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Summary 

Martino, D., A. Previti, E. Fortino, A. Pacini, A. Passantino & P. Schembri, 2026. Mapping 

the global landscape of bovine tuberculosis research: A systematic review using text mining 

and topic modelling – Part I: baseline for endemic Mediterranean ecosystems. Bulg. J. Vet. 

Med. (online first). 
 

Bovine tuberculosis (bTB), primarily caused by Mycobacterium bovis, poses a significant global 

threat to animal health, agricultural economies, and public health through zoonotic transmission. 

Eradication remains heavily obstructed by complex multi-host dynamics at the domestic-wildlife 

interface. As the first part of a broader project, this systematic review provides a comprehensive 

bibliometric and literature trend analysis to establish a robust macroscopic baseline. This framework 

paves the way for a localised, data-driven empirical evaluation of the specific bTB epidemiological 

dataset in Sicily.  Following PRISMA guidelines, a systematic screening of the Scopus database re-

trieved 560 eligible records (1970–2025) from 1,940 initial records. The corpus was evaluated using 

descriptive statistics, text mining via Term Frequency-Inverse Document Frequency (TF-IDF), and 

Latent Dirichlet Allocation (LDA) topic modelling.  The analysis revealed a progressive temporal 

surge in literature, peaking in 2013 and 2020–2021, driven by transitions to updated regulatory 

frameworks. Geographically, Europe led scientific output (43.21%), with Italy ranking as a major 

contributor (8.57%). Text mining isolated high-frequency terms including "vaccin," "deer," "wild," 

"isol," "test," and "badger". LDA modelling identified a balanced 5-topic architecture mapping global 

research priorities: molecular strain characterisation, vaccination strategies, diagnostic advancements, 

"One Health" farming risks, and wildlife reservoir dynamics. Chronological regression verified a 

rising scientific interest across all themes. Ultimately, this systematic review effectively translates 

global bibliometric trends into the essential theoretical framework required to contextualise and guide 

future targeted veterinary policies in Sicily. 

Key words: bovine, epidemiological monitoring, machine learning, One Health, text mi-

ning; topic analysis, tuberculosis 
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INTRODUCTION 

Tuberculosis (TB) represents an ancient 

and widespread infectious challenge cau-

sed by various species within the Myco-

bacterium tuberculosis complex (MTBC) 

(Fareed et al., 2024). This complex in-

cludes crucial human pathogens, such as 

M. tuberculosis, alongside zoonotic agents 

like M. bovis (Li et al., 2024; Szacawa et 

al., 2025). The MTBC is notable for its 

exceptionally broad affinity across diverse 

host species, posing a significant threat to 

global animal health. Worldwide econom-

ic losses reach 3 billion USD annually, 

driven by reduced productivity, trade re-

strictions (Rodriguez-Campos et al., 2014; 

Sehrish et al., 2025), disease control 

costs, and culling losses, which account 

for 30–50% of the difference between the 

market value of dairy or beef cattle and 

their value at slaughter (Khairullah et al., 

2024). These losses are caused by reduced 

productivity in livestock, restrictions on 

animal trade, costs of disease control, and 

the high morbidity and mortality associat-

ed with human tuberculosis (Mohammed 

et al., 2025).  M. bovis is the causative 

agent of bovine tuberculosis (bTB) in 

livestock, but also leads to zoonotic tuber-

culosis (zTB) in humans. This remains a 

major public health concern particularly in 

low-and-middle-income regions where the 

consumption of unpasteurised dairy and 

close proximity to infected animals facili-

tate transmission (Fareed et al., 2024; Van 

Der Zwan et al., 2024; Sehrish et al., 

2025;). While considerable advances have 

been made in controlling bTB globally, 

eradication is consistently obstructed by 

the continued presence of M. bovis in di-

verse wild mammal populations (Allen & 

Skuce, 2021), including deer (Allen et al., 

2025), wild boar, (Serraino et al.,1999; 

Bravo et al., 2024;), badgers (Tieri et al., 

2024), possums (Livingstone et al., 2015), 

water buffalo (Martucciello et al., 2024), 

and free-ranging domestic black pigs (Di 

Marco et al., 2012; Pate et al., 2024). 

This intricate multi-species host dy-

namics renders control measures unpre-

dictable and challenging, especially when 

the organism spreads beyond the primary 

bovine target. In regions facing endemic 

M. bovis circulation, such as Southern 

Italy (Sicily), the disease is actively main-

tained and exchanged between conven-

tional livestock and non-bovine species 

(e.g., domestic black pigs, wild boars, 

deer, and sheep), often facilitated by 

shared pasturing systems and spatial inter-

actions in natural parks (Di Marco et al., 

2022). In this context, molecular evidence 

has highlighted the specific role of the 

native Sicilian feral pig as an active wild-

life reservoir linked to extensive farming 

(Di Marco et al., 2012). Importantly, 

while certain species have been suggested 

as crucial reservoirs, the epidemiological 

contribution of others, such as goats, 

which exhibit a higher susceptibility to 

infection compared to sheep (Jiménez-

Martín et al., 2025), has significantly in-

creased in importance, challenging the 

historical view of these animals as less 

relevant hosts (Di Marco et al., 2022). 

Furthermore, such regional dynamics are 

inherently shaped by an insular epidemio-

logical framework, where host diversity 

and dense local trade networks complicate 

eradication in island ecosystems (Acevedo 

et al., 2013). 

