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Abstract

:

Climate change is a challenge for the sustainable development of an international economy and society. The impact of climate change on infectious diseases has been regarded as one of the most urgent research topics. In this paper, an analysis of the bibliometrics, co-word biclustering, and strategic diagram was performed to evaluate global scientific production, hotspots, and developing trends regarding climate change and infectious diseases, based on the data of two decades (1999–2008 and 2009–2018) from PubMed. According to the search strategy and inclusion criteria, a total of 1443 publications were found on the topic of climate change and infectious diseases. There has been increasing research productivity in this field, which has been supported by a wide range of subject categories. The top highly-frequent major MeSH (medical subject headings)/subheading combination terms could be divided into four clusters for the first decade and five for the second decade using a biclustering analysis. At present, some significant public health challenges (global health, and travel and tropical climate, etc.) are at the center of the whole target research network. In the last ten years, “Statistical model”, “Diarrhea”, “Dengue”, “Ecosystem and biodiversity”, and “Zoonoses” have been considered as emerging hotspots, but they still need more attention for further development.
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1. Introduction


It has been firmly established that the Earth is warming, which is shown by the increase in the average ocean temperature and air temperature, and in the melting of snow and ice. Global climate change is one of the most widely discussed topics, not only in the field of climate science or policy making, but also in a range of health researches [1,2]. It can affect human health via different pathways of complexity, directness, and scale [3,4,5]. A better understanding of the human health dimensions of climate change is necessary for protecting people from climate-sensitive hazards and the development of a sustainable coping strategy [6,7,8,9]. In particular, the direct and indirect impact of climate change on infectious diseases has been regarded as one of most urgent research topics [10,11,12]. It has been well accepted by the academic community that climate change could not only affect the pathogens’ ecology and the transmission dynamics of infectious diseases, but also the development of health promotion-related policy and the implementation process of the Sustainable Development Goals [13,14,15].



In the above-mentioned background, over the past several decades, there has been a large increase in scientific investigations about climate change and infectious diseases [14,15,16]. For example, the effect of global warming on vector-borne diseases, especially malaria, has been actively investigated [17,18,19,20,21,22]. The temperature can directly affect the biology of vectors and parasites, and increased precipitation may lead to an increase in the number and quality of breeding sites, and affect the availability of resting sites [23,24,25,26]. The temporal and spatial changes in climatic variables might affect the vectors, intermediate hosts, and, consequently, the risk of disease transmission [27,28]. Evidence has also indicated the impact of inter-annual and inter-decadal climate change on vector-borne diseases, which should be explored not only in a continental basis, but also in regional and local basis [29,30].



Bibliometrics is a kind of research method that analyzes bibliographic information using quantitative indicators, and has been widely employed for the statistical analysis of the bibliographic materials in a particular field [31,32]. In view of the impressive progress on climate change and infectious diseases, the quantitative and qualitative assessment of the scientific output will help to know the history, publication trends, research interest, and maturity degree of this field. Thus, the primary aim of the present work was to map the research output and theme trends in climate change and infectious diseases in the last 20 years (from 1999 to 2018), using the bibliometric indicators of production, word co-occurrence biclustering analysis, and strategic diagram. It is anticipated that this kind of reference can help the researchers in this field to prevent repeated work, avoid wasting resources, and know the research trends in the future. For the sake of shorthand, in the following section “this field” refers to “the field related to climate change and infectious diseases”.




2. Materials and Methods


2.1. Data Collection


The data from 1999 until 2018 were retrieved from PubMed of the National Library of Medicine on the web (http://www.ncbi.nlm.nih.gov/pubmed), with the medical subject headings (MeSH) terms “Climate Change”, “Climate”, “Meteorological Concepts”, “Weather”, and “Communicable Diseases”; the key words “Meteorological” and “Infectious diseases” in the title and abstract fields; and the Boolean combinations of these words as the retrieval strategy (for details of the retrieval strategy, see Table S1 in Supplementary Materials). The literature type was limited to journal articles. All publications were saved as two files, in the format of XML and MEDLINE, separately. Two independent researchers filtered the downloaded records manually according to the inclusion and exclusion criteria, after reviewing the titles and abstracts, and even, in some cases, the full text of the records. If they disagreed, the third person would judge whether a record was relevant. The included records were journal articles concerning both climate change and infectious diseases. The exclusion criteria were the following: (1) books, retracted publications, and bibliographies; (2) records of which the topic was related to political climate, social climate, economic climate, financial climate, organizational climate, etc.; and (3) repeated records.



