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Abstract

:

The objective of this study was the presentation of quantitative characteristics regarding the scientific content and bibliometric details of the relevant publications. In total, 156 papers were considered. Most papers presented original studies (n = 135), and fewer were reviews (n = 21). Most original articles (n = 101) referred to work involving cattle. Most original articles described work related to the diagnosis (n = 72) or pathogenesis (n = 62) of mastitis. Most original articles included field work (n = 75), whilst fewer included experimental (n = 31) or laboratory (n = 30) work. The tissue assessed most frequently in the studies was milk (n = 59). Milk was assessed more frequently in studies on the diagnosis (61.1% of relevant studies) or pathogenesis (30.6%) of the infection, but mammary tissue was assessed more frequently in studies on the treatment (31.0%). In total, 47 pathogens were included in the studies described; most were Gram-positive bacteria (n = 34). The three bacteria most frequently included in the studies were Staphylococcus aureus (n = 55 articles), Escherichia coli (n = 31) and Streptococcus uberis (n = 19). The proteomics technology employed more often in the respective studies was liquid chromatography-tandem mass spectrometry (LC-MS/MS), either on its own (n = 56) or in combination with other technologies (n = 40). The median year of publication of articles involving bioinformatics or LC-MS/MS and bioinformatics was the most recent: 2022. The 156 papers were published in 78 different journals, most frequently in the Journal of Proteomics (n = 16 papers) and the Journal of Dairy Science (n = 12). The median number of cited references in the papers was 48. In the papers, there were 1143 co-authors (mean: 7.3 ± 0.3 co-authors per paper, median: 7, min.–max.: 1–19) and 742 individual authors. Among them, 15 authors had published at least seven papers (max.: 10). Further, there were 218 individual authors who were the first or last authors in the papers. Most papers were submitted for open access (n = 79). The median number of citations received by the 156 papers was 12 (min.–max.: 0–339), and the median yearly number of citations was 2.0 (min.–max.: 0.0–29.5). The h-index of the papers was 33, and the m-index was 2. The increased number of cited references in papers and international collaboration in the respective study were the variables associated with most citations to published papers. This is the first ever scientometrics evaluation of proteomics studies, the results of which highlighted the characteristics of published papers on mastitis and proteomics. The use of proteomics in mastitis research has focused on the elucidation of pathogenesis and diagnosis of the infection; LC-MS/MS has been established as the most frequently used proteomics technology, although the use of bioinformatics has also emerged recently as a useful tool.
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1. Introduction


Mastitis is the inflammation of the mammary gland, caused by the invasion of bacteria into the mammary parenchyma. The infection is characterized by increased cell content in the mammary parenchyma and milk, coupled with bacterial shedding in milk. Clinical features include systemic signs (e.g., fever) and mammary signs. The latter refer to the enlargement of the affected mammary gland, which becomes hot and painful, skin discoloration, hardness of the gland or the development of nodules therein; further, prominent changes also occur in the mammary secretion, which becomes clotted, serous or hemorrhagic. The infection reduces the welfare of affected animals. Moreover, in dairy animals, the infection has paramount financial importance, as its primary consequences relate to reduced milk production and the downgrading of milk quality. Further, mastitis is significant within the One Health context [1,2], first because the infection adversely influences the health and welfare of affected animals and second because there is also a potential for human transmission of the bacteria that are shed in the milk of affected animals; more important, however, is the possibility for the transfer of antibiotic resistance genes through the milk produced for human consumption [1,2,3].



The objective of proteomics work is the identification of proteins of interest within a sample and the recognition and quantification of changes in protein expression as the result of pathological conditions. Several technological approaches can be employed in order to achieve these, and they may depend upon the type of sample and the equipment available. Proteomics can be applied as bottom-up or top-down approaches [4,5]. In the bottom-up methodologies of protein identification, the basic process is that the protein mixture is digested into a peptide mixture with or without separation and subsequently introduced into the mass spectrometer for identification. In the top-down approaches, intact proteins are first separated from complex biological samples and then ionized directly by electrospray ionization (ESI) or matrix-assisted laser desorption/ionization (MALDI) technology. In both approaches, proteins or complex protein mixtures can be separated by gel-dependent (e.g., two-dimensional gel electrophoresis (2-DE)) or gel-independent (e.g., liquid chromatography (LC)) techniques prior to the introduction into the mass spectrometer for identification.



Scientometrics refers to the study of measuring and analyzing scientific literature. It reveals new data by employing information from previously published papers and aims to produce a quantitative evaluation of the initial research papers under study.



There have been very few studies on veterinary scientometrics internationally. An investigation on the Web of Science platform by using the search terms [‘scientometrics’ AND (‘veterinary’ OR ‘animal’)] revealed only 17 published papers by the end of 2023. Among these, Gupta et al. [6] studied the international research output on camels (3089 articles from 2003 to 2012), Gonzalez and Salgado-Arroyo [7] studied the research output related to veterinary work in Colombia (3000 articles from 2010 to 2019), Vaziri et al. [8] discussed the papers dealing with poultry during the 100 years up to 2022 (22,451 articles), Lianou and Fthenakis [9] analyzed papers on sheep and goats from Greece (1080 articles up to 2022), and Ding et al. [10] performed a scientometrics study of meta-analysis in the agricultural sciences (2226 articles from 1992 to 2021).



The present study is a scientometrics evaluation of published papers on proteomics as employed in mastitis research. The objective of the study was the presentation of quantitative characteristics regarding the scientific content and bibliometric details of the relevant publications.




2. Materials and Methods


2.1. Search Procedure


The Web of Science platform (www.webofknowledge.com; Clarivate Analytics, London, UK) was used for the search of relevant publications. For the search, we used the Web of Science Core Collection, in a search that spanned across multiple disciplines; the platform includes the Emerging Sources Citation Index, the Science Citation Index Expanded, the Arts and Humanities Citation Index, the Social Sciences Citation Index, the Book Citation Index and the Conference Proceedings Citation Index.



A topic search using the following terms was carried out: [[mastitis OR *mammary infection*] AND proteom*]; in this string, the asterisk served as a truncation symbol to include variations of the terms (e.g., proteome or proteomics). A topic search retrieved records that included the query terms in the title, keywords or abstract. The search was performed on 3 February 2024 (‘freeze date’). Only records published up to the 31 December 2023 were included in the study.



The initial search produced 229 records. Thereafter, document analysis of these records was performed, during which only the following types of documents were included: ‘article’ and ‘review article’. Thus, 220 papers were retained for further assessment individually.




2.2. Paper Evaluation


During the evaluation of the above papers, those not including work related to mastitis or proteomics were excluded from further evaluation. Finally, 156 papers remained and were included in the scientometrics evaluation. In each paper, the following details were recorded:




	
Year of publication of paper.



	
Country and scientific establishment (university or other institution) of origin of the paper (the country(ies) and the establishment(s) only of the first/last authors were taken into account). If multiple authors were listed as first or last authors in the papers, they were all considered.



	
Type of paper: (i) original article or (ii) review. For original articles, the following details were further recorded:




	▪

	
Mammalian species involved in the study described.




	▪

	
Mastitis aspect(s) described therein: (i) aetiology, (ii) pathogenesis, (iii) diagnosis, (iv) treatment.




	▪

	
Type of study described therein: (i) experimental work (i.e., challenge-associated), (ii) field work or (iii) laboratory work.