Previous studies (Chang et al., 2017; 

Nafade et al., 2018) have mapped the sco-

pe of tuberculosis research literature, us-

ing machine learning methods (Dastani et 

al., 2022), highlighting the output of both 

individual countries and several organisa-

tions especially focusing on human health. 

https://www.sciencedirect.com/science/article/pii/S0034528816300583?via%3Dihub#bb0035
https://www.sciencedirect.com/science/article/pii/S0034528816300583?via%3Dihub#bb0035


D. Martino, A. Previti, E. Fortino, A. Pacini, A. Passantino & P. Schembri  

BJVM, ××, No × 3 

The present study provides a systemat-

ic review with text mining and topic anal-

ysis methods to explore the global land-

scape of bovine tuberculosis research, 

with a specific emphasis on the situation 

in Sicily, using text mining (TM) and top-

ic analysis (TA). The primary rationale 

for employing data mining methods is 

their capacity to efficently store and pro-

cess massive datasets. The study aims to 

uncover the most prominent topics in bTB 

research and analyse their temporal trends 

over the past fifty-five years. By examin-

ing the evolution of topics, the authors 

seek to identify potential areas that are 

currently under-researched. Moreover, the 

goal of the study is to apply the insights 

from the global review to better under-

stand the local epidemiology of bTB in 

Sicily from a "One Health" perspective. 

This approach recognises the intercon-

nectedness of human, animal, and envi-

ronmental health (Pitt & Gunn, 2024). To 

overcome a purely narrative correlation 

between international literature and local 

endemic frameworks, this manuscript ana-

lytically maps how macro-level biblio-

metric outputs directly translate into tar-

geted epidemiological actions for insular 

Mediterranean ecosystems. Consequently, 

this study is intentionally structured as 

Part I of a wider research project, serving 

as the required global evidence-based 

baseline from which localised, data-driven 

veterinary policies can be derived. 

MATERIALS AND METHODS 

Literature search and descriptive statistics 

A systematic review of the scientific liter-

ature was conducted on September 4, 

2025, to contextualise the local bTB situa-

tion in Italy, specifically in Sicily, within a 

global framework. The Scopus database 

was selected as the sole resource due to its 

wide-ranging coverage and accessibility 

(Mongeon & Paul-Hus, 2016). Unlike 

PubMed, which was excluded because its 

biomedical focus restricts the retrieval of 

essential veterinary-agricultural and live-

stock management literature (Pranckute, 

2021), Scopus offers a more comprehen-

sive multidisciplinary indexing. Further-

more, Web of Science was omitted be-

cause Scopus provides a higher coverage 

of international, peer-reviewed veterinary 

journals and more streamlined, reproduci-

ble data extraction functionalities for 

bibliometric software. The decision to 

utilise a single repository was made to 

optimise dataset curation, ensure structur-

al consistency, and eliminate record du-

plication, a methodological approach 

well-established in previous bibliometric 

literature (Parlina et al., 2020; Rejeb et 

al., 2023; Adamaκopoulou et al., 2023; 

Llinás et al., 2025; Previti et al., 2025).  

The search strategy was filtered using 

the following criteria: publication year 

(1970 to 2025); article type (reviews and 

scientific articles); language (English); 

and the required presence of an abstract. 

To map the global scientific landscape 

specifically focused on bTB dynamics 

within production systems and livestock 

management, the search strings were in-

tentionally designed around agricultural 

and domestic host terminology. This de-

liberate filtering was chosen to maintain a 

highly specialised corpus, minimising 

background noise from general ecological 

literature while ensuring a direct focus on 

livestock farming risks. 

The keywords used to identify relevant 

publications were “Mycobacterium AND 

bovis AND livestock” (n=656), “Myco-

bacterium AND caprae AND livestock 

(n=71)”, “Mycobacterium AND bovis 

AND complex AND livestock” (n=231), 

“Mycobacterium AND tuberculosis AND 
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livestock” (n=787), “tuberculosis AND 

cattle AND Italy” (n=79), “tuberculosis 

AND goat AND Italy” (n=14), “tubercu-

losis AND sheep AND Italy” (n=14), “tu-

berculosis AND livestock AND Italy” 

(n=28), and “tuberculosis AND Sicily” 

(n=60).  

All relevant records were retrieved 

from the Scopus database and exported 

into a Microsoft Excel spreadsheet. Each 

line in the spreadsheet corresponded to a 

single document, with columns detailing 

information such as author names, affilia-

tions, abstracts, publication year, docu-

ment type, journal title, and subject mat-

ter. Documents were also excluded if they 

were missing an author name, an English 

abstract, or a source, or if they were du-

plicates, or if the abstract was missing. 

After an initial automated review to 

remove conference papers, errata, letters, 

notes, and short reviews, papers that 

lacked an author name, English text or 

source, or the duplicates, the research 

team began screening the remaining rec-

ords. The titles and abstracts of the 844 

remaining articles were independently 

reviewed by the researchers. Any disa-

greements regarding inclusion were re-

solved through team discussion to reach 

consensus before proceeding to a full-text 

review. Following this, full-text articles 

were independently screened for final 

inclusion. The main reasons for exclusion 

were that the articles focused on other 

types of Mycobacterium (such as M. 

paratuberculosis), other diseases, or ex-

perimental procedures (Table 1).  

To minimise the risk of bias, a dual 

approach was implemented, combining 

text mining (TM) with rigorous manual 

screening by the authors. This comprehen-

sive strategy was adopted to ensure an 

accurate and complete selection of rele-

vant literature, acknowledging TM's value 

in reducing publication bias in systematic 

reviews (O’Mara-Eves et al., 2015). 

The entire process, from identifying to 

selecting studies, is detailed in a flowchart 

(Fig. 1) showing the number of records 

kept and excluded at each stage. Ultimate-

ly, a total of 560 records were chosen for 

the final analysis.  

An initial analysis was conducted us-

ing descriptive statistics to create a profile 

of the scientific dataset. This analysis fo-

cused on the publication year – serving to 

trace the chronological publication trend – 

Table 1. Inclusion and exclusion criteria 

Criteria (labels) Details/rationale 

Inclusion 

Language English – ensures accessibility and consistency of interpretation. 

Years 1970-2025 – captures historical and contemporary perspectives. 

Topic Global health concern of tuberculosis, exploring Italian context, 

particularly Sicilian livestock 

Source Peer-reviewed articles and reviews – ensures scientific rigour. 