Aiming to map the knowledge structure and theme trends of climate change and infectious diseases in the last 20 years, two periods of 10 years each were established, namely: 1 January 1999–31 December 2008, and 1 January 2009–31 December 2018. Furthermore, the comparative analysis for articles published in the two periods was conducted from the perspectives of bibliometric indicators and topics.




2.2. Data Analysis


Bibliographic Items Co-occurrence Matrix Builder (BICOMB), provided by Professor Cui from China Medical University [33], and Microsoft Excel were employed to determine the annual number of publications, most active journals, distribution of journals’ publication places, and the frequency of major MeSH/subheading combination terms. In the following section, “major MeSH/Subheading combination term” is referred to as “term” for short. The publication time of an article in this study was the final publication time, which meant that the information about the volume, pages, or serial article number had been released.



A research hotspot refers to a focus of research where researchers have conducted a lot of studies and published many related papers. By obtaining the frequencies and relationship of the words reflecting the content of the articles in a field, the hotspots of the field can usually be identified [34]. In this study, based on the principle for the g-index of the word frequency, a proper threshold (g) was set for the number of terms in order to generate a list of highly-frequent terms and a term-article matrix [35]. Egghe put forward a g-index used to reflect the contribution value of high-quality papers (i.e., highly cited papers) to a scientist. Similarly, a co-word analysis is used to select highly-frequent words to reflect the hotspots of a certain research field, so the g-index can also reflect the contribution value of highly-frequent words to all of the words in a given field [36]. Zhang et al. and Yang et al. have proved the simplicity and effectiveness of the g-index in selecting highly-frequent words in their empirical studies [35,37]. The method for the determination of the number, g, is as follows: firstly, all major MeSH/subheading combination terms were sorted in descending order of frequency; i was the sequence number of each term; when i was equal to g, the cumulative frequency of the first g terms was not less than g2, while that of the first (g + 1) terms was less than (g + 1)2. Then, the first g terms were considered as high-frequency terms [37]. If there were multiple terms with the frequency equal to that of the gth term, these terms were also identified as the highly-frequent terms. Next, a binary matrix with highly-frequent term-source article was created from BICOMB. By using the software “gCLUTO” (Graphical Clustering Toolkit, developed by Rasmussen et al. from University of Minnesota)) version 1.0 (University of Minnesota, Minneapolis, MN, USA), the matrix was imported for further biclustering [38]. The parameters in gCLUTO—repeated bisection for the clustering method, cosine for similarity function, and I2 for criterion function of clustering—were set based on those appropriate for the biclustering analysis of the literature. In order to gain the optimal number of clusters, the procedure for biclustering was repeated with different numbers of clusters. The biclustering result of the term-article matrix was presented through the visualization format of a mountain and matrix. With the aid of semantic relationships between the MeSH/subheading combination terms, and the content of the representative articles in each cluster, the basic framework of research hotspots on climate change-related infectious diseases was drawn and analyzed.



Moving forward, every hot research topic was put into the strategic diagram to show the relational patterns inside each cluster and among all of the clusters, so that the current status and evolutionary trends of this field could be revealed. In 1988, Law et al. proposed a strategic diagram to describe the internal linkages in the research domains and inter-domain interactions [39]. The strategic diagram is manifested as a two-dimensional chart, with the horizontal axis representing the centrality (the average value of external links, and external links refer to the sum of times that every term in a given cluster and every term in other clusters co-occur in the same article) and the vertical axis standing for the density (the average value of internal links, and internal links are the sum of times that every pair of terms in a given cluster co-occur in the same article) [40]. The centrality is used to judge the degree to which each term is connected with the terms in the other clusters, which can indicate the degree that one theme affects the others. The greater the number and intensity of links between a subject domain and other subject domains, the more central the subject domain becomes in the whole research work. The density is used to measure the closeness degree of the internal terms inside the same cluster, indicating the strength of relations that make terms into a cluster, i.e., the ability of one theme to maintain and develop itself [41]. Based on the results of the co-word clustering analysis and co-occurrence matrix of the highly-frequent terms, the density and the centrality were calculated for each cluster. The origin of coordinate is the average value of all centralities and that of all densities. With the help of the content, as well as the centrality and density of each cluster, the development status of the hot research topics in the two decades was presented by strategic diagrams, from which the evolutionary trend of the global research on climate change and infectious diseases was analyzed and discussed.





