multiple 

probiotic strains, while out of 62 patents, approximately 39% (n = 24) specified a probiotic 

strain or product with a traceable composition. The absence of specification poses a barrier in 

the research process, as probiotic effects can vary significantly between strains, rendering it 

ambiguous which probiotic strain(s) are accountable for the reported health effects disclosed 

in patents and clinical trials, thus impeding the replicability of probiotic research. 

The clinical trials scrutinized in this review were primarily sponsored/executed by 

academic institutions, whereas patents were predominantly applied for by industrial entities. 

Comparison of the contributions from the three main applicant/sponsor groups (industry, 

academia, and government) was conducted for each indication type following methodologies 

outlined in prior studies. Similar distributions were observed across all nine categories of 

infectious diseases between the three groups of patent applicants and clinical trial sponsors. 

This aligns with the understanding that clinical trials offer insights into research trends, with 

academic entities concentrating more on fundamental research, while patents reflect market 

dynamics, with industrial entities prioritizing applied research and commercialization. 

The International Probiotics Association (IPA) reported in 2019 that China ranked 

highest in sales of probiotic supplements and yoghurts, followed by the United States and 

Europe. Corresponding to these sales estimates, it was observed that Asia and North America 

were the most favored locations for clinical trials and patent applications. As outlined by 

Neevel et al. (2020), the location of patent applications is closely linked to anticipated profits, 

given the high costs associated with patent filing and maintenance. Lower-income countries 

were less frequently cited as locations for patent applications and clinical trials. Reid et al. 

(2018) noted that many individuals in these countries lack access to probiotic products. 

However, the IPA underscores that these populations may stand to benefit the most from 

probiotics, as low hygiene standards and inadequate access to clean water contribute to a 

surge in infectious disease prevalence. 

When interpreting the findings of this study, several limitations should be taken into 

account. Firstly, the patenting process can span up to 18 months from application to 

file:///D:/Work/Innovative%20Academy/Innovative%20Academy%20journals/EJAR/Main%20documents%20-%20Asosiy%20fayllar/www.in-academy.uz


EURASIAN JOURNAL OF MEDICAL AND 

NATURAL SCIENCES  
Innovative Academy Research Support Center 

UIF = 8.3 | SJIF = 7.921 www.in-academy.uz 

Volume 4 Issue 3, March 2024                       ISSN 2181-287X  Page 269 

publication (European Patent Office, 2021), preventing definitive conclusions from the most 

recent data. Similarly, it is probable that the data collected in this study has been influenced 

by the ongoing COVID-19 pandemic, although its full impact remains uncertain. To ensure 

rigorous results, our research methodology underwent validation by experts in patents, 

clinical trials, infectious diseases, and (medical) microbiology. To conduct a comprehensive 

investigation of the state of the art, we opted to focus solely on a broad range of indications 

for probiotics, excluding pre- and postbiotics from consideration. 

For future research, it would be advantageous to delve into details such as the specific 

strain and dosage of probiotics indicated in relevant patents and clinical trials, as well as the 

mechanisms of action of these probiotics. Additionally, alternative interventions targeting the 

gut microbiota, such as fecal microbiota transplants (FMT), which can be considered 

probiotics "in extremo" and have shown efficacy in restoring dysbiosis caused by C. difficile 

infections (Ser et al., 2021), should not be overlooked. Interestingly, the efficacy of FMT 

following antibiotics is hindered by the use of a multistrain probiotic (Suez et al., 2018), 

emphasizing the necessity for further investigation into strain-specific effects (Hill et al., 

2014). 

Conclusion.  

The escalating volume of research evidenced by the proliferation of patents and clinical 

trials over the past two decades underscores the recognition of probiotics' potential in 

managing infectious diseases. This aligns with reported research priorities, anticipated sales, 

and market growth (van den Nieuwboer et al., 2016; International Probiotics Association, 

2019). Nevertheless, evidence suggests a slowdown in research and development at the nexus 

of probiotic products and infectious diseases. This deceleration could be attributed to the 

natural evolution of technology or external factors such as regulatory constraints on 

probiotics research. Regardless, given the backdrop of the COVID-19 pandemic and potential 

future infectious disease outbreaks resulting from societal changes (Hersh et al., 2012; Zhang 

D. et al., 2021; Skowron et al., 2022), it is imperative to foster the advancement of state-of-the-

art clinical modalities targeting infectious diseases. As previously emphasized (Larsen and 

van de Burgwal, 2021), such progress should account for the impact of alterations to 

microbial communities across ecosystems. 