Available Full access to abstract, title, full text, authorship, and journal infor-

mation for comprehensive analysis. 

Exclusion 

No-ruminant studies Excludes studies unrelated to the target topic (e.g., other Mycobac-

terium species, unrelated diseases, or purely experimental procedures). 
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and the source journal, to construct a mac-

roscopic profile of the research corpus, 

mapping out the distribution of records 

within the most prolific publishing plat-

forms. Pivot tables were used to count the 

number of documents published each year 

and to identify the journals that had the 

most significant contributions to the topic. 

Text mining 

After downloading and selecting the eligi-

ble articles for analysis, TM was per-

formed using R and RStudio (version 

1.3.1093, Free Software Foundation, Bos-

ton, MA, USA). A dedicated Excel 

spreadsheet was created for this process, 

structured with two columns: "doc_id" for 

the unique serial number of each of the 

560 documents, and "text" for the abstract 

of each paper. 

Following standard procedures 

(Sebastiani, 2002), the document corpus 

underwent a series of pre-processing 

steps. The text was first converted to low-

ercase, and then cleaned to remove unusu-

al symbols (e.g., "@", "/", "*"), punctua-

tion, numbers, common stop words (e.g., 

"the", "a", "and", "or", "on", "for", etc.). 

To filter out background noise and do-

main-specific redundancy, custom stop 

words closely tied to the overarching topic 

or generic research terminology and cus-

tom stop words (such as "anim", "tubercu-

losis" and "were") were also removed. 

Before any further processing, the text 

was processed to remove any redundant 

spacing. The remaining words were then 

broken down into smaller units (tokenisa-

tion) and subsequently simplified to their 

base forms. From this data, a document-

term matrix (DTM) was built, with each 

document corresponding to a row and 

each unique term to a column.  

To assess the importance of each word 

within the corpus, taking into account 

both how often it appears in a specific 

document and how common it is through-

out the entire collection, the frequency-
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Databases (n=1)

Total records (n=1940)
Mycobacterium AND Bovis AND Livestock (n=656)
Mycobacterium AND Caprae AND Livestock (n=71)

Mycobacterium AND Complex AND Livestock (n=231)
Mycobacterium AND Tuberculosis AND Livestock (n=787)

Tuberculosis AND Cattle AND Italy (n=79)
Tuberculosis AND AND Italy (n=14)Goat 

Tuberculosis AND  AND Italy (n=14)Sheep
Tuberculosis AND Livestock AND Italy (n=28)

Tuberculosis AND  (n=60)Sicily

Records screened:
(n=844)

Records retained: 
(n=560)

Removed records:
Records duplicates (n=843)

Records removed for other reasons:
No authors (n=13)

Abstract not available (n=48)
No English text (n=94)
No journal found (n=39)

No articles/reviews (n=59)

Manual screening to remove articles
not related to the topic of interest (i.e., 

records related to other Mycobacterium, 
or issues related to other diseases or

experimental procedures)
(n=284)

 
 

Fig. 1. Analytical process flowchart mapping the systematic literature selection process following 

PRISMA guidelines. It shows the step-by-step reduction from 1,940 initial records retrieved via 

specialised Scopus search strings to the final 560 eligible abstracts analysed in this study. Reasons 

and specific numbers for record exclusion are provided at each screening stage. 
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inverse document frequency (TF-IDF) 

method was used. This method refined the 

evaluation of a word’s significance within 

the corpus, and the most relevant terms 

(those with a TF-IDF >5) were displayed 

using a histogram.  

A visual representation of the most 

significant words was generated using a 

word cloud from https://www.word-

clouds.com/. In this visualisation, a word’s 

font size corresponds directly to its TF-

IDF score: a larger size signifies a higher 

TF-IDF value.  For the statistical analysis, 

various R packages were used, including 

'tm', 'SaeballC', 'ggplot2', 'delve', and 'tidy-

verse'. 

Topic analysis 

This topic modelling analysis used the 

Latent Dirichlet Allocation (LDA) 

method. As a hierarchical Bayesian ap-

proach, LDA works by identifying under-

lying thematic topics through analysing 

how words frequently appear together 

within a collection of texts (Previti et al., 

2024). It treats each topic as a statistical 

distribution of words and each text as a 

multinomial distribution of latent topics. 

By examining the patterns in the ob-

served documents and words, the model is 

able to uncover the hidden topic structure, 

which generates a topic breakdown for 

each document and a word distribution for 

each topic (Jelodar et al., 2019). Specifi-

cally, a Gibbs sampling LDA function 

from R’s "topic models" package was 

utilised. The most common words and 

their associated probabilities for each 

topic were then visualised using the "ti-

dytext" library in R. 

Since the optimal number of topics is 

not inherently known, the authors experi-

mented with different numbers (4, 5, 6, 

and 7 topics). The final selection of a 5-

topic architecture was determined by ap-

plying the methodological framework 

proposed by Contiero et al. (2024) regard-

ing the mathematical and empirical trade-

offs in corpus partitioning. To evaluate 

the models through quantitative topic co-

herence indices, the Cv semantic coher-

ence score and the perplexity index were 

systematically calculated across all con-

figurations (Blei, 2003; Röder et al., 

2015). Although mathematical indices are 

foundational, they often lack a definitive 

inflection point, requiring researchers to 

balance statistical metrics with expert do-

main knowledge to avoid two major se-

mantic risks: over-fragmentation ("split-

ting") and over-simplification ("lump-

ing"). On one hand, models with 6 or 7 

topics induced an excessive fragmentation 

of our corpus into numerically trivial sub-

aggregations. Following Contiero et al. 