3. Results


3.1. Growth and Journals of the Relevant Publications


Based on our search strategy and on the inclusion and exclusion criteria, 1443 journal articles were retrieved in PubMed on the topic of climate change and infectious diseases from 1999 to 2018. The annual number of related articles grew exponentially from only 18 in 1999, to the maximum, 147 in 2017, as shown in Figure 1, where an exponential trend line could be added (the degree of fitting, R2, is 0.83). For the two periods, 1999–2008 and 2009–2018, there were 368 and 1075 journal articles involved, respectively, which were then subjected to a comparative analysis.



Altogether, 521 journals were involved in the field (1999–2008: 226 journals; 2009–2018: 407 journals). The United States and England were always two major publication places of journals publishing relevant articles in the two decades, as illustrated in Figure 2. The third publication places were France in the first decade and the Netherlands in the second decade. Table 1 displays the top ten productive journals for each period, as well as their languages, publication places, and number of publications. In 1999–2008, the top three most active journals were Emerging Infectious Diseases, Journal of Travel Medicine, and Annals of the New York Academy of Science, whereas in the latter ten years, PLoS One, International Journal of Environmental Research and Public Health, and Epidemiology and Infection were the most popular.




3.2. Highly-Frequent MeSH/Subheading Combination Terms and Their Cluster Pattern


From the articles included, 26 and 39 high-frequency major MeSH/subheadings combination terms were extracted for the first and second decade, respectively, based on the method for the g-index of the word frequency mentioned above, with a cumulative frequency percentage of 32.95% and 37.39%, respectively (Tables S2 and S3 in Supplementary Materials). Furthermore, these terms were subject to a co-word biclustering analysis to reveal the research hotspots for climate change and infectious diseases in the past two decades.



The high-frequency terms were classified into four clusters for the first decade and five for the second decade using the biclustering analysis, as presented in Figure 3 and Figure 4. These two figures also show the mountain and matrix visualization of these terms. In the mountain visualization, each 3D peak labeled by the cluster number contains a cluster of terms, of which the location on the plane, volume, height, and color are used to portray information about a cluster. The distance between two peaks on the plane reflects the relative similarity of two clusters. There is positive correlation between the peak’s height and the cluster’s internal similarity. The volume of a peak is positively correlated with the number of terms classified into a cluster. In addition, the peak’s color represents the internal standard deviation of a cluster’s terms. Blue represents a high internal standard deviation of the objects inside, whereas red represents a low internal standard deviation. In the matrix visualization, the high-frequency terms are listed on the right side. The number before each term represents its serial number (See Tables S2 and S3). The top and left hierarchical trees display the relationships among the included articles and those among the high-frequency terms, by which the themes of all of the clusters have been able to identify and summarize, and insights into the representative articles of each cluster could be attained as well. The hotspots of climate change and infectious diseases revealed by the cluster analysis of high-frequency terms during the two periods are presented in Table 2.