 

References: 
1. Binda S., Hill C., Johansen E., Obis D., Pot B., Sanders M. E., et al.. (2020). Criteria to 

qualify microorganisms as “probiotic” in foods and dietary supplements. Front. 

Microbiol. 11:1662. doi: 10.3389/fmicb.2020.01662, PMID: [PMC free article] [PubMed] 

[CrossRef] [Google Scholar] 

2. Cazorla S. I., Maldonado-Galdeano C., Weill R., De Paula J., Perdigón G. D. (2018). Oral 

administration of probiotics increases Paneth cells and intestinal antimicrobial activity. Front. 

Microbiol. 9:736. doi: 10.3389/fmicb.2018.00736, PMID: [PMC free article] [PubMed] 

[CrossRef] [Google Scholar] 

3. Couzin-Frankel J. (2021). Antiviral pills could change pandemic’s course. Science 374, 

799–800. doi: 10.1126/science.acx9605, PMID: [PubMed] [CrossRef] [Google Scholar] 

file:///D:/Work/Innovative%20Academy/Innovative%20Academy%20journals/EJAR/Main%20documents%20-%20Asosiy%20fayllar/www.in-academy.uz
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7394020/
https://pubmed.ncbi.nlm.nih.gov/32793153
https://doi.org/10.3389%2Ffmicb.2020.01662
https://scholar.google.com/scholar_lookup?journal=Front.+Microbiol.&title=Criteria+to+qualify+microorganisms+as+%E2%80%9Cprobiotic%E2%80%9D+in+foods+and+dietary+supplements&author=S.+Binda&author=C.+Hill&author=E.+Johansen&author=D.+Obis&author=B.+Pot&volume=11&publication_year=2020&pages=1662&pmid=32793153&doi=10.3389/fmicb.2020.01662&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5911494/
https://pubmed.ncbi.nlm.nih.gov/29713315
https://doi.org/10.3389%2Ffmicb.2018.00736
https://scholar.google.com/scholar_lookup?journal=Front.+Microbiol.&title=Oral+administration+of+probiotics+increases+Paneth+cells+and+intestinal+antimicrobial+activity&author=S.+I.+Cazorla&author=C.+Maldonado-Galdeano&author=R.+Weill&author=J.+De+Paula&author=G.+D.+Perdig%C3%B3n&volume=9&publication_year=2018&pages=736&pmid=29713315&doi=10.3389/fmicb.2018.00736&
https://pubmed.ncbi.nlm.nih.gov/34762459
https://doi.org/10.1126%2Fscience.acx9605
https://scholar.google.com/scholar_lookup?journal=Science&title=Antiviral+pills+could+change+pandemic%E2%80%99s+course&author=J.+Couzin-Frankel&volume=374&publication_year=2021&pages=799-800&pmid=34762459&doi=10.1126/science.acx9605&


EURASIAN JOURNAL OF MEDICAL AND 

NATURAL SCIENCES  
Innovative Academy Research Support Center 

UIF = 8.3 | SJIF = 7.921 www.in-academy.uz 

Volume 4 Issue 3, March 2024                       ISSN 2181-287X  Page 270 

4. Cutler D. M., Summers L. H. (2020). The COVID-19 pandemic and the $16 trillion 

virus. JAMA 324, 1495–1496. doi: 10.1001/jama.2020.19759, PMID: [PMC free 

article] [PubMed] [CrossRef] [Google Scholar] 

5. de Oliveira G. L. V., Oliveira C. N. S., Pinzan C. F., de Salis L. V. V., Cardoso C. R. D. B. 

(2021). Microbiota modulation of the gut-lung axis in COVID-19. Front. Immunol. 12:635471. 

doi: 10.3389/fimmu.2021.635471, PMID: [PMC free article] [PubMed] [CrossRef] [Google 

Scholar] 

6. Dumas A., Bernard L., Poquet Y., Lugo-Villarino G., Neyrolles O. (2018). The role of the 

lung microbiota and the gut–lung axis in respiratory infectious diseases. Cell. 