	▪

	
Material assessed by means of the proteomics technologies employed in the study described; this included (i) blood, (ii) mammary tissue(s), (iii) milk, (iv) milk fat globule, (v) saliva or (vi) pathogen(s).




	▪

	
Methodological approaches for proteomics analyses employed in the study described.




	▪

	
Use of additional -omics technologies in the study described.









	
Journal in which paper was published.



	
Number of literature references included in the relevant list.



	
Number and names of all co-authors in paper.



	
Total number of citations received by the paper until the end of 2023.



	
Accessibility of paper, i.e., whether there was open or subscription-only access to the paper.









2.3. Data Management and Analysis


The number of papers published on [mastitis OR *mammary infection*] only and [proteom*] only was also assessed by using the same procedure, in order to compare with the number of papers published on the topic of the current study.



For assessment of the impact of papers published, the following bibliometrics measures were employed: total number of citations received, h-index and m-index. The number of citations received by papers was normalized for the year of publication by calculating the average citations per year after publication of each paper.



All data were entered into Microsoft Excel and analyzed using SPSS v. 21 (IBM Analytics, Armonk, NY, USA). Descriptive analysis was performed initially. The frequency of the various outcomes was evaluated in tables of cross-categorized frequency data by use of Pearson chi-square test or Fisher exact test, as appropriate. Comparisons of proportions were performed by a two-proportion z-test. Comparisons between continuous data were performed by use of Mann–Whitney test or Kruskall–Wallis test. Linear regression analysis was used to establish associations with the year of publication of each paper. Spearman rank correlation analysis was performed as indicated, and significance of the result was evaluated according to the critical values for r. Associations of proteomics methodological approaches employed in the studies were assessed by principal component analysis.



The outcome ‘yearly citations received by a published paper’ was considered. A multivariable model was developed for the above outcome, and parameters found with p < 0.20 in the preceding univariable analyses were offered to this model (n = 8). Progressively, variables were removed from the model by using backward elimination. The likelihood ratio test was performed to assess the p-value of each parameter; among those found with p > 0.2, the one with the largest p was removed from the model. The procedure was repeated until no variable with p > 0.2 could be removed from the model. The variables included in the final multivariable models constructed are detailed in Table S1.



Statistical significance was defined at p < 0.05.





3. Results


3.1. Year of Publication of Papers


The first relevant paper was published in 2004. Overall, there was a significant progressive increase in the number of articles published annually up to 2023 (slope ± standard error of the slope: 0.65 ± 0.12; p < 0.0001) (Figure 1). There was also an increase in the proportion of articles published annually compared to all articles on mastitis (p < 0.0001) and to all articles on proteomics (p = 0.044) (Table S2, Figure S1).




3.2. Origin of Papers


The 156 published papers originated from a total of 33 countries (Table S2); 17 (10.8%) papers originated from two different countries. The median number of published papers per country was 2 (interquartile range: 5). Of the 33 countries, 15 (45.5%) were European Union members.



There were 12 countries, from which at least five published papers originated. Among these, there was a significant difference in the median year of publication of papers; Denmark had the oldest median year of publication, whilst Brazil and Spain had the most recent median year of publication of relevant papers: 2011 (2) vs. 2020 (3) (p < 0.0001) (Figure 2).



Within these 12 countries, papers originated from a total of 69 scientific establishments (Table S3). Most of these (n = 49, 71.0%) were universities, with fewer ones (n = 20, 29.0%) being research institutes, national agencies or commercial entities (p < 0.0002). Among these, the median number of published papers per scientific establishment was 1 (3). There was some tendency for significance in the median number of papers published between universities and other types of scientific establishments: 1 (2) vs. 2 (5) (p = 0.08). The number of scientific establishments, from which relevant papers originated, varied from 1 (Croatia, Denmark) to 17 (China) per country (Figure 3). There was a significant correlation between the number of scientific establishments in a country and the number of papers that originated from that country (rsp = 0.88, p = 0.0002).




3.3. Content of Papers


Of the 156 published papers, most (n = 135, 86.6%) were original articles, and the remaining (n = 21, 13.4%) were reviews.



3.3.1. Mammalian Species


Among the 135 original articles, most (n = 101, 74.8%) referred to work involving cattle; work involving another eight mammalian species was also described in the articles (Figure 4, Table S4).



There were differences among the above 12 countries in the number of papers published with regard to work in various mammalian species. Most articles that originated from France, Greece and Italy described work involving sheep, whilst articles from the other countries focused on work involving cattle (p = 0.0001) (Figure 5, Table S5, Figure S2).




3.3.2. Mastitis Aspect and Type of Work


Most original articles described work related to the diagnosis (n = 72; 53.3%) or pathogenesis (n = 62; 45.9%) of mastitis. Fewer articles described work on the treatment (n = 29; 21.5%) or aetiology (n = 7; 5.2%) of the infection (Figure 6).



Most original articles included field work (n = 75; 55.6%); fewer articles included experimental (i.e., challenge-associated) (n = 31; 23.0%) or laboratory (n = 30; 22.2%) work. There was a difference in the mammalian species involved in the type of such studies: the involvement of mice, rats and sheep was associated mainly with experimental work, whilst the involvement of buffaloes, cattle, camels, goats, humans and yaks was associated mainly with field work (p = 0.028) (Figure S3, Table S6); it is noted that one article presented natural infection in humans followed by experimental work in mice.



There was no significant difference in the median year of publication between articles presenting experimental (2015 (7.5)), field (2018 (9)) or laboratory-based (2017.5 (6)) work (p = 0.36) (Figure S4). However, there was a clear difference in the slope of the year of publication of original articles that described experimental (0.09 ± 0.05) or field (0.32 ± 0.06) work (p = 0.004) (Figure 7).



There was also a significant difference between articles that originated from different countries regarding the mastitis aspect studied therein (p = 0.0003) (Figure 8, Table S7). For the diagnosis, pathogenesis and treatment of mastitis, most articles originated from China; specifically for treatment, articles from China accounted for 53.1% of all relevant papers.




3.3.3. Material Assessed


The tissue assessed most frequently in the studies was the milk (n = 59, 43.7%); another three tissues, blood (n = 17), mammary tissue (n = 24) and saliva (n = 1), as well as milk fat globule (n = 4), were also assessed. Pathogens were assessed in studies described in 39 articles (28.9%) (Figure S5).



There was a significant difference in the material assessed, in accord with the mastitis aspect studied: milk was assessed more frequently in studies on diagnosis (61.1% of relevant studies) or pathogenesis (30.6% of relevant studies) of the infection, but mammary tissue was assessed more frequently in studies on treatment (31.0%), whilst pathogens were assessed mainly in studies on the aetiology (85.7%) of mastitis (p = 0.0003) (Figure 9, Table S8). Further, a significant difference was seen in the median year of publication between articles, in accord with the material assessed (p = 0.014) (Figure 10).



In total, 47 pathogens (associated with mammary infection) were included in the studies described in the original article (Table S9). Most of these were Gram-positive bacteria (n = 34, 72.3%). Gram-negative bacteria (n = 8, 17.0%), algae (n = 2, 4.3%), fungi (n = 2, 4.3%) and protozoa (n = 1, 2.1%) were also included. The three bacteria most frequently included in the studies were Staphylococcus aureus (n = 55 articles), Escherichia coli (n = 31) and Streptococcus uberis (n = 19). No significant differences were found in the number of original articles that described studies in each of these three bacteria, with regard to the mammalian species (p = 0.77), mastitis aspect (p = 0.28), type of work (p = 0.69) and material assessed (p = 0.36) (Table S10).