3.3. Trends of Research Themes


A strategic diagram can generally represent the structure of a research field, in which all of the research hotspots are placed in the four quadrants of the coordinate graph, based on the values of the centrality and density, thus describing the research status and trend of each hotspot. The density is used to determine the closeness of the terms within each cluster of hotspots. It represents the self-sustainability of each cluster of hotspot, i.e., stability [41]. The centrality spot measure the closeness between the terms of each cluster and those in the other cluster, indicating the degree of mutual influence of one cluster of a hotspot and the other clusters. The greater the centrality of one cluster of hotspot, the more central it tends to be in the entire research field [42]. Therefore, the clusters in Quadrant 1 are the relative core and stable themes (strongly connected with other clusters and having intense internal relationships). The clusters located within Quadrant 2 represent peripheral but already well-developed themes. The clusters in Quadrant 3 are both peripheral and unstable. The clusters in Quadrant 4 are central but not stable, yet they are becoming mature or are vanishing to some extent [39]. Typically, analyses are the most interested in the new and exciting topics in Quadrant 4.



Based on the results of the co-word biclustering analysis and the co-occurrence matrix of high-frequency terms, we calculated the centrality and density of each cluster and drew two strategic diagrams on research hotspots for the two decades. Then, we analyzed the basic framework, alteration, and trend of research hotspots on climate change and infectious diseases in the world (Figure 5).



Four clusters from 1999 to 2008 are scattered in the four quadrants, i.e., Cluster 1 in Quadrant 1, Cluster 2 in Quadrant 2, Cluster 0 in Quadrant 3, and Cluster 3 in Quadrant 4. Cluster 1, global and public health, is considered as the motor theme (of which centrality and density are both high). In the decade from 2009 to 2018, Cluster 2 lies in Quadrant 1, Cluster 0 in Quadrant 2, and the rest of three clusters (Clusters 1, 3, and 4) lie in Quadrant 3, while no cluster is in Quadrant 4. The contrast of the clusters and their positions in the strategic diagrams between the two 10-year periods can also be visualized in Figure 5, showing the trend and alteration of the hot research themes.





4. Discussion


In the context of global warming, academic communities have paid increasing attention to the direct and indirect effects of climate change on the appearance and spread of infectious diseases. The relationship between climate change and infectious diseases has become an important research field, which requires the systematic analysis of the knowledge structure and theme trends. In this study, the bibliometric analysis, co-word biclustering analysis, and strategic diagram on the scientific productions from the quantitative and content’s points of view were integrated to investigate the knowledge structure and evolution of this field in the past 20 years.



4.1. Principal Findings


To the authors’ knowledge, for the first time, an evaluation is reported on the research status and trend of climate change and infectious diseases around the world in the last two decades. The quantitative study clearly shows the exponentially rapid growth of the relevant publications, focusing on the topic of climate change and infectious diseases from 1999 to 2018. The articles published in the last decade (2009–2018) are nearly threefold of those in the previous decade (1999–2008).



According to the summarized distribution data of journals, the number of journals is almost twice as much in the last decade as in the previous decade, demonstrating that more and more journals began to publish articles regarding climate change and infectious diseases. It is also notable that comprehensive journals, for example, Nature and PLoS One, have shown interest in collecting papers in this field, confirming that the research on climate change-related infectious diseases had been supported by a wide range of subject categories. In the last two decades, however, the publication places of relevant journals were mainly developed countries or regions, such as The United States, England, Switzerland, and France.



As expected, this study provided some hints of the recent research hotspots in the field of climate change and infectious diseases. A co-word biclustering analysis was performed to reveal the research hotspots in the field, where there were four big clusters (nine subclass topics) and five big clusters (15) found in 1999 to 2008 and 2009 to 2018, respectively. Some topics, such as travel and tropic climate, global health, public health, environment, rain, biological model, and the greenhouse effect, have always been interesting for researchers. Human influenza, malaria, and emerging communicable diseases are the consistently concerned infectious diseases. From 1999 to 2008, hotspots like disasters, fever, and endemic diseases were not the same hotspots from 2009 to 2018. In the last ten years, researchers have begun to pay attention to some new hotspots, e.g., statistical model, diseases outbreaks, ecosystem, and biodiversity (Table 2 and Figure 5). Specifically, research on statistical models have become a hotspot, probably due to the development of data science, as well as new statistical methodology, such as deep learning, and their recent application in medicine [43]. Meanwhile, gastroenteritis; hand, foot, and mouth disease; diarrhea; dengue; and zoonoses are new foci among the research field of climate-sensitive communicable diseases. Hand, foot, and mouth disease, in particular, is a type of communicable disease emerging in recent decades. Although occurring much later in some countries like China, where it was originally seen in 1981, this disease is very prevalent, and often leads to outbreaks among children [44,45]. Therefore, researchers have begun to carry out related studies from multiple perspectives. In the aspect of its correlation with climate, a considerable amount of journal articles (32 articles) have been published within the last decade, according to the analysis of this study.