Microbiol. 20:e12966. doi: 10.1111/cmi.12966, PMID: [PubMed] [CrossRef] [Google Scholar] 

7. Ernst H. (1997). The use of patent data for technological forecasting: the diffusion of 

CNC-technology in the machine tool industry. Small Bus. Econ. 9, 361–381. doi: 

10.1023/A:1007921808138 [CrossRef] [Google Scholar] 

8. Espacenet (2019). Classification Search. Available 

at: https://worldwide.espacenet.com/classification?locale=en_EP (Accessed November 17, 

2021). 

9. European Patent Office (2021). The Patenting Process. Available 

at: https://www.epo.org/learning/materials/inventors-

handbook/protection/patents.html (Accessed November 17, 2021). 

10. Feddema J. J., Claassen E. (2018). Addressing the unmet need in respiratory viruses: an 

interdisciplinary analysis of product development pipeline in Asia. Int. J. Clin. Trials 5, 1–10. 

doi: 10.18203/2349-3259.ijct20180001 [CrossRef] [Google Scholar] 

11. Feddema J. J., van der Geest A. M., Claassen E., van de Burgwal L. H. (2021). Lower 

respiratory tract infection trends in east and South-East Asia: In the light of economic and 

health care development. Glob. Pediatr. Health 8, 1–9. doi: 10.1177/2333794X21989530, 

PMID: [PMC free article] [PubMed] [CrossRef] [Google Scholar] 

12. Fernald K. D. S., Weenen T. C., Sibley K. J., Claassen E. (2013). Limits of biotechnological 

innovation. Techn. Investment. 4, 168–178. doi: 10.4236/ti.2013.43020 [CrossRef] [Google 

Scholar] 

13. Flach J., van der Waal M. B., van den Nieuwboer M., Claassen E., Larsen O. F. (2018). The 

underexposed role of food matrices in probiotic products: reviewing the relationship between 

carrier matrices and product parameters. Crit. Rev. Food Sci. Nutr. 58, 2570–2584. doi: 

10.1080/10408398.2017.1334624, PMID: [PubMed] [CrossRef] [Google Scholar] 

14. Global Health Observatory (2021). Global Health Estimates: Life Expectancy and Leading 

Causes of Death and Disability. Available 

at: https://www.who.int/data/gho/data/themes/mortality-and-global-health-

estimates (Accessed December 28, 2021). 

15. Hersh A. L., Newland J. G., Beekmann S. E., Polgreen P. M., Gilbert D. N. (2012). Unmet 

medical need in infectious diseases. Clin. Infect. Dis. 54, 1677–1678. doi: 10.1093/cid/cis275, 

PMID: [PMC free article] [PubMed] [CrossRef] [Google Scholar] 

16. Hill C., Guarner F., Reid G., Gibson G. R., Merenstein D. J., Pot B., et al.. (2014). The 

international scientific association for probiotics and prebiotics consensus statement on the 