(2024), when the percentage consistency 

of documents assigned to a single topic 

drops below a critical empirical threshold 

(around 5%), the resulting clusters lose 

practical and scientific meaning, tending 

to isolate mere statistical or generic termi-

nology rather than epidemiological in-

sights. On the other hand, a 4-topic solu-

tion proved to be overly broad, indis-

tinctly merging separate and autonomous 

research lines into a single macro-cate-

gory (lumping). Ultimately, the 5-topic 

model achieved the most stable consensus, 

maximising internal compactness, Jaccard 

class separation (Real & Vargas, 1996), 

and yielding the highest localized Cv co-

herence score without dropping below the 

critical percentage threshold. Each of the 

5 identified topics maintained a robust and 

balanced numerical distribution (compris-

ing between 19% and 21% of the total 

corpus), ensuring a functional, rigorous, 

and contextualised scientific interpreta-

tion. To ensure the rigorous reproducibil-

ity of the text mining pipeline and address 
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the inherently stochastic nature of the 

Gibbs sampling algorithm, the computa-

tional process was locked by setting a 

specific random number generator seed 

(set.seed(...)) within the R environment, 

guaranteeing identical topic and word 

distributions upon independent replica-

tions. Furthermore, alternative modelling 

approaches were actively considered dur-

ing the research design phase – specifi-

cally non-negative matrix factorization 

(NMF) and structural topic modelling 

(STM). However, LDA was selected as 

the primary approach due to its superior 

mathematical performance in handling 

specialised, abstract-driven medical cor-

pora and its optimal alignment with the 

dual-distribution framework required for 

this bibliometric mapping. 

The research group assigned descrip-

tive titles to each of the five agreed-upon 

topics. These topics were then organised 

by priority, based on a calculation of the 

combined probabilities of their top ten 

words. The resulting ranking determined 

the presentation order of the topics. For 

clarity, each topic was displayed using a 

bar chart, where the length of each bar 

reflects the probability of a specific word 

appearing within that topic (as determined 

by its β value). This visual approach facil-

itated naming and clearer identification of 

each topic, aligning with the methodology 

of Nalon et al. (2021). 

RESULTS  

Descriptive statistics 

Of the 1,940 records initially identified 

and downloaded from Scopus, 560 ab-

stracts (28.87%) were retained after satis-

fying all screening and eligibility criteria. 

The primary reason for exclusion was 

duplication, which accounted for 43.45% 

of the total (n=843). Other exclusion rea-

sons included lack of an English abstract 

(4.85%; n=94), unavailable abstract 

(2.47%; n=48), document types other than 

scientific articles or reviews, such as book 

chapters, conference proceedings, editori-

als, and notes (3.04%; n=59), papers 

without journal found (2.01%; n=39) and 

articles without author found (0.67%; 

n=13).  

From the remaining 844 records 

(43.50% of the original pool), an addi-

tional 284 articles (33.65%) were ex-

cluded due to a lack of relevance to the 

topic of interest, comprising records about 

other types of Mycobacterium, that do not 

belong to the MTBC—specifically non-

tuberculous mycobacteria or other veteri-

nary pathogens such as Mycobacterium 

avium subsp. paratuberculosis or those 

focused on different diseases or experi-

mental procedures. 

Of the 560 total records kept, research 

articles constituted the majority with 479 

records (85.54%), while reviews ac-

counted for 81 records (14.46%). 

To address the first researh aim – es-

tablishing a macroscopic baseline of glob-

al scientific production – descriptive sta-

tistics was utilised to map geographic and 

chronological trends. Geographically, 

Europe represented the region with the 

highest scientific output, accounting for 

43.21% of the included papers (43.21%; 

n=242/560) followed by America 

(21.97%; n=123/560), Africa (14.29%; 

n=80/560), Asia (12.86%; n=72/560), 

Oceania (7.68%; n=43/560) (Fig. 2A).In 

terms of country-level distribution, the 

primary contributors to the literature were 

the United States (11.96%, n=67/560), the 

United Kingdom (9.64%, n=54/560), and 

Italy (8.57%, n=48/560) (Fig. 2B). 

Following an initial peak in 2013, the 

annual number of records published 
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demonstrated subsequent increases in 

2020 and 2021 (Fig. 3).  

The articles were published across 180 

different scientific journals. Among those 

with more than ten publications, Trans-

boundary and Emerging Diseases contrib-

uted the highest number of records (n=33; 

5.89%), followed by PLOS One (n=29; 

5.17%) and Preventive Veterinary Medi-

cine (n=28; 5.00%) (Fig. 4). 

The evaluation of the most frequently 

cited documents over the last ten years 

highlighted key research directions in 

livestock regarding bTB management 

                                                                                  

A 

Fig. 2. Global geographical distribution of 560 

selected papers: Continental contribution (A) 

and distribution by country (B). Geographical 

profiling of the systematic review corpus.  

A. Breakdown of percentage contributions by 

continent, showing Europe as the dominant 

contributor (43.21%), followed by America and 

Africa; B. Choropleth map illustrating publi-

cation distribution across individual countries, 

where colour shading represents publication 

volume (ranging from 1 to 67 papers). Key 

major contributors highlighted include the 

United States (11.96%), the United Kingdom 

(9.64%), and Italy (8.57%). 

B  
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(Table 2). The first most cited publication 

in the last ten years – Buddle et al. (2018) 

– examines the use of the Mycobacterium 

bovis bacille Calmette-Guérin (BCG) vac-

cine against TB. The core topic addresses 

the ongoing difficulty in controlling bTB, 

especially where “test and slaughter" poli-

cies are impractical or where wildlife res-

ervoirs of M. bovis are a recurrent source 

of infection. Barasona et al. (2017), the 

 

Fig. 3. Annual publication trend of selected articles (1994-2025). Chronological progression of bo-

vine tuberculosis (bTB) literature over the study period. The trend lines illustrate key historical 

waves in research attention, explicitly showcasing an initial peak in 2013 followed by significant 

increases during the 2020–2021 period. This latter surge aligns with the global and regional transi-

tions to new regulatory frameworks, such as the EU Animal Health Law. 