3.3.4. Proteomics Methodological Approaches


The proteomics methodological approaches employed in the various studies described in the original articles were clustered as detailed in Table 1. The proteomics technology employed more often in the respective studies was liquid chromatography-tandem mass spectrometry (LC-MS/MS), either on its own (n = 56 papers) or in combination with other technologies (n = 40 papers). A significant difference was seen in the median year of publication between articles, in accord with the proteomics methodological approach employed; the median year of publication of articles involving bioinformatics or LC-MS/MS with bioinformatics was the most recent, 2022 (interquartile ranges: 0 and 2, respectively), whilst the median year of publication of articles with two-dimensional difference gel electrophoresis (2D-DIGE), matrix-assisted laser desorption/ionization coupled to time-of-flight mass spectrometry (MALDI-TOF MS) and polyacrylamide gel electrophoresis followed by liquid chromatography-tandem mass spectrometry (GeLC-MS/MS) was the oldest: 2011 (3) (p < 0.0001).



There was also a significant difference in the proteomics methodological approach employed, in accord with the material assessed in each study (p = 0.020) (Figure 11, Table S11).



Pairwise correlation analysis indicated a significant correlation between the proteomics methodological approach, mammalian species, mastitis aspect and year of publication (rsp > 0.14, p < 0.046) (Table S12). Principal component analysis for the proteomics methodological approach, mammalian species, mastitis aspect, material assessed and year of publication revealed that the two principal components accounted for 55.5% of the variation (Figure 12, Table S13, Figures S6 and S7).



A total of 132 combinations of proteomics methodological approaches, mammalian species, the mastitis aspect and the year of publication were found in the original articles (Table S14). The most frequent combination referred to the use of 2-DE and MALDI-TOF MS for the diagnosis of mastitis in sheep and was found in six papers published in 2019.




3.3.5. Additional -Omics Technologies Described in Papers


In 25 original articles (18.5%), the study involved the use of additional -omics technologies. These referred to genomics (n = 15, 60.0%), transcriptomics (n = 7, 28.0%), peptidomics (n = 4, 16.0%), metabolomics (n = 2, 8.0%) and metagenomics (n = 1, 4.0%). Additional -omics techniques were employed more frequently in original articles, in which the material assessed was pathogens (n = 13, 52.0%) (p = 0.037) (Table S15).





3.4. Journals in Which Papers Were Published


The 156 papers were published in 78 different journals in total. The median number of papers published per journal was 1 (1) (Table S16). The journals (n = 8) in which at least five articles were published, were Journal of Proteomics (n = 16 papers), Journal of Dairy Science (n = 12), Journal of Proteome Research (n = 8), International Journal of Molecular Sciences and Veterinary Microbiology (n = 6 each) and Animals, Data in Brief and Veterinary Research (n = 5 each). In total, 63 papers (40.3%) were published in these eight journals.



Cumulatively, 58 of these 63 papers (92.1%) originated from the 12 countries with most papers published. There were, however, differences among these countries in the journals, in which papers were published (p = 0.037) (Figure 13, Table S17).



Both original and review articles have been published in the following six journals: Animals, International Journal of Molecular Sciences, Journal of Dairy Science, Journal of Proteomics, Pathogens and Veterinary Microbiology.



The Web of Science sub-categories in which journals with published papers were classified, are in Table S18. The three sub-categories of journals, in which most papers were published, were Veterinary Sciences (n = 33), Biochemical Research Methods (n = 32) and Agriculture, Dairy and Animal Science (n = 25).



The median number of cited references in the papers was 48 (interquartile range: 34). Reviews included a significantly higher number of cited references than original articles: 115 (76) vs. 44 (25) (p < 0.0001) (Figure 14). There was no correlation between the year of publication of the paper and the number of cited references therein (rsp = 0.042, p = 0.61).




3.5. Authors of Papers


Cumulatively, in the 156 papers, there were 1143 co-authors, i.e., on average 7.3 ± 0.3 co-authors per paper (median: 7 (4), min.–max.: 1–19). There were in total 742 individual authors of the papers. Among them, 15 authors had published at least seven papers (max.: 10).



Further, there were 218 individual authors who were first or last authors in the papers. Among these, 11 authors were first or last in at least four papers each (max.: 9).



The 15 authors with at least seven papers, were first or last authors in 45.6% ± 9.8% of their papers (min.: 0.0%, max.: 100.0%).



The 11 authors with at least four papers as first or last, were affiliated with scientific establishments in the 12 countries from which originated most published papers. However, it seemed there was a limited collaboration between these 11 authors. Among them, only three pairs of authors, affiliated with the same establishment in each of three different countries, were identified with joint papers (Figure S8). It is also noted that among these 11 authors, only one was among the 50 authors with the most published papers on mastitis.



There were differences between these 12 countries in the median number of authors per published paper. Papers from the United States of America had the smaller median number of authors, 4 (4.3) per paper, whilst papers from Croatia had the higher: 12 (4) (p = 0.0009 between countries) (Table S19).



The average number of co-authors per published paper increased slightly throughout the years (slope: 0.167 ± 0.08) (p = 0.06) (Figure 15). In four papers (2.6%), there was only one author. Finally, the median number of authors in original papers was higher than in reviews: 8 (10) vs. 3 (5), respectively (p < 0.0001).




3.6. Accessibility of Papers


Among the 156 published papers, almost equal numbers were submitted for open-access publication or subscription-only access: 79 (50.6%) vs. 77 (49.4%). However, the median year of publication of the former papers was significantly more recent than that of the latter ones: 2019 (6) vs. 2014 (8) (p < 0.0001); indeed, the proportion of the latter papers progressively decreased (Figure 16).



The proportion of papers submitted for open-access publication was highest among papers from Croatia (80.0%) and lowest among papers from the United States of America (30.0%) (p = 0.47 between countries).




3.7. Impact of Papers


The median number of citations received by the 156 papers was 12 (interquartile range: 25) (min.–max.: 0–339), and the median yearly number of citations was 2.0 (2.6) (min.–max.: 0.0–29.5). The h-index of the papers was 33, and the m-index was 2.



There was no difference in the number of yearly citations received by papers published under open- or subscription-only access, 2.0 (2.3) vs. 2.4 (3.2) (p = 0.21), whilst there was a tendency for correlation between the yearly number of citations and the number of authors (rsp = 0.153, p = 0.06). Overall, there was a clear correlation between the yearly number of citations and the number of cited references (rsp = 0.386, p < 0.0001); this was found for original articles (rsp = 0.352, p < 0.0001) but not for reviews (rsp = 0.197, p = 0.39). This latter type of paper received a higher number of yearly citations than original articles: 2.9 (2.4) vs. 2.0 (2.4) (p = 0.020) (Figure 17).



With regard to the country of origin of the papers, those that originated from two different countries (i.e., with an international collaboration) had received more yearly citations than those from a single country: 2.8 (5.1) vs. 2.0 (2.3) (p = 0.044). There were also differences between the published papers in the number of yearly citations according to their country of origin (p = 0.06) (Table S20). Finally, with regard to the content of the paper, there was no significant association for the yearly number of citations with any of the variables evaluated (p ≥ 0.08 for all comparisons) (Table S21).