file:///D:/Work/Innovative%20Academy/Innovative%20Academy%20journals/EJAR/Main%20documents%20-%20Asosiy%20fayllar/www.in-academy.uz
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7604733/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7604733/
https://pubmed.ncbi.nlm.nih.gov/33044484
https://doi.org/10.1001%2Fjama.2020.19759
https://scholar.google.com/scholar_lookup?journal=JAMA&title=The+COVID-19+pandemic+and+the+$16+trillion+virus&author=D.+M.+Cutler&author=L.+H.+Summers&volume=324&publication_year=2020&pages=1495-1496&pmid=33044484&doi=10.1001/jama.2020.19759&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7945592/
https://pubmed.ncbi.nlm.nih.gov/33717181
https://doi.org/10.3389%2Ffimmu.2021.635471
https://scholar.google.com/scholar_lookup?journal=Front.+Immunol.&title=Microbiota+modulation+of+the+gut-lung+axis+in+COVID-19&author=G.+L.+V.+de+Oliveira&author=C.+N.+S.+Oliveira&author=C.+F.+Pinzan&author=L.+V.+V.+de+Salis&author=C.+R.+D.+B.+Cardoso&volume=12&publication_year=2021&pages=635471&pmid=33717181&doi=10.3389/fimmu.2021.635471&
https://scholar.google.com/scholar_lookup?journal=Front.+Immunol.&title=Microbiota+modulation+of+the+gut-lung+axis+in+COVID-19&author=G.+L.+V.+de+Oliveira&author=C.+N.+S.+Oliveira&author=C.+F.+Pinzan&author=L.+V.+V.+de+Salis&author=C.+R.+D.+B.+Cardoso&volume=12&publication_year=2021&pages=635471&pmid=33717181&doi=10.3389/fimmu.2021.635471&
https://pubmed.ncbi.nlm.nih.gov/30329198
https://doi.org/10.1111%2Fcmi.12966
https://scholar.google.com/scholar_lookup?journal=Cell.+Microbiol.&title=The+role+of+the+lung+microbiota+and+the+gut%E2%80%93lung+axis+in+respiratory+infectious+diseases&author=A.+Dumas&author=L.+Bernard&author=Y.+Poquet&author=G.+Lugo-Villarino&author=O.+Neyrolles&volume=20&publication_year=2018&pages=e12966&pmid=30329198&doi=10.1111/cmi.12966&
https://doi.org/10.1023%2FA%3A1007921808138
https://scholar.google.com/scholar_lookup?journal=Small+Bus.+Econ.&title=The+use+of+patent+data+for+technological+forecasting:+the+diffusion+of+CNC-technology+in+the+machine+tool+industry&author=H.+Ernst&volume=9&publication_year=1997&pages=361-381&doi=10.1023/A:1007921808138&
https://worldwide.espacenet.com/classification?locale=en_EP
https://www.epo.org/learning/materials/inventors-handbook/protection/patents.html
https://www.epo.org/learning/materials/inventors-handbook/protection/patents.html
https://doi.org/10.18203%2F2349-3259.ijct20180001
https://scholar.google.com/scholar_lookup?journal=Int.+J.+Clin.+Trials&title=Addressing+the+unmet+need+in+respiratory+viruses:+an+interdisciplinary+analysis+of+product+development+pipeline+in+Asia&author=J.+J.+Feddema&author=E.+Claassen&volume=5&publication_year=2018&pages=1-10&doi=10.18203/2349-3259.ijct20180001&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7841237/
https://pubmed.ncbi.nlm.nih.gov/33614839
https://doi.org/10.1177%2F2333794X21989530
https://scholar.google.com/scholar_lookup?journal=Glob.+Pediatr.+Health&title=Lower+respiratory+tract+infection+trends+in+east+and+South-East+Asia:+In+the+light+of+economic+and+health+care+development&author=J.+J.+Feddema&author=A.+M.+van+der+Geest&author=E.+Claassen&author=L.+H.+van+de+Burgwal&volume=8&publication_year=2021&pages=1-9&pmid=33614839&doi=10.1177/2333794X21989530&
https://doi.org/10.4236%2Fti.2013.43020
https://scholar.google.com/scholar_lookup?journal=Techn.+Investment.&title=Limits+of+biotechnological+innovation&author=K.+D.+S.+Fernald&author=T.+C.+Weenen&author=K.+J.+Sibley&author=E.+Claassen&volume=4&publication_year=2013&pages=168-178&doi=10.4236/ti.2013.43020&
https://scholar.google.com/scholar_lookup?journal=Techn.+Investment.&title=Limits+of+biotechnological+innovation&author=K.+D.+S.+Fernald&author=T.+C.+Weenen&author=K.+J.+Sibley&author=E.+Claassen&volume=4&publication_year=2013&pages=168-178&doi=10.4236/ti.2013.43020&
https://pubmed.ncbi.nlm.nih.gov/28609116
https://doi.org/10.1080%2F10408398.2017.1334624
https://scholar.google.com/scholar_lookup?journal=Crit.+Rev.+Food+Sci.+Nutr.&title=The+underexposed+role+of+food+matrices+in+probiotic+products:+reviewing+the+relationship+between+carrier+matrices+and+product+parameters&author=J.+Flach&author=M.+B.+van+der+Waal&author=M.+van+den+Nieuwboer&author=E.+Claassen&author=O.+F.+Larsen&volume=58&publication_year=2018&pages=2570-2584&pmid=28609116&doi=10.1080/10408398.2017.1334624&
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3404719/
https://pubmed.ncbi.nlm.nih.gov/22474176
https://doi.org/10.1093%2Fcid%2Fcis275
https://scholar.google.com/scholar_lookup?journal=Clin.+Infect.+Dis.&title=Unmet+medical+need+in+infectious+diseases&author=A.+L.+Hersh&author=J.+G.+Newland&author=S.+E.+Beekmann&author=P.+M.+Polgreen&author=D.+N.+Gilbert&volume=54&publication_year=2012&pages=1677-1678&pmid=22474176&doi=10.1093/cid/cis275&