 

 

Fig. 4. Scientific journals contributing more than 10 articles to the the bTB research corpus. The bar 

chart displays peer-reviewed journals with ≥10 articles indexed in the final dataset, led by Trans-

boundary and Emerging Diseases (5.89%), PLOS One (5.17%), and Preventive Veterinary Medicine 

(5.00%), reflecting the veterinary-agricultural focus of the mapped literature. 
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second most cited paper, identified envi-

ronmental persistence of MTBC in water 

and mud, emphasising the importance of 

indirect transmission routes and specific 

environmental factors in maintaining TB 

within multi-host systems, which can help 

in developing better control strategies. 

The third most cited article – Livingstone 

et al. (2015) – focuses on the remarkable 

success in controlling bTB in New Zea-

land, where prevalence in cattle dropped 

from 11% in 1905 to less than 0.003% by 

2013. The fourth most cited article – 

Hauer et al. (2015) – analysed over 4,600 

M. bovis strains collected in France since 

1978; the study of genetic diversity and 

molecular epidemiology demonstrated 

that local genotypes play a primary role in 

maintaining the infection. 

Text mining 

A total of 1,346 terms were retained from 

the original 560 records after data pre-

processing and sparseness reduction. The 

weighting analysis successfully isolated 

the most significant terms within the cor-

pus based on an empirical threshold of 

term frequency-inverse document fre-

quency (TF-IDF ≥ 5) (Fig. 5). 
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Fig. 5. Histogram showcasing the relative 

importance of extracted terms following text 

mining and pre-processing of the 560 ab-

stracts. Terms are filtered to only display those 

meeting an empirical threshold of term fre-

quency-inverse document frequency (TF-IDF) 

≥5, effectively isolating prominent themes like 

target animal hosts (deer, badger, boar, cattl), 

diagnostic processes (isol, test), and interven-

tion methods (vaccin). 

 

Within this framework, the words pre-

senting the highest contextual weight and 

highest relative frequencies were "vac-

Table 2. Highest-cited documents (2015–2025) on Mycobacterium and tuberculosis in live-

stock/wildlife 

Authors/year/journal Title of the publication Total cita-

tions 

Buddle B.M. et al. (2018);  

Frontiers in Veterinary Science 

Efficacy and safety of BCG vaccine for 

control of tuberculosis in domestic lives-

tock and wildlife 

105 

Barasona J.A. et al. (2017); 

Transboundary and Emerging Dis-

eases 

Environmental presence of Mycobacterium 

tuberculosis complex in aggregation points 

at the wildlife/livestock interface 

  97 

Livingstone P.G. et al. (2015);  

New Zealand Veterinary Journal 

Toward eradication: the effect of Mycobac-

terium bovis infection in wildlife on the 

evolution and future direction of bovine 

tuberculosis management in New Zealand 

  80 

Hauer A. et al. (2015);  

PLoS One 

Genetic evolution of Mycobacterium bovis 

causing tuberculosis in livestock and wild-

life in France since 1978. 

  70 

BCG= Mycobacterium bovis bacille Calmette-Guérin. 
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cin", "deer", "wild", "isol", "test", "bad-

ger", "cattl", "wildlif", "bovi", and "boar" 

(Fig. 6). 
 

 

Fig. 6. TF-IDF word cloud visual representa-

tion of text mining results, utilising the same 

1,346 retained terms from the abstract corpus. 

In this visualisation, the relative font size of 

each word maps directly and proportionally to 

its calculated TF-IDF score. This visually em-

phasises terms with the highest contextual 

weight within the dataset, such as "vaccin", 

"deer", and "wild". 

Topic analysis 

The thematic mathematical partitioning 

optimised through the latent Dirichlet al-

location (LDA) model yielded a balanced 

5-topic architecture spanning the last few 

decades (Table 3). Individual thematic 

structures were ordered by priority ac-

cording to the cumulative probabilities 

(cp) of their top ten characterizsng words, 

with relative word association strengths 

defined by individual β values (Fig. 7). 

The corpus distribution was relatively 

uniform across the identified clusters: 

Topic 2 (“Control strategies by vaccina-

tion”) comprised the largest volume with 

118 documents, closely followed by Topic 

4 (“Diagnosis of bovine mycobacteria in-

fection in livestock”) with 113 documents, 

Topic 1 (“Mycobacterium strains identi-

fied”) with 112 documents, Topic 3 (“TBC 

farming risk in One Health perspective”) 

with 110 documents, and Topic 5 (“TBC 

in suitable wildlife reservoir hosts”) with 

107 documents (Table 3; Fig. 7).  

Chronological evaluation via linear re-

gression over the 1990–2024 period 

demonstrated a sustained positive growth 

trend in publication frequency across all 

five thematic categories, mathematically 

confirming a broad, continuously expand-

ing scientific interest in bovine tuberculo-

sis research (Fig. 8). The dotted line rep-

resents the linear regression fitted to the 

data, and the corresponding equation (y) 

and coefficient of determination (R
2
) 

quantify the temporal growth trend for 

each specific topic. 

DISCUSSION 

This study employed sophisticated text 

mining and topic analysis methods to ad-

dress two primary goals. First, it investi-

Table 3. Topic modelling summary: label, size and initial publication year for the five extracted 

topics. 