During the multivariable analysis, a significant association of yearly citations was found with the number of cited references (p < 0.0001), whilst a tendency was also seen for papers with international collaboration (p = 0.06) (Table 2, Figure 18).





4. Discussion


4.1. Year of Publication


Proteomics technologies have evolved during the last 20 years. Proteomics capitalized on the completion of major genomics projects around the beginning of the century and the development of mass spectrometry and computational tools. The technologies have been applied initially for the study of various human diseases; subsequently, their use has been extended to evaluating samples of veterinary importance.



In relation to the study of mastitis, initially, proteomics technologies have been implemented primarily in the United States of America [12,13,14,15] and also in the United Kingdom [16]. These were followed by groups in Italy [17] and New Zealand [18]. Those studies focused on using proteomics technologies to deepen research on mastitis pathogenesis in cattle.



Progressively, as proteomics trends evolved globally, the potential use of the technologies for the diagnosis of the infection has developed, through work for the discovery of potential biomarkers [19,20,21]. Moreover, work has been extended to include dairy small ruminants, sheep [22] and goats [23].



Thereafter, the use of the technologies has steadily increased. It is notable that a Cost Action on ‘Farm animal proteomics’ was implemented in the European Union from 2010 to 2014 (reference FA 1002). This furthered involvement of researchers in the broad field of work and increased the number of relevant publications. As part of this action, a special issue was also published in the Journal of Proteomics [24].



All these are aligned with the increase in the number of relevant published papers that was seen during the 2010s. Nevertheless, the results indicated that the number of published papers in recent years appeared to have stabilized, rather than increasing further, especially in comparison to the increase in papers published on mastitis alone or proteomics alone. This can reflect possibly a diversion of research resources to other priorities subsequently to the COVID-19 pandemic in the early 2020s [25], but it may also be the result of reaching the potential limits of use of the technology in mastitis research, as a consequence of data saturation in the topic [26].




4.2. Countries of Origin


It is evident, based on the research output, that relevant work has originated from three major parts of the world: China, the European Union and the United States of America.



During recent years, research and development in China have surged, and the allocation of state-derived funding has increased [27,28]. This can be seen in the increase in research output from Chinese scientific establishments [29], which is aligned with the evidence from the present assessment. The focus on the treatment of mastitis observed among articles that originated from China can reflect the increasing pharmaceutical work carried out in this country, the investments made in that sector and the new legal framework for drug licensing established in this country [30].



With regard to the European Union countries, the Cost Action mentioned above has contributed to increased involvement in applying proteomics in mastitis work. That action involved a large number of memberstates, which has been reflected in the publication of relevant papers from 15 countries of the Union. It is interesting that relevant studies from France, Greece and Italy have prioritized research on sheep rather than cattle as did other countries of the world; this reflects the importance of oviculture as a sector of animal production in these countries.



The United States of America is the origin of most published papers on mastitis (21.6%) and proteomics (32.7%) and hence also has a large number of research papers on the combined topics. In this country, the technological background available for research [31] coupled with the significance of the dairy sector (accounting for 3.5% of the total GDP [32]) have contributed to applying the technologies for improving dairy production.



All the above are also reflected in the higher number of scientific establishments from which relevant papers originated, in the above three parts of the world.




4.3. Mastitis Content


Most original articles presented work performed on cattle. Milk is a valuable agricultural commodity globally; it is among the top five agricultural commodities worldwide. Cow milk accounts for 80% to 85% of global milk production [33], and hence most relevant studies were performed on cattle.



Protein interactions and the discovery of molecular pathways through the course of a disease are key principles of proteomics [34]. In this regard, the discovery of potential biomarkers for the early diagnosis of diseases is part of the main objectives of the technologies [34]. Moreover, some articles studied more than one mastitis aspect. In contrast, the small number of articles on the aetiology of the infection reflects that proteomics is not widely used for pathogen identification; articles on proteomics and mastitis aetiology referred to the use of proteomics technologies (MALDI biotyping) for the identification of pathogens [35,36,37].



The progressive decrease in experimental studies is likely the consequence of concerns over animal welfare and more strict legislation on animal use in research, as well as possibly the increased costs associated with challenge studies (e.g., expenses for infrastructure, for animals and animal maintenance, etc.) [38]. Experimental studies were performed more often in sheep than other animal species, which may be the result of the specific research interests of the various groups working on the topic; nevertheless, it is noted also that sheep can be valuable as models for some aspects of cattle mastitis research [39,40], given the significant differences in maintenance costs between the two animal species, due to the easier management and handling of sheep compared to cattle.



Initially, the samples used in the studies were blood and milk, i.e., tissues easily collected by means of no invasive techniques, processed by technologies available in the 2000s and 2010s and useful for biomarker discovery. The collection of mammary tissue is tedious, and its processing by proteomics technologies poses difficulties [41,42]. The interest in furthering pathogenesis studies required the analysis of mammary tissue samples, which kept pace with the evolution of relevant technologies and the development of LC-MS/MS; this is in line with the observation of more recent relevant publications and the increased use of this technology for assessing mammary tissue.




4.4. Proteomics Methodologies


Various methodologies for studying proteomes have emerged and continue to evolve rapidly. Mass spectrometry is the most frequently and widely employed technology in proteomics work for protein identification. Various technical advancements (e.g., improved capillaries, higher flow rate, more robust columns, better reproducibility) that have occurred throughout the years, have allowed improved processing of samples and materials under assessment [43]. Nevertheless, the preparation and deposition of samples into the mass spectrometer target for evaluation, as it is applied in MALDI MS, and the interference from matrix ions are considered limitations [44].



Material assessed in earlier studies included blood and milk (as shown by the year of publication of relevant studies). However, in more recently published papers, the assessment of mammary tissue has increased. Possibly, the technical advancements in using LC-MS/MS in recent years have contributed to the increasing assessment of mammary tissue, which could provide more in-depth information than those obtained by assessing other material. The use of mammary tissue would likely contribute better to the elucidation of the pathogenesis of the infection.



The findings also indicate that the combination of two-dimensional gel electrophoresis and MALDI-TOF/MS is still employed in relevant studies. The approach can be used for the proteoform separation and identification approach [45]. Proteoforms (or ‘protein species’) refer to the different forms of proteins produced from the genome with a variety of sequence variations, splice isoforms and many post-translational modifications and are important in various biological systems [40,45]. Moreover, with this approach, one can achieve a semi-quantification of proteins on the gels [46]. In general, gel-based methods and techniques employed in earlier studies have some shortcomings; hence, in order to identify the dynamic range and quantitative accuracy of the results, gel-free and more sensitive high-throughput quantitative proteomics methods have been applied in mastitis research [47].



The field of bioinformatics has emerged and developed revolving around proteomics inquiries. Bioinformatics encompasses the entirety of biological information, which refers to the acquisition, processing, storage, dissemination, analysis, and interpretation of large sets of biological data. By combining biological and computational tools, it can become possible to elucidate and understand the biological importance within such large sets [48]. The use of bioinformatics in proteomics studies aligns with the variety of strategies and methodologies employed in proteomics research, for example, the processing of data derived from mass spectrometry, given that a mass spectrometer can generate millions of spectra within a relatively short period [49]. For the analysis of such large datasets, the availability of efficient and user-friendly computational tools is paramount [49,50,51]. This development of bioinformatics has resulted in its increased use in proteomics work, as shown in the recent published papers.