In parallel, the strategic diagram was employed to interpret the trends in themes during the two periods. Global health locates in Quadrant 1 all the time, indicating it is mature, but is indeed the eternal core theme of the whole body of literature. The topic on malaria is always in Quadrant 3, demonstrating that it is neither mature nor a core topic in the whole related field, and thus needs further investigation.



During the second decade (2009–2018), “Travel and tropical climate” within Quadrant 1, previously considered as the undeveloped and peripheral theme, progressed well and become the core of the relevant field. New hotspots of “gastroenteritis and hand, foot, and mouth disease” and “disease outbreaks” have become mature in the last ten years, although they are still on the edge of the whole field. Other new hotspots, like “Statistical model”, “Diarrhea”, “Dengue”, “Ecosystem and biodiversity”, and “Zoonoses”, are far from the research core, and do not connect closely with other subfield studies within the overall research network, and thus are neither mature nor the central topics in this field. They need more attention from researchers. However, research on some meteorological factors, such as “Greenhouse effect” and “Rain”, remain unstable or undeveloped, and have shifted from the central to the edge of the whole research field.




4.2. Limitations and Future Work


This present study has several potential limitations, which might encourage further research efforts. These include the research output of the target field being only represented by the publications in a single database. Bias could arise in terms of an underestimation or unbalanced estimation of each subfield. However, PubMed, as used in this study, is a world-renowned authoritative bibliographic database for biomedicine, from which the relevant literature could represent the research status on climate-related infectious diseases well, to certain degree. The second potential limitation is that as climate change and infectious diseases are closely related to national security and defense, due to their direct or indirect military applications, it is possible that part of the publications were not open to the public research community, thus they could not be included in the present bibliometric study for analysis. However, based on the open publications, the tendency and hotspots in the field can still be drawn. We plan to utilize diverse databases for further analyses in future studies.





5. Conclusions


While there is rising global attention to climate change, there is also increased research productivity in the field of climate change-related infectious diseases, which has been supported by a wide range of subject categories. At present, some significant public health challenges (global health, travel and tropical climate, etc.) are at the center of the whole target research network. “Statistical model”, “Diarrhea”, “Dengue”, “Ecosystem and biodiversity”, and “Zoonoses” were considered as emerging hotspots during the last ten years, but they still need more attention for further development. The present study provides the academic community and policymakers with baseline information in this field. Additionally, it provides a framework of the bibliometric analysis, co-word biclustering analysis, and strategic diagram on the scientific productions from a quantitative and contents points of view. The framework can assist the researchers to clarify the history, development, and trend in themes in the target field.








Supplementary Materials


The following are available online at https://www.mdpi.com/1660-4601/17/14/5228/s1: Table S1: Search strategy for retrieval of literature on climate change and infectious diseases from PubMed; Table S2: High-frequency major MeSH/Subheading combination terms from the included articles on climate and infectious diseases in 1999–2008; Table S3: High-frequency major MeSH/Subheading combination terms from the included articles on climate and infectious diseases in 2009–2018.





Author Contributions


Conceptualization, F.L. and P.G.; methodology, F.L. and P.G.; software, F.L.; validation, H.Z., D.-S.H. and P.G.; formal analysis, F.L. and H.Z.; investigation, F.L. and H.Z.; resources, F.L., D.-S.H. and P.G.; data curation, F.L.; writing (original draft preparation), P.G.; writing (review and editing), F.L., H.Z. and D.-S.H.; visualization, F.L.; supervision, P.G.; project administration, P.G.; funding acquisition, F.L., D.-S.H. and P.G. All of the authors have read and agreed to the published version of the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the National Natural Science Foundation of China, grant numbers 71974199 and 71573275; the Science Foundation of Liaoning Provincial Department of Education of China, grant number JCRW2020006; and the Liaoning Natural Science Foundation of China, grant number 2020-MS-159.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