 

Topic 

number 

Label of the topic Number of records 

per topic 

First publication 

year 

1 Mycobacterium strains identified 112 1995 

2 Control strategies by vaccination 118 1992 

3 TBC farming risk in One Health perspective 110 1998 

4 Diagnosis of bovine mycobacteria infection 

in livestock  

113 1997 

5 TBC in suitable wildlife reservoir hosts 107 2001 
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gated the global scientific landscape of 

bTB over the past fifty-five years; second, 

it applied these insights to the specific 

context of Sicily. By conducting a com-

prehensive analysis of the scientific litera-

ture, the authors were able to explore the 

intricate details of this research area and 

identify existing knowledge gaps. Speci-

fically, the text mining and topic modeling 

approaches highlighted several critical 

areas lacking scientific consensus: first, 

the highly variable field efficacy of 

current vaccine candidates (such as BCG 

and heat-inactivated formulations) and 

their persistent diagnostic interference 

with the tuberculin skin test (TST); 

second, the complex epidemiological in-

terference of non-tuberculous mycobacte-

ria (NTM) which consistently lead to 

false-positive screening results and con-

found post-mortem validation; and third, 

the under-researched role of secondary 

domestic hosts, such as goats, whose in-

creasing epidemiological relevance chal-

lenges historical views within multi-host 

ecosystems. Furthermore, the lower coef-

ficient of determination for vaccination 

strategies (Topic 2, R
2
=0.2882) reveals 

that preventive literature remains frag-

mented and dependent on periodic regu-

latory shifts rather than steady baseline 

scientific growth. Nevertheless, when in-

terpreting these outcomes, it is appropriate 

to note that the resulting literature map-

ping remains inherently dependent on the 

selected database and specific search 

strategy. Consequently, the adoption of 

alternative search strings or different bio-

medical and agricultural repositories 

could retrieve partially different sets of 

publications, potentially highlighting com-

plementary scientific trends. 

This paper provides a preliminary in-

vestigation, with its global and contextual 

findings serving as a premise for a second 

part that will specifically focus on the 

particularly challenging situation in the 

Sicilian context.  

 

Fig. 7. Structural distribution of the final 5-topic model optimised using the latent Dirichlet alloca-

tion (LDA) Gibbs sampling method. Topics are ordered from 1 to 5 based on their cumulative prob-

abilities across the corpus. Each subplot highlights the top ten most frequent words defining the 

semantic theme, with individual horizontal bar lengths representing the β value, or relative probabil-

ity of a word’s association with that specific latent topic. 
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Based on the descriptive analysis, Ita-

ly’s contribution to the literature is sub-

stantial, accounting for 8.57% of total 

articles. This is likely a consequence of its 

unique and challenging national epidemio-

logical context, particularly in southern 

regions such as Sicily. This can be at-

tributed to persistent disease outbreaks 

and the complex interplay of factors like 

multi-host ecosystems and traditional 

farming practices (Abbate et al., 2020). 

While much of Italy is officially TB-free, 

several provinces, especially in the South, 

are still engaged in active eradication pro-

grammes and face persistent outbreaks. 

The complexity of the disease in these 

areas is often associated with traditional 

farming practices, multi-host ecosystems 

with wildlife reservoirs and transhumance 

(seasonal livestock movement) (Martuc-

ciello et al., 2024). From a historical per-

spective, the structural relevance of wild-

life reservoirs in Italy’s national bTB dy-

namics has long been established. Early 

molecular epidemiology by Serraino et al. 

(1999) provided some of the first direct 

evidence of Mycobacterium bovis trans-

mission between wild boars and cattle in 

Italy, underscoring the long-standing role 

of wild ungulates in the persistence and 

  

  

 

Fig. 8. Annual publication trends and linear 

regression of the five identified bTB research 

topics over a multi-decade timeframe (1990–

2024). Individual panels plot the absolute an-

nual frequency of publications assigned to each 

topic. Dashed lines present the fitted linear re-

gression curves, accompanied by their respective 

linear equations (y) and coefficients of determi-

nation (R2), mathematically verifying a sustained 

increasing scientific interest across all primary 

thematic categories. 
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circulation of the pathogen across domes-

tic-wildlife interfaces. 

A surge in scientific articles on the 

bovine Mycobacterium complex, with 

peaks reached in 2013, 2020, and 2021, 

reflects the increased global concern over 

zoonotic tuberculosis, diagnostic chal-

lenges, and public health implications 

(Rodriguez-Campos et al., 2014). Specifi-

cally, the period from 2020 to 2021 repre-

sented the immediate transition to the new 

and unifying European Union legal frame-

work under the Animal Health Law
1
, 

which was adopted in 2016, and came into 

effect in 2021
2
. This regulatory shift stim-

ulated scientific publications because the 

regulation emphasises preventive measu-

res, disease surveillance, and control, re-

quiring the scientific community to gener-

ate data to support new legal obligations. 

Furthermore, the introduction of this har-

monised framework demanded a closer 

examination of challenging regional epi-

demiological situations, such as in Sicily, 

thereby driving localised research (Abbate 

et al., 2020; Di Marco Lo Presti et al., 

2022; Malta et al., 2024). This persistent 

endemicity in Sicily must be interpreted 

through broader insular epidemiological 

frameworks. As demonstrated by Acevedo 

                                                           
1 European Parliament and Council, 2016. 

Regulation (EU) 2016/429 on transmissible 

animal diseases ('Animal Health Law'). 

Official Journal of the European Union, L84, 

1–208. 
2 European Commission, 2020a. Commission 

Delegated Regulation (EU) 2020/687 as 

regards rules for the prevention and control of 

certain listed diseases. Official Journal of the 

European Union, L174, 64–139; European 

Commission, 2020b. Commission Delegated 

Regulation (EU) 2020/689 as regards rules for 

surveillance, eradication programmes, and 

disease-free status. Official Journal of the 

European Union, L174, 211–340. 

 

et al. (2013), insularity creates a distinct 

ecological complexity where high host 

diversity, restricted geographical bounda-

ries, and dense livestock trade networks 

interact to sustain infection, making multi-

host island systems uniquely resilient to 

conventional control strategies. 