The use of additional -omics technologies (most frequently genomics) in papers that studied pathogens associated with mastitis possibly indicates a multi-omics approach, rather than a proteomics-focused study. For example, some of these papers studied pathogen secretome; this includes a number of bacteria-released factors with a variety of roles (e.g., virulence factors) [52], thus playing a role in the pathogenesis of the infection.




4.5. Bibliometric Details


Many papers were published in journals with a specific approach to proteomics work (e.g., Journal of Proteomics, Journal of Proteome Research, Proteomics) or journals with a thematic approach to animal studies (e.g., Journal of Dairy Science, Animals, Animal) or journals focusing on animal infections (e.g., Veterinary Microbiology, Veterinary Research, Frontiers in Microbiology). In contrast, few papers were published in multidisciplinary journals (e.g., PLoS ONE, Scientific Reports, PeerJ), although the topic was clearly of multidisciplinary interest. This indicates the increased significance of thematic journals and the preference of research workers to publish in them; this indicates that researchers prefer to present their research output to a specialized audience with a focused interest in the same topic and the ability to comprehend it.



Interest in using proteomics in veterinary research and clinical work has been growing, but veterinarians are still not fully familiar with the possibilities of the technology. It seems that specific research groups active in mastitis research have teamed up with groups active in proteomics work and have set up lasting collaborations. This may explain the small increase through the years in the number of authors among the published papers, although there is a global trend for increasing the number of co-authors in published papers, across all scientific disciplines [53]. The opportunities for international collaboration across the European Union countries, possibly as the result of the Cost Action mentioned above, may also have accounted for the higher number of authors per published papers shown in papers of origin from European countries.



The increasing proportion of papers published under open access aligns with the current trends for the publicity of scientific results, especially of findings derived from studies carried out with public grants [54]. The increasing proportion of open-access publications seen is in line with the general evidence available internationally regarding the expansion of open-access publishing [55]. Open-access publishing promotes scientific communication and dissemination of scientific knowledge; it is the means by which research findings become available free of charge to the scientific community and the wider public [56].



The finding for more citations of the papers with longer lists of cited references aligns with previous findings, which relate to papers across the board of scientific disciplines [57,58,59,60,61]. One may suggest that a large number of references in a published paper is the result of such a paper dealing with a variety of issues and presenting a diversity of ideas, which makes it more easily citable, as it includes more information. Moreover, such papers may be more easily retrieved in online searches on document platforms [61]. International collaborations (which were also found to be associated with a higher number of citations) can allow additional visibility of published papers, as well as the use of more complex methodologies that lead to producing results of wider interest.





5. Conclusions


In conclusion, this is the first-ever scientometrics evaluation of proteomics studies. The results highlighted the characteristics of the papers assessed in the study. The use of proteomics in mastitis research has focused on the elucidation of pathogenesis and diagnosis of the infection. LC-MS/MS has been established as the most frequently used proteomics technology, although the use of bioinformatics has also emerged recently as a useful tool. Despite the multidisciplinary content of the papers, these have appeared mainly in topical scientific journals. The increased number of cited references in papers and international collaboration in the respective study were the variables associated with most citations to published papers.








Supplementary Materials


The following supporting information can be downloaded at https://www.mdpi.com/article/10.3390/pathogens13040324/s1, Table S1: Details of multivariable model employed for evaluation of predictors for yearly citations of papers on mastitis and proteomics; Table S2: Number of papers on mastitis and proteomics published annually from 1971 to 2023; Figure S1: Proportion of published papers on mastitis and proteomics shown as proportion of all papers on mastitis or proteomics; Table S3: Number of published papers on mastitis and proteomics, in accord with country of origin; Table S4: Scientific establishments in the 12 countries with most (≥5) published papers on mastitis and proteomics and respective number of papers from these; Table S5: Number of published papers on mastitis and proteomics, in accord with mammalian species involved in respective studies; Table S6: Number of original articles on mastitis and proteomics, in accord with country of origin and animal species involved in respective studies; Figure S2: Number of original articles on mastitis and proteomics in accord with country of origin and animal species involved in respective studies; Figure S3: Number of original articles on mastitis and proteomics in accord with mammalian species involved in the study and type of work performed in respective studies; Table S7: Number of original articles on mastitis and proteomics by type of work referred to therein (experimental work or field work) and in accord with mammalian species involved in respective studies; Figure S4: Box and whisker plot for year of publication of original articles on mastitis and proteomics by type of work in respective studies: experimental work, field work or laboratory-based work; Figure S5: Number of original articles on mastitis and proteomics, in accord with material assessed in respective studies; Table S8: Number of original articles on mastitis and proteomics, in accord with country of origin and mastitis aspect in respective studies; Table S9: Number of original articles on mastitis and proteomics, in accord with material assessed and mastitis aspect in respective studies; Table S10: Pathogens included in studies on mastitis and proteomics and number of original articles describing their evaluation in respective studies; Table S11: Number of original articles on mastitis associated with Escherichia coli or Staphylococcus aureus or Streptococcus uberis and proteomics, in accord with study details; Table S12: Number of original articles with various proteomics methodological approaches, in accord with material assessed in respective studies; Table S13: Results of pairwise correlation analysis (rsp) for proteomics methodological approach, mammalian species, mastitis aspect, material assessed and year of publication described in original articles on mastitis and proteomics; Table S14: Eigenvalues for principal component analysis for proteomics approach, mammalian species, mastitis aspect, material assessed and year of publication described in original articles on mastitis and proteomics; Figure S6: Screeplot of results of principal components analysis for proteomics methodological approach, mammalian species, mastitis aspect, material assessed and year of publication in original articles on mastitis and proteomics; Figure S7: Ternary plot of results of principal components analysis for proteomics approach, mammalian species, mastitis aspect, material assessed and year of publication described in papers on mastitis and proteomics; Table S15: Heat plot of combinations of proteomics methodological approach, mammalian species, mastitis aspect and year of publication described in original articles on mastitis and proteomics; Table S16: Original articles on mastitis and proteomics, describing involvement of additional -omics technologies, in accord with material assessed in respective studies; Table S17: Journals in which papers on mastitis and proteomics were published and respective number of papers; Table S18: Association between journals and countries of origin of published papers on mastitis and proteomics; Table S19: Sub-categories of journals in Web of Science, in which papers on mastitis and proteomics were published, and respective number of papers; Figure S8: Venn diagrams of three pairs of authors, affiliated with scientific establishments in three different countries, with number of published papers in which they were first or last authors (descriptors of authors not corresponding to their names); Table S20: Median (interquartile range) number of authors per published paper on mastitis and proteomics, in accord with countries of origin of the papers; Table S21: Median (interquartile range) number of yearly citations received by published papers on mastitis and proteomics, in accord with countries of origin of papers; Table S22: Statistical significance of evaluation for potential association of variables of paper content with yearly number of citations.





Author Contributions


Conceptualization, M.V.B., D.T.L., G.C.F. and A.I.K.; methodology, M.V.B., D.C.C. and G.C.F.; formal analysis, M.V.B. and G.C.F.; investigation, M.V.B. and A.I.K.; data curation, M.V.B.; writing—original draft preparation, M.V.B., G.C.F. and A.I.K.; writing—review and editing, M.V.B., D.C.C., D.T.L., G.T.T., G.C.F. and A.I.K.; supervision, G.T.T., G.C.F. and A.I.K. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


All data are available on the Web of Science platform and in the Supplementary Materials (www.webofknowledge.com).