EURASIAN JOURNAL OF MEDICAL AND 

NATURAL SCIENCES  
Innovative Academy Research Support Center 

UIF = 8.3 | SJIF = 7.921 www.in-academy.uz 

Volume 4 Issue 3, March 2024                       ISSN 2181-287X  Page 271 

scope and appropriate use of the term probiotic. Nat. Rev. Gastroenterol. Hepatol. 11, 506–514. 

doi: 10.1038/nrgastro.2014.66, PMID: [PubMed] [CrossRef] [Google Scholar] 

17. Horwitz D., McCue T., Mapes A. C., Ajami N. J., Petrosino J. F., Ramig R. F., et al.. 

(2015). Decreased microbiota diversity associated with urinary tract infection in a trial of 

bacterial interference. J. Infect. 71, 358–367. doi: 10.1016/j.jinf.2015.05.014, PMID: [PMC free 

article] [PubMed] [CrossRef] [Google Scholar] 

18. Infusino F., Marazzato M., Mancone M., Fedele F., Mastroianni C. M., Severino P., et al.. 

(2020). Diet supplementation, probiotics, and nutraceuticals in SARS-CoV-2 infection: a 

scoping review. Nutrients 12:1718. doi: 10.3390/nu12061718, PMID: [PMC free 

article] [PubMed] [CrossRef] [Google Scholar] 

19. International Probiotics Association (2015). Probiotics: A Need in Developing Countries. 

Available at: https://internationalprobiotics.org/probiotics-need-developing-

countries/ (Accessed January 18, 2022). 

20. International Probiotics Association (2019). European Probiotic Market Insights: 2019. 

Available at: https://www.ipaeurope.org/legal-framework/market-data/ (Accessed January 

18, 2022). 

21. Janse M., Brouwers T., Claassen E., Hermans P., Van de Burgwal L. (2021). Barriers 

influencing vaccine development timelines, identification, causal analysis, and prioritization of 

key barriers by KOLs in general and Covid-19 vaccine R&D. Front. Public Health 9:612541. doi: 

10.3389/fpubh.2021.612541, PMID: [PMC free article] [PubMed] [CrossRef] [Google Scholar] 

22. Janse M. J., Trocha M., Feddema J., Claassen E., Van de Burgwal L. (2020). Identifying the 

gaps in human and veterinary chlamydia vaccine development. Int. J. Clin. Trials 7, 160–169. 

doi: 10.18203/2349-3259.ijct20203102 [CrossRef] [Google Scholar] 

23. Jürgens B., Herrero-Solana V. (2015). Espacenet, Patentscope and Depatisnet: a 

comparison approach. World Patent Inf. 42, 4–12. doi: 10.1016/j.wpi.2015.05.004 

[CrossRef] [Google Scholar] 

24. Kane A., Kounang N. (2022). Pfizer’s Covid-19 Antiviral Pill Was Hailed as a Game-

Changer, but Supplies Are Scarce. Available 

at: https://edition.cnn.com/2022/01/12/health/paxlovid-pfizer-antiviral-

scarce/index.html (Accessed January 17, 2022). 