The TA results confirm that the prima-

ry areas of focus in the bTB literature are 

those related to control strategies (particu-

larly vaccination) and diagnostic ad-

vancements. The resulting ranking reflects 

the weight of the words in TM and the 

highest number of papers in TA, confirm-

ing the dominance of these topics. The top 

words with the highest TF-IDF, ranked by 

weight and closed in meaning, consistent-

ly identify deer (including red, fallow, and 

white-tailed species), badgers, wild boars, 

domestic black pigs, and broader wildlife 

communities as significant reservoirs and 

transmission hosts for bTB. The role of 

those species in complicating eradication 

efforts in livestock varies by region (e.g., 

wild boar in Spain, badgers in the UK, 

and deer in North America and parts of 

Europe (Buddle et al., 2018; Boggiatto et 

al., 2023).  

"Vaccin", the first word that appears in 

TM, highlights that vaccination is increas-

ingly being considered as a complemen-

tary or alternative strategy to test-and-

slaughter, especially in regions where 

eradication is difficult or economically 

unfeasible. This structural trend is heavily 

anchored by the highest-cited paper in our 

corpus (Buddle et al., 2018). The Bacillus 

Calmette-Guérin (BCG) vaccine, derived 

from an attenuated strain of M. bovis, is 

the most studied and widely used candi-

date. It induces cell-mediated immunity to 

reduce disease severity and transmission, 

though it does not provide complete pro-

tection (Fromsa et al., 2024; Sterle et al., 

2024; Díaz-Otero et al., 2025). Research 
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includes various vaccine types, such as 

recombinant BCG strains, live attenuated 

M. bovis mutants, subunit, DNA, and vec-

tor-based vaccines, as well as multi-epi-

tope subunit vaccines designed via bioin-

formatics (Benedictus et al., 2020; Abay et 

al., 2023; Faysal et al., 2024). However, 

diagnostic challenges and variable efficacy 

(Table 4) remain key hurdles, highlighting 

the need for integrated approaches.  

The terms "isol" and "test", fourth and 

fifth in order of appearance, are central to 

the diagnosis, surveillance, and control of 

MBTC in cattle, with significant implica-

tions for animal and human health under 

the One Health framework. The primary 

diagnostic tool for bTB is the TST, which 

measures the cell-mediated immune re-

sponse to M. bovis antigens. However, the 

sensitivity and specificity of the TST can 

vary, depending on factors such as expo-

sure to non-tuberculous mycobacteria, 

leading to false positives or negatives 

(Gòmez-Buendìa et al., 2024; Vera-

Salmoral et al., 2024;). Additional tests, 

such as interferon-gamma release assays 

(IGRA), PCR and ELISA, are used to 

improve detection accuracy, especially in 

herds with complex infection dynamics or 

co-infections (Garbaccio et al., 2019; 

Elsayed et al., 2022;). Isolation refers to 

the culture of M. bovis from tissue sam-

ples, which is considered the gold stand-

ard for confirming infection. However, 

isolation rates can be low due to the 

paucibacillary nature of lesions, sample 

decontamination, and growth conditions. 

Isolation is often used in conjunction with 

molecular methods (e.g., PCR and 

spoligotyping) to confirm and characterise 

strains (Ejo et al., 2021; Ortiz et al., 2021; 

Elsayed et al., 2022). Accurate testing and 

isolation of M. bovis in cattle are critical 

for preventing zoonotic transmission to 

humans, especially in regions where raw 

milk or undercooked meat is consumed. 

Molecular and serological tests that work 

across species (e.g., universal ELISA) 

support surveillance in multiple hosts, 

thus aligning with One Health goals (Ortiz 

et al., 2021; Sun et al., 2021). Whole ge-

nome sequencing and molecular epidemi-

ology can link isolates from cattle, dairy 

products, and humans, thereby highlight-

ing the interconnectedness of animal and 

human health, and emphasising the need 

for integrated surveillance and control 

strategies (Sun et al., 2021). Although 

there is a strong correlation between posi-

tive test results (e.g., TST, PCR) and the 

successful isolation of M. bovis, discrep-

ancies do occur. Some animals test posi-

tive but yield negative cultures, often due 

to early infection stages or low bacterial 

loads. Conversely, some culture-positive 

cases may be missed by immunological 

tests if the immune response is weak or 

waning (Ortiz et al., 2021; Elsayed et al., 

2022;). Non-tuberculous mycobacteria 

(NTM) can interfere with both testing and 

isolation, causing false-positive TST re-

sults and complicating post-mortem iden-

tification, which impacts both animal 

health management and public health risk 

assessment (Hernández-Jarguín et al., 

2020). Table 5 provides a comparative 

overview of diagnostic methods and their 

relevance to One Health implementation. 

Relating to the topic of Mycobacte-

rium strains, the main strains (or clonal 

complexes) of M. bovis, such as European 

1 (Eu1) and European 2 (Eu2), as well as 

various regional spoligotypes, play a key 

role in the global epidemiology of bTB 

(Rodriguez et al., 2021; Santos et al., 

2021;Smith et al., 2021). The strategic 

relevance of this research line is validated 

by Hauer et al. (2015), whose large-scale 

molecular analysis of over 4,600 strains in 

France proved that local genotypes play a 
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primary role in maintaining endemic in-

fection. The genetic diversity and global 

distribution of these strains, which reflect 

historical cattle trade patterns and genetic 

adaptations, and underscore the need for 

ongoing surveillance and molecular epi-

demiology. Differences between strains 

affect virulence and host range, with some 

strains being more likely to infect humans, 

posing zoonotic risks (Anjos et al., 2022). 

Molecular typing of strains is essential for 

tracing outbreaks and designing effective 

control and eradication programmes 

(Dippenaar et al., 2017; Rodriguez et al., 

2021). 

TB, particularly zTB caused by M. 

bovis, poses significant risks at the inter-

section of human, animal, and environ-

mental health. The One Health approach 

emphasises the interconnectedness of 

these domains, highlighting the need for 

integrated surveillance, risk mitigation, 

and education to control TB transmission 

in farming communities, where farmers 

exposed to infected cattle are at an in-

creased risk (Martínez-Guijosa et al., 

2021; Maqsood et al., 2024). The eradica-

tion of bTB has seen considerable global 

achievements, yet its complete elimination 

is systematically complicated by the sus-

tained circulation of M. bovis in various 

wild mammal populations (Allena et al., 

2021). This complex interplay of multiple 

host species, which represents the last 

topic of interest in order of numerical 

consistence, makes disease control strate-

gies difficult to predict and implement. 