Acknowledgments


Maria V. Bourganou receives a scholarship from Averofio AgroFood Technological Park of Thessaly.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Garcia, S.N.; Osburn, B.I.; Cullor, J.S. A one health perspective on dairy production and dairy food safety. One Health 2019, 7, 100086. [Google Scholar] [CrossRef]

	



Maity, S.; Ambatipudi, K. Mammary microbial dysbiosis leads to the zoonosis of bovine mastitis: A One-Health perspective. FEMS Microbiol. Ecol. 2021, 97, fiaa241. [Google Scholar] [CrossRef]

	



Vasileiou, N.G.C.; Chatzopoulos, D.C.; Sarrou, S.; Fragkou, I.A.; Katsafadou, A.I.; Mavrogianni, V.S.; Petinaki, E.; Fthenakis, G.C. Role of staphylococci in mastitis in sheep. J. Dairy Res. 2019, 86, 254–266. [Google Scholar] [CrossRef]

	



Fornelli, L.; Toby, T.K.; Schachner, L.F.; Doubleday, P.F.; Srzentić, K.; DeHart, C.J.; Kelleher, N.L. Top-down proteomics: Where we are, where we are going? J. Proteom. 2018, 175, 3–4. [Google Scholar] [CrossRef] [PubMed]

	



Katsarou, E.I.; Billinis, C.; Galamatis, D.; Fthenakis, G.C.; Tsangaris, G.T.; Katsafadou, A.I. Applied proteomics in ‘one health’. Proteomes 2021, 9, 31. [Google Scholar] [CrossRef] [PubMed]

	



Gulta, B.M.; Ahmed, K.K.M.; Gupta, R.; Tiwari, R. World camel research: A scientometric assessment, 2003–2012. Scientometrics 2015, 102, 957–975. [Google Scholar]

	



Gonzalez, M.; Salgado-Arroyo, L. Análisis bibliométrico de los artículos científicos publicados en Medicina Veterinaria y Zootecnia en Colombia 2010–2019. Rev. MVZ Colomb. 2020, 25, 2114. [Google Scholar] [CrossRef]

	



Vaziri, E.; Maghsoudi, A.; Feizabadi, M.; Faraji-Arough, H.; Rokouei, M. Scientometric evaluation of 100-year history of Poultry Science (1921–2020). Poult. Sci. 2022, 101, 102134. [Google Scholar] [CrossRef]

	



Lianou, D.T.; Fthenakis, G.C. Scientometrics study of research output on sheep and goats from Greece. Animals 2022, 12, 2666. [Google Scholar] [CrossRef]

	



Ding, W.; Li, J.L.; Ma, H.Y.; Wu, Y.R.; He, H.L. Science mapping of meta-analysis in agricultural science. Information 2023, 14, 611. [Google Scholar] [CrossRef]

	



International Organization for Standardization. ISO 3166-1:2020(en) Codes for the Representation of Names of Countries and Their Subdivisions—Part 1: Country Code. Available online: https://www.iso.org/obp/ui/en/#iso:std:iso:3166:-1:ed-4:v1:en (accessed on 15 January 2024).

	



Lippolis, J.D.; Reinhardt, T.A. Proteomic survey of bovine neutrophils. Vet. Immunol. Immunopathol. 2005, 103, 53–65. [Google Scholar] [CrossRef]

	



Reinhardt, T.A.; Lippolis, J.D. Bovine milk fat globule membrane proteome. J. Dairy Res. 2006, 73, 406–413. [Google Scholar] [CrossRef]

	



Boehmer, J.L.; Bannerman, D.D.; Shefcheck, K.; Ward, J.L. Proteomic analysis of differentially expressed proteins in bovine milk during experimentally induced Escherichia coli mastitis. J. Dairy Sci. 2008, 91, 4206–5218. [Google Scholar] [CrossRef]

	



Lippolis, J.D.; Bayles, D.O.; Reinhardt, T.A. Proteomic changes in Escherichia coli when Ggrown in fresh milk versus laboratory media. J. Proteome Res. 2009, 8, 149–158. [Google Scholar] [CrossRef]

	



Hogarth, C.J.; Fitzpatrick, J.L.; Nolan, A.M.; Young, F.J.; Pitt, A.; Eckersall, P.D. Differential protein composition of bovine whey: A comparison of whey from healthy animals and from those with clinical mastitis. Proteomics 2004, 4, 2094–2100. [Google Scholar] [CrossRef]

	



Taverna, F.; Negri, A.; Piccinini, R.; Zecconi, A.; Nonnis, S.; Ronchi, S.; Tedeschi, G. Characterization of cell wall associated proteins of a Staphylococcus aureus isolated from bovine mastitis case by a proteomic approach. Vet. Microbiol. 2007, 119, 240–247. [Google Scholar] [CrossRef]

	



Smolenski, G.; Haines, S.; Kwan, F.Y.S.; Bond, J.; Farr, V.; Davis, S.R.; Stelwagen, K.; Wheeler, T.T. Characterisation of host defence proteins in milk using a proteomic approach. J. Proteome Res. 2007, 6, 207–215. [Google Scholar] [CrossRef]

	



Addis, M.F.; Pisanu, S.; Ghisaura, S.; Pagnozzi, D.; Marogna, G.; Tanca, A.; Biosa, G.; Cacciotto, C.; Alberti, A.; Pittau, M.; et al. Proteomics and pathway analyses of the milk fat globule in sheep naturally infected by Mycoplasma agalactiae provide indications of the in vivo response of the mammary epithelium to bacterial infection. Infect. Immun. 2011, 79, 3833–3845. [Google Scholar] [CrossRef]

	



Alonso-Fauste, I.; Andres, M.; Iturralde, M.; Lampreave, F.; Gallart, J.; Alava, M.A. Proteomic characterization by 2-DE in bovine serum and whey from healthy and mastitis affected farm animals. J. Proteom. 2012, 75, 3015–3030. [Google Scholar] [CrossRef]

	



Turk, R.; Piras, C.; Kovacic, M.; Samardzija, M.; Ahmed, H.; De Canio, M.; Urbani, A.; Mestric, Z.F.; Soggiu, A.; Bonizzi, L.; et al. Proteomics of inflammatory and oxidative stress response in cows with subclinical and clinical mastitis. J. Proteom. 2012, 75, 4412–4428. [Google Scholar] [CrossRef]

	



Chiaradia, E.; Valiani, A.; Tartaglia, M.; Scoppetta, F.; Renzone, G.; Arena, S.; Avellini, L.; Benda, S.; Gaiti, A.; Scaloni, A. Ovine subclinical mastitis: Proteomic analysis of whey and milk fat globules unveils putative diagnostic biomarkers in milk. J. Proteom. 2013, 83, 144–159. [Google Scholar] [CrossRef]

	



Olumee-Shabon, Z.; Boehmer, J.L. Detection of casein Pphosphopeptides in goat milk. J. Proteome Res. 2013, 6, 3034–3041. [Google Scholar] [CrossRef]

	



Eckersall, P.D.; Almeida, A.M.; Miller, M.D. Proteomics, a new tool for farm animal science. J. Proteom. 2012, 75, 4187–4189. [Google Scholar] [CrossRef]

	