McMichael, C. Human mobility, climate change, and health: Unpacking the connections. Lancet Planet Health 2020, 4, e217–e218. [Google Scholar] [CrossRef]

	



Gartin, M.; Larson, K.L.; Brewis, A.; Stotts, R.; Wutich, A.; White, D.; du Bray, M. Climate change as an involuntary exposure: A comparative risk perception study from six countries across the global development gradient. Int. J. Environ. Res. Public Health 2020, 17, 1894. [Google Scholar] [CrossRef]

	



Wu, X.; Lu, Y.; Zhou, S.; Chen, L.; Xu, B. Impact of climate change on human infectious diseases: Empirical evidence and human adaptation. Environ. Int. 2016, 86, 14–23. [Google Scholar] [CrossRef]

	



Filho, W.L.; Scheday, S.; Boenecke, J.; Gogoi, A.; Maharaj, A.; Korovou, S. Climate change, health and mosquito-borne diseases:Trends and implications to the pacific region. Int. J. Environ. Res. Public Health 2019, 16, 5114. [Google Scholar] [CrossRef] [PubMed]

	



Liu, J.; Wu, X.; Li, C.; Xu, B.; Hu, L.; Chen, J.; Dai, S. Identification of weather variables sensitive to dysentery in disease-affected county of China. Sci. Total Environ. 2017, 575, 956–962. [Google Scholar] [CrossRef]

	



Smith, J.; Taylor, E.M. What is next for NTDs in the era of the sustainable development goals? PLoS Negl. Trop. Dis. 2016, 10, e0004719. [Google Scholar] [CrossRef] [PubMed]

	



Helm, D. Climate policy: The Kyoto approach has failed. Nature 2012, 491, 663–665. [Google Scholar] [CrossRef] [PubMed]

	



Rogelj, J.; McCollum, D.L.; Reisinger, A.; Meinshausen, M.; Riahi, K. Probabilistic cost estimates for climate change mitigation. Nature 2013, 493, 79–83. [Google Scholar] [CrossRef]

	



Altizer, S.; Ostfeld, R.S.; Johnson, P.T.; Kutz, S.; Harvell, C.D. Climate change and infectious diseases: From evidence to a predictive framework. Science 2013, 341, 514–519. [Google Scholar] [CrossRef]

	



McMichael, A.J.; Woodruff, R.E.; Hales, S. Climate change and human health: Present and future risks. Lancet 2006, 367, 859–869. [Google Scholar] [CrossRef]

	



Dora, C.; Haines, A.; Balbus, J.; Fletcher, E.; Adair-Rohani, H.; Alabaster, G.; Hossain, R.; de Onis, M.; Branca, F.; Neira, M. Indicators linking health and sustainability in the post-2015 development agenda. Lancet 2015, 385, 380–391. [Google Scholar] [CrossRef]

	



Kilpatrick, A.M.; Randolph, S.E. Drivers, dynamics, and control of emerging vector-borne zoonotic diseases. Lancet 2012, 380, 1946–1955. [Google Scholar] [CrossRef]

	



Axelsen, J.B.; Yaari, R.; Grenfell, B.T.; Stone, L. Multiannual forecasting of seasonal influenza dynamics reveals climatic and evolutionary drivers. Proc. Natl. Acad. Sci. USA. 2014, 111, 9538–9542. [Google Scholar] [CrossRef]

	



Patz, J.A.; Frumkin, H.; Holloway, T.; Vimont, D.J.; Haines, A. Climate change: Challenges and opportunities for global health. J. Am. Med. Assoc. 2014, 312, 1565–1580. [Google Scholar] [CrossRef] [PubMed]

	



Shuman, E.K. Global climate change and infectious diseases. N. Engl. J. Med. 2010, 362, 1061–1063. [Google Scholar] [CrossRef] [PubMed]

	