25. Kurian S. J., Unnikrishnan M. K., Miraj S. S., Bagchi D., Banerjee M., Reddy B. S., et al.. 

(2021). Probiotics in prevention and treatment of COVID-19: current perspective and future 

prospects. Arch. Med. Res. 52, 582–594. doi: 10.1016/j.arcmed.2021.03.002, PMID: 

file:///D:/Work/Innovative%20Academy/Innovative%20Academy%20journals/EJAR/Main%20documents%20-%20Asosiy%20fayllar/www.in-academy.uz
https://pubmed.ncbi.nlm.nih.gov/24912386
https://doi.org/10.1038%2Fnrgastro.2014.66
https://scholar.google.com/scholar_lookup?journal=Nat.+Rev.+Gastroenterol.+Hepatol.&title=The+international+scientific+association+for+probiotics+and+prebiotics+consensus+statement+on+the+scope+and+appropriate+use+of+the+term+probiotic&author=C.+Hill&author=F.+Guarner&author=G.+Reid&author=G.+R.+Gibson&author=D.+J.+Merenstein&volume=11&publication_year=2014&pages=506-514&pmid=24912386&doi=10.1038/nrgastro.2014.66&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4529357/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4529357/
https://pubmed.ncbi.nlm.nih.gov/26048203
https://doi.org/10.1016%2Fj.jinf.2015.05.014
https://scholar.google.com/scholar_lookup?journal=J.+Infect.&title=Decreased+microbiota+diversity+associated+with+urinary+tract+infection+in+a+trial+of+bacterial+interference&author=D.+Horwitz&author=T.+McCue&author=A.+C.+Mapes&author=N.+J.+Ajami&author=J.+F.+Petrosino&volume=71&publication_year=2015&pages=358-367&pmid=26048203&doi=10.1016/j.jinf.2015.05.014&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7352781/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7352781/
https://pubmed.ncbi.nlm.nih.gov/32521760
https://doi.org/10.3390%2Fnu12061718
https://scholar.google.com/scholar_lookup?journal=Nutrients&title=Diet+supplementation,+probiotics,+and+nutraceuticals+in+SARS-CoV-2+infection:+a+scoping+review&author=F.+Infusino&author=M.+Marazzato&author=M.+Mancone&author=F.+Fedele&author=C.+M.+Mastroianni&volume=12&publication_year=2020&pages=1718&pmid=32521760&doi=10.3390/nu12061718&
https://internationalprobiotics.org/probiotics-need-developing-countries/
https://internationalprobiotics.org/probiotics-need-developing-countries/
https://www.ipaeurope.org/legal-framework/market-data/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8096063/
https://pubmed.ncbi.nlm.nih.gov/33959579
https://doi.org/10.3389%2Ffpubh.2021.612541
https://scholar.google.com/scholar_lookup?journal=Front.+Public+Health&title=Barriers+influencing+vaccine+development+timelines,+identification,+causal+analysis,+and+prioritization+of+key+barriers+by+KOLs+in+general+and+Covid-19+vaccine+R&D&author=M.+Janse&author=T.+Brouwers&author=E.+Claassen&author=P.+Hermans&author=L.+Van+de+Burgwal&volume=9&publication_year=2021&pages=612541&pmid=33959579&doi=10.3389/fpubh.2021.612541&
https://doi.org/10.18203%2F2349-3259.ijct20203102
https://scholar.google.com/scholar_lookup?journal=Int.+J.+Clin.+Trials&title=Identifying+the+gaps+in+human+and+veterinary+chlamydia+vaccine+development&author=M.+J.+Janse&author=M.+Trocha&author=J.+Feddema&author=E.+Claassen&author=L.+Van+de+Burgwal&volume=7&publication_year=2020&pages=160-169&doi=10.18203/2349-3259.ijct20203102&
https://doi.org/10.1016%2Fj.wpi.2015.05.004
https://scholar.google.com/scholar_lookup?journal=World+Patent+Inf.&title=Espacenet,+Patentscope+and+Depatisnet:+a+comparison+approach&author=B.+J%C3%BCrgens&author=V.+Herrero-Solana&volume=42&publication_year=2015&pages=4-12&doi=10.1016/j.wpi.2015.05.004&
https://edition.cnn.com/2022/01/12/health/paxlovid-pfizer-antiviral-scarce/index.html
https://edition.cnn.com/2022/01/12/health/paxlovid-pfizer-antiviral-scarce/index.html