Harper, L.; Kalfa, N.; Beckers, G.M.A.; Kaefer, M.; Nieuwhof-Leppink, A.J.; Fossum, M.; Herbst, K.W.; Bagli, D. The impact of COVID-19 on research. J. Pediatr. Urol. 2020, 16, 715–716. [Google Scholar] [CrossRef]

	



Saunders, B.; Sim, J.; Kingstone, T.; Baker, S.; Waterfield, J.; Bartlam, B.; Burroughs, H.; Jinks, C. Saturation in qualitative research: Exploring its conceptualization and operationalization. Qual. Quant. 2017, 52, 1893–1907. [Google Scholar] [CrossRef]

	



Jiang, R.; Tortorice, D.L.; Jefferson, J.H. Restructuring China’s research institutes: Impacts on China’s research orientation and productivity. Econ. Transit. 2016, 24, 163–208. [Google Scholar] [CrossRef]

	



Dai, Y.; Xu, J. Evaluating government intervention in academic entrepreneurship: An identity perspective and evidence from China. Int. J. Technol. 2023, 93, 36–63. [Google Scholar] [CrossRef]

	



Pan, J.; Liu, Y.; Chen, G.; Zhang, Q. Diamond model for the transfer of world science and technology centres. J. Chin. Econ. Bus. Stud. 2019, 17, 129–145. [Google Scholar] [CrossRef]

	



Chen, J.; Zhao, N. Recent advances in drug development and regulatory science in China. Ther. Innov. Regul. Sci. 2018, 52, 739–750. [Google Scholar] [CrossRef]

	



Lill, J.R.; Mathews, W.R.; Rose, C.H.; Schirle, M. Proteomics in the pharmaceutical and biotechnology industry: A look to the next decade. Expert Rev. Proteom. 2021, 18, 503–526. [Google Scholar] [CrossRef]

	



International Dairy Food Association. U.S. Dairy Industry’s Economic Impact Ttotals $753 Billion. 2021. Available online: https://www.idfa.org/news/u-s-dairy-industrys-economic-impact-totals-753-billion (accessed on 20 February 2024).

	



Food and Agriculture Organization of the United Nations. The Global Dairy Sector: Facts. 2016. Available online: https://www.fao.org/3/cb2992en/cb2992en.pdf?fbclid=IwAR22dOWHwI1BtpVS60zcMelHtMV_Lse_P_UXbtecc7_I7p76VUSC0Gvu7MI (accessed on 20 February 2024).

	



Roncada, P.; Piras, C.; Soggiu, A.; Turk, R.; Urbanie, A.; Bonizzi, L. Farm animal milk proteomics. J. Proteom. 2012, 75, 4259–4274. [Google Scholar] [CrossRef]

	



Pereira, C.S.; Santos, L.M.M.; Machado, L.S.; Melo, D.A.; Coelho, S.M.O.; Pereira, V.L.A.; Souza, M.M.S.; Nascimento, E.R. Proteomics characterization of Staphylococcus spp. from goat mastitis and phenogeno-typical assessment of resistance to beta-lactamics. Pesq. Vet. Brasil. 2021, 41, e06129. [Google Scholar] [CrossRef]

	



Rodriguez, M.F.; Gomez, A.P.; Parra, C.M. Molecular and proteomic identification of Arthrobacter gandavensis isolated from cows with subclinical mastitis in a dairy farm. Malays. J. Microbiol. 2022, 18, 309–314. [Google Scholar]

	



Rodriguez, M.F.; Gomez, A.P.; Parra-Giraldo, C.M.; Ceballos-Garzon, A. Proteomics and genetic approaches elucidate the circulation of low variability Staphylococcus aureus Strains on Colombian dairy farms. Microb. Ecol. 2023, 86, 2320–2329. [Google Scholar] [CrossRef]

	



Folescu, R.; Miftode, E.; Carmen, L. Animal experimental studies: Controversies, alternatives and perspectives. Rev. Cercet. Interv. Soc. 2013, 43, 266–273. [Google Scholar]

	



The Australian and New Zealand Council for the Care of Animals in Research and Teaching. Ninth Annual Report for the Year Ending 31 December 2001; Australian and New Zealand Council for the Care of Animals in Research and Teaching (ANZCCART) Limited: Adelaide, Australia; Wellington, New Zealand, 2002; 27p. [Google Scholar]

	



Katsafadou, A.I.; Tsangaris, G.T.; Anagnostopoulos, A.K.; Billinis, C.; Barbagianni, M.S.; Vasileiou, N.G.C.; Spanos, S.A.; Mavrogianni, V.S.; Fthenakis, G.C. Differential quantitative proteomics study of experimental Mannheimia haemolytica mastitis in sheep. J. Proteom. 2019, 205, 103393. [Google Scholar] [CrossRef]

	



Huang, J.; Luo, G.J.; Zhang, Z.J.; Wang, X.G.; Ju, Z.H.; Qi, C.; Zhang, Y.; Wang, C.F.; Li, R.L.; Li, J.B.; et al. iTRAQ-proteomics and bioinformatics analyses of mammary tissue from cows with clinical mastitis due to natural infection with Staphylococci aureus. BMC Genomics 2014, 15, 839. [Google Scholar] [CrossRef]

	



Shah, P.; Zhang, B.; Choi, C.; Yang, S.; Zhou, J.; Harlan, R.; Tian, Y.; Zhang, Z.; Chan, D.W.; Zhang, H. Tissue proteomics using chemical immobilization and mass spectrometry. Anal. Biochem. 2015, 469, 27–33. [Google Scholar] [CrossRef]

	



Messner, C.B.; Demichev, V.; Wang, Z.; Hartl, J.; Kustatscher, G.; Mülleder, M.; Ralser, M. Mass spectrometry-based high-throughput proteomics and its role in biomedical studies and systems biology. Proteomics 2023, 23, e2200013. [Google Scholar] [CrossRef]

	



Haslam, C.; Hellicar, J.; Dunn, A.; Fuetterer, A.; Hardy, N.; Marshall, P.; Paape, R.; Pemberton, M.; Resemannand, A.; Leveridge, M. The evolution of MALDI-TOF mass spectrometry toward ultra-high-throughput screening: 1536-well format and beyond. J. Biomol. Screen. 2016, 21, 176–186. [Google Scholar] [CrossRef]

	



Zhan, X.; Li, N.; Zhan, X.; Qian, S. Revival of 2DE-LC/MS in proteomics and its potential for large-scale study of human proteoforms. Med One 2018, 3, e180008. [Google Scholar]

	



Dowsey, A.W.; Dunn, M.J.; Yang, G.Z. Automated image alignment for 2D gel electrophoresis in a high-throughput proteomics pipeline. Bioinformatics 2008, 24, 950–957. [Google Scholar] [CrossRef] [PubMed]

	



Turk, R.; Rošić, N.; Kuleš, J.; Horvatić, A.; Gelemanovic, A.; Galen, A.; Ljubić, B.; Benić, M.; Stepanović, V.; Mrljak, V.; et al. Milk and serum proteomes in subclinical and clinical mastitis in Simmental cows. J. Proteom. 2021, 244, 104277. [Google Scholar] [CrossRef]

	



Liang, X.; Zhu, W.; Lv, Z.; Zou, Q. Molecular computing and bioinformatics. Molecules 2019, 24, 2358. [Google Scholar] [CrossRef]

	