The global bibliometric baseline high-

lights this via Livingstone et al. (2015), 

who demonstrated that mastering the do-

mestic-wildlife interface was the turning 

point for bTB eradication in New Zea-

land. In regions experiencing endemic  

M. bovis transmission, such as Southern 

Italy (Sicily), the infection is perpetually 

sustained and actively transmitted be-

tween traditional livestock and non-bovine 

species, often facilitated by interactions in 

shared pasturing areas and spatial prox-

imity within natural parks (Di Marco Lo 

Table 5. Comparison of diagnostic methods and their One Health implications. 

Method Purpose 
Key limitations/ 

challenges 

One Health 

relevance 
  Citations 

Tuberculin  

skin test 

Screening/ 

surveillance 

Variable 

sensitivity, NTM 

interference 

Early 

detection 

Elsayed et al. (2022);  

Ramos et al. (2018);  

Hernández-Jarguín et al.  

(2020); Smith et al. (2021).  

Culture 

(Isolation) 

Confirmatory  

diagnosis 

Low yield in 

paucibacillary 

lesions 

Strain typing Elsayed et al. (2022);  

Ramos et al. (2018);  

Ejo et al. (2021);  

Ortiz et al. (2021) 

PCR/ 

molecular  

tests 

Rapid detection/ 

characterisation 

May detect non-

viable DNA, cost 

Cross-species 

use 

Elsayed et al. (2022);  

Ortiz et al. (2021);  

Sun et al. (2021). 

Serological 

tests 

Surveillance/ 

complementary 

May not distin-

guish active vs. 

past infection 

Multi-host 

application 

Garbaccio et al. (2019);  

Sun et al. (2021). 

NTM=Non-tuberculous mycobacteria. 
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Presti et al., 2022). The indirect transmis-

sion routes via environmental aggregation 

points described by Barasona et al. (2017) 

– the second most-cited paper in our data-

set – provide a vital theoretical framework 

for Sicily. This multi-host dynamic is 

deeply anchored in localised domestic-

wildlife reservoirs. Foundational work by 

Di Marco et al. (2012) established the 

crucial epidemiological significance of the 

indigenous Sicilian domestic black pig 

(Sus scrofa) as a potential wildlife reser-

voir in the region. By leveraging molecu-

lar typing tools, their study provided ro-

bust evidence of bidirectional transmis-

sion between cattle and domestic black 

pigs reared under extensive or semi-free-

ranging management systems. This dem-

onstrates that in endemic Mediterranean 

environments, conventional surveillance 

tailored strictly around domestic cattle 

networks is insufficient, as extensive 

multi-host interfaces actively perpetuate 

infection. 

Ultimately, the temporal trend analysis 

confirmed an increasing trend in all main 

topics (Topics 1– 5) over the study period. 

This highlights the continually growing 

scientific and global interest in the com-

plexities of bTB. This sustained progres-

sion is confirmed by the positive slopes in 

the fitted linear regression equations (y) 

and robust coefficients of determination 

(R
2
), most notably highlighted in Topic 1 

(Mycobacterium strains, R
2
=0.6611) and 

Topic 3 (One Health farming risks, 

R
2
=0.5002). These statistical metrics ver-

ify that the expanding volume of literature 

is not random but reflects a targeted, ac-

celerating global research effort. Specifi-

cally, the steep trajectory of Topic 3 re-

flects an shifting paradigm toward inte-

grated "One Health" risk assessment, 

while the steady rise in Topic 1 tracks the 

continuous evolution and adoption of 

high-resolution molecular typing tools. 

Conversely, the lower but positive coeffi-

cient for vaccination strategies (Topic 2, 

R
2
= 0.2882) points to a more fragmented, 

periodic spike in literature that aligns his-

torically with localised field trials and 

regulatory shifts rather than steady base-

line growth. This continuous expansion 

across the entire corpus underscores the 

growing global acknowledgment of bTB’s 

complexity at the domestic-wildlife inter-

face. 

While the review provided valuable 

insights into global priorities, it is essen-

tial to acknowledge the study’s methodo-

logical limitations. The use of predeter-

mined search strings may have omitted 

relevant synonyms, potentially limiting the 

comprehensive scope of the study. Fur-

thermore, the investigation was restricted 

solely to records indexed within the Sco-

pus database, and constrained by specific 

exclusion criteria, including the require-

ment for an English language abstract. 

Despite these limitations, the global trends 

identified herein serve a critical purpose. 

This study is a preliminary and explorato-

ry endeavour, designed to provide a foun-

dational framework. Its core objective was 

to utilise global insights to improve un-

derstanding of the local epidemiology of 

bTB in Sicily from a "One Health" per-

spective. The robust baseline established 

in this first part will directly fuel a second 

part, dedicated to an in-depth, empirical 

and spatial analysis of the specific epide-

miological dataset of the Sicilian context. 

CONCLUSIONS 

This systematic review successfully em-

ployed text mining and topic analysis 

methods techniques to analyse the vast 

body of literature pertaining to the 

MTBC. Analysis of 560 articles con-
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firmed a significant and increasing tem-

poral trend in scientific interest across all 

identified research areas over the study 

period (1970–2025). This surge highlights 

the growing global focus on bTB, particu-

larly with regards to control strategies 

involving vaccination and advancements 

in the diagnosis of bovine mycobacteria 

infection in livestock. Notably, Italy’s 

contribution to the literature highlights its 

unique and challenging national epidemio-

logical context, especially in southern 

regions such as Sicily, characterised by 

persistent outbreaks and complex multi-

host ecosystems. 
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