Konrad, S.K.; Miller, S.N. A temperature-limited assessment of the risk of Rift Valley fever transmission and establishment in the continental United States of America. Geosp. Health 2012, 6, 161–170. [Google Scholar] [CrossRef] [PubMed]

	



Massad, E.; Coutinho, F.A.; Lopez, L.F.; Da, S.D. Modeling the impact of global warming on vector-borne infections. Phys. Life Rev. 2011, 8, 169–199. [Google Scholar] [CrossRef]

	



Ramasamy, R.; Surendran, S.N. Possible impact of rising sea levels on vector-borne infectious diseases. BMC Infect Dis. 2011, 11, 18. [Google Scholar] [CrossRef]

	



Hertig, E. Distribution of Anopheles vectors and potential malaria transmission stability in Europe and the Mediterranean area under future climate change. Parasites Vectors 2019, 12, 18. [Google Scholar] [CrossRef]

	



Xiang, J.; Hansen, A.; Liu, Q.; Tong, M.X.; Liu, X.; Sun, Y.; Cameron, S.; Hanson-Easey, S.; Han, G.S.; Williams, C.; et al. Association between malaria incidence and meteorological factors: A multi-location study in China, 2005–2012. Epidemiol. Infect 2018, 146, 89–99. [Google Scholar] [CrossRef]

	



Hongoh, V.; Gosselin, P.; Michel, P.; Ravel, A.; Waaub, J.P.; Campagna, C.; Samoura, K. Criteria for the prioritization of public health interventions for climate-sensitive vector-borne diseases in Quebec. PLoS ONE 2017, 12, e0190049. [Google Scholar] [CrossRef] [PubMed]

	



Tong, M.X.; Hansen, A.; Hanson-Easey, S.; Cameron, S.; Xiang, J.; Liu, Q.; Liu, X.; Sun, Y.; Weinstein, P.; Han, G.S.; et al. Perceptions of malaria control and prevention in an era of climate change: A cross-sectional survey among CDC staff in China. Malar J. 2017, 16, 136. [Google Scholar] [CrossRef] [PubMed]

	



Moore, S.; Shrestha, S.; Tomlinson, K.W.; Vuong, H. Predicting the effect of climate change on African trypanosomiasis: Integrating epidemiology with parasite and vector biology. J. R. Soc. Interface 2012, 9, 817–830. [Google Scholar] [CrossRef]

	



Thai, K.T.; Anders, K.L. The role of climate variability and change in the transmission dynamics and geographic distribution of dengue. Exp. Biol. Med. (Maywood) 2011, 236, 944–954. [Google Scholar] [CrossRef] [PubMed]

	



Bai, Y.L.; Huang, D.S.; Liu, J.; Li, D.Q.; Guan, P. Effect of meteorological factors on influenza-like illness from 2012 to 2015 in Huludao, a northeastern city in China. PeerJ 2019, 7, e6919. [Google Scholar] [CrossRef]

	



Bai, X.H.; Peng, C.; Jiang, T.; Hu, Z.M.; Huang, D.S.; Guan, P. Distribution of geographical scale, data aggregation unit and period in the correlation analysis between temperature and incidence of HFRS in mainland China: A systematic review of 27 ecological studies. PLoS Negl. Trop. Dis. 2019, 13, e0007688. [Google Scholar] [CrossRef]

	



Cheng, Q.; Jing, Q.; Spear, R.C.; Marshall, J.M.; Yang, Z.; Gong, P. Climate and the timing of imported cases as determinants of the dengue outbreak in Guangzhou, 2014: Evidence from a mathematical model. PLoS Negl. Trop. Dis. 2016, 10, e0004417. [Google Scholar] [CrossRef]

	



Dicko, A.H.; Percoma, L.; Sow, A.; Adam, Y.; Mahama, C.; Sidibe, I.; Dayo, G.K.; Thevenon, S.; Fonta, W.; Sanfo, S.; et al. A spatio-temporal model of African animal trypanosomosis risk. PLoS Negl. Trop. Dis. 2015, 9, e0003921. [Google Scholar] [CrossRef] [PubMed]

	