Noor, Z.; Ahn, S.B.; Baker, M.S.; Ranganathan, S.; Mohamedali, A. Mass spectrometry–based protein identification in proteomics—A review. Brief. Bioinform. 2021, 22, 1620–1638. [Google Scholar] [CrossRef]

	



Hermjakob, H. The HUPO proteomics standards initiative—Overcoming the fragmentation of proteomics data. Proteomics 2006, 6 (Suppl. S2), 34–38. [Google Scholar] [CrossRef]

	



Orchard, S.; Hermjakob, H. The HUPO proteomics standards initiative—Easing communication and minimizing data loss in a changing world. Brief. Bioinform. 2008, 2, 166–173. [Google Scholar] [CrossRef]

	



Zubair, M.; Khan, F.A.; Menghwar, H.; Faisal, M.; Ashraf, M.; Rasheed, M.A.; Marawan, M.A.; Dawood, A.; Chen, Y.; Chen, H.; et al. Progresses on bacterial secretomes enlighten research on Mycoplasma secretome. Microb. Pathog. 2020, 144, 104160. [Google Scholar] [CrossRef]

	



Fanelli, D.; Larivière, V. Researchers’ individual publication rate has not increased in a century. PLoS ONE 2016, 11, e0149504. [Google Scholar] [CrossRef]

	



European Commission. Open Access. 2022. Available online: https://research-and-innovation.ec.europa.eu/strategy/strategy-2020-2024/our-digital-future/open-science/open-access_en (accessed on 20 February 2024).

	



Morrison, H.; Borges, L.; Zhao, X.; Kakou, T.L.; Shanbhoug, A.N. Change and growth in open access journal publishing and charging trends 2011–2021. J. Assoc. Inf. Sci. Technol. 2022, 73, 1793–1805. [Google Scholar] [CrossRef]

	



Pampel, H. Promoting open access in research-performing organizations: Spheres of activity, challenges, and future action areas. Publications 2023, 11, 44. [Google Scholar] [CrossRef]

	



Evans, J.A. Electronic publication and the narrowing of science and scholarship. Science 2008, 321, 395. [Google Scholar] [CrossRef] [PubMed]

	



Onodera, N.; Yoshikane, F. Factors affecting citation rates of research articles. large-scale study based on Web of Science data. J. Assoc. Inform. Sci. Technol. 2015, 66, 739–764. [Google Scholar] [CrossRef]

	



Fox, C.W.; Paine, C.E.T.; Sauterey, B. Citations increase with manuscript length, author number, and references cited in ecology journals. Ecol. Evol. 2016, 6, 7717–7726. [Google Scholar] [CrossRef] [PubMed]

	



Ahlgren, P.; Colliander, C.; Sjögårde, P. Exploring the relation between referencing practices and citation impact: A large-scale study based on Web of Science data. J. Assoc. Inform. Sci. Technol. 2018, 69, 728–743. [Google Scholar] [CrossRef]

	



Mammola, S.; Fontaneto, D.; Martínez, A.; Chichorro, F. Impact of the reference list features on the number of citations. Scientometrics 2021, 126, 785–799. [Google Scholar] [CrossRef]








[image: Pathogens 13 00324 g001] 





Figure 1. Number of papers on mastitis and proteomics published annually up to 2023 (dashed line indicates trendline). 
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Figure 2. Median year of publication of papers on mastitis and proteomics from 12 countries with most published papers (≥5) on study topic (abbreviations of country names according to International Naming Convention ISO 3166 [11]). 
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Figure 3. Number of scientific establishments, from which originated papers on mastitis and proteomics, among 12 countries with most published papers (≥5) on study topic (blue color palette in accord with number of scientific establishments within country). 
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Figure 4. Number of original articles on mastitis and proteomics, in accord with mammalian species in which work was performed in respective studies. 
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Figure 5. Mammalian species on which focused work described in majority of original articles on mastitis and proteomics. 
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Figure 6. Venn diagram of mastitis aspect in respective studies among original articles on mastitis and proteomics (note: two papers on aetiology and pathogenesis concurrently and one paper on diagnosis and treatment concurrently could not be visualized). 
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Figure 7. Trendlines for number of original articles on mastitis and proteomics describing experimental (blue) or field (green) work in respective studies, in accord with year of publication. 
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Figure 8. Number of original articles on mastitis and proteomics, in accord with country of origin and mastitis aspect in respective studies (abbreviations of country names according to International Naming Convention ISO 3166 [11]; gray bars: papers on aetiology, blue bars: papers on diagnosis, red bars: papers on pathogenesis, green bars: papers on treatment of mastitis). 
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Figure 9. Number of original articles on mastitis and proteomics, in accord with material assessed and mastitis aspect studied in respective studies. 
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Figure 10. Box and whisker plot for year of publication of original articles on mastitis and proteomics, in accord with material assessed in respective studies. 
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Figure 11. Original articles on mastitis and proteomics describing various proteomics methodological approaches employed, in accord with material assessed in respective studies. 
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Figure 12. Bi-plot of results of principal component analysis for proteomics methodological approach, mammalian species, mastitis aspect, material assessed and year of publication in original articles on mastitis and proteomics. 
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Figure 13. Association between journals and countries of origin of published papers on mastitis and proteomics (abbreviations of country names according to International Naming Convention ISO 3166 [11]; abbreviations of journals from left to right: Animals, Data in Brief, International Journal of Molecular Sciences, Journal of Dairy Science, Journal of Proteome Research, Journal of Proteomics, Veterinary Microbiology, Veterinary Research. 
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Figure 14. Violin plot for number of cited references in reviews and original articles on mastitis and proteomics. 
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Figure 15. Change in median number of co-authors per year in papers on mastitis and proteomics through years (dashed line is trendline). 
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Figure 16. Yearly proportion of published papers on mastitis and proteomics, in accord with type of accessibility selection, i.e., submitted for subscription-only (blue) or for open-access (yellow) publication. 
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Figure 17. Box and whisker plot for yearly citations received by original articles (blue) or reviews (gray) on mastitis and proteomics. 
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Figure 18. Trendlines for cross-plot of number of cited references and respective yearly citations for published papers on mastitis and proteomics, with (green-blue) or without (gray-pink) international collaboration. 
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Table 1. Proteomics methodological approaches described in original articles on mastitis and proteomics.
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	Proteomics Methodological Approaches 1
	No. of Articles
	Median Year

of Publication





	LC-MS/MS
	56
	2019



	2-DE, MALDI-TOF MS
	24
	2015



	2-DE, LC-MS/MS
	18
	2015



	2D-DIGE, MALDI-TOF MS, GeLC-MS/MS
	13
	2011



	MALDI-TOF MS
	10
	2021



	GeLC-MS/MS
	5
	2013



	Bioinformatics
	5
	2022



	LC-MS/MS, Bioinformatics
	3
	2022



	MALDI-TOF MS, LC-MS/MS
	1
	2020







1 LC-MS/MS: liquid chromatography-tandem mass spectrometry, 2-DE: two-dimensional gel electrophoresis, MALDI-TOF MS: matrix-assisted laser desorption/ionization coupled to time-of-flight mass spectrometry, 2D-DIGE: two-dimensional difference gel electrophoresis, GeLC-MS/MS: polyacrylamide gel electrophoresis followed by liquid chromatography-tandem mass spectrometry.













 





Table 2. Results of multivariable analysis for variables with significant association with yearly citations of published papers on mastitis and proteomics.
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	Variables
	Odds Risk (±se)