Githeko, A.K.; Lindsay, S.W.; Confalonieri, U.E.; Patz, J.A. Climate change and vector-borne diseases: A regional analysis. Bull. WHO 2000, 78, 1136–1147. [Google Scholar]

	



Randolph, S.E. Tick-borne encephalitis virus, ticks and humans: Short-term and long-term dynamics. Curr. Opin. Infect Dis. 2008, 21, 462–467. [Google Scholar] [CrossRef]

	



Mas-Tur, A.; Guijarro, M.; Carrilero, A. The influence of the circular economy: Exploring the knowledge base. Sustainability 2019, 11, 4367. [Google Scholar] [CrossRef]

	



Chantre-Astaiza, A.; Fuentes-Moraleda, L.; Muñoz-Mazón, A.; Ramirez-Gonzalez, G. Science mapping of tourist mobility 1980–2019. technological advancements in the collection of the data for tourist traceability. Sustainability 2019, 11, 4738. [Google Scholar] [CrossRef]

	



Cui, L.; Liu, W.; Yan, L.; Zhang, H.; Hou, Y.; Huang, Y.; Zhang, H. Development of a text mining system based on the co-occurrence of bibliographic items in literature databases. New Technol. Libr. Inf. Serv. 2008, 4, 70–75. [Google Scholar]

	



Li, F.; Li, M.; Guan, P.; Ma, S.; Cui, L. Mapping publication trends and identifying hot spots of research on Internet health information seeking behavior: A quantitative and co-word biclustering analysis. J. Med. Internet Res. 2015, 17, e81. [Google Scholar] [CrossRef]

	



Zhang, S.; Liu, C.; Chang, Y. Selection research of keywords in co-word clustered based on the g-index of word frequency—Taking educational technology master thesis as an example. Mod. Educ. Technol. 2013, 23, 53–57. [Google Scholar]

	



Egghe, L. Theory and practise of the g-Index. Scientometrics 2006, 69, 131–152. [Google Scholar] [CrossRef]

	



Yang, A.; Ma, X.; Zhang, F.; Xue, W. Application research of g-index in the topic words of co-word analysis. J. Intell. 2012, 74, 52–55. [Google Scholar]

	



Rasmussen, M.; Karypis, G. gCLUTO: An Interactive Clustering, Visualization, and Analysis System. CSE/UMN Technical Report: TR# 04–021. 2004. Available online: http://glaros.dtc.umn.edu/gkhome/node/174 (accessed on 25 May 2004).

	



Law, J.; Bauin, S.; Courtial, J.P.; Whittaker, J. Policy and the mapping of scientific change: A co-word analysis of research into environmental acidification. Scientometrics 1988, 14, 251–264. [Google Scholar] [CrossRef]

	



Guo, D.; Chen, H.; Long, R.; Lu, H.; Long, Q. A co-word analysis of organizational constraints for maintaining sustainability. Sustainability 2017, 9, 1928. [Google Scholar] [CrossRef]

	



Callon, M.; Courtial, J.P.; Laville, F. Co-word analysis as a tool for describing the network of interactions between basic and technological research: The case of polymer chemsitry. Scientometrics 1991, 22, 155–205. [Google Scholar] [CrossRef]

	



Bauin, S.; Michelet, B.; Schweighoffer, M.G.; Vermeulin, P. Using bibliometrics in strategic analysis: “understanding chemical reactions” at the CNRS. Scientometrics 1991, 22, 113–137. [Google Scholar] [CrossRef]

	



Xu, Q.; Gel, Y.R.; Ramirez, R.L.; Nezafati, K.; Zhang, Q.; Tsui, K.L. Forecasting influenza in Hong Kong with Google search queries and statistical model fusion. PLoS ONE 2017, 12, e0176690. [Google Scholar] [CrossRef] [PubMed]

	



Zhao, D.; Wang, L.; Cheng, J.; Xu, J.; Xu, Z.; Xie, M.; Yang, H.; Li, K.; Wen, L.; Wang, X.; et al. Impact of weather factors on hand, foot and mouth disease, and its role in short-term incidence trend forecast in Huainan City, Anhui Province. Int. J. Biometeorol. 2017, 61, 453–461. [Google Scholar] [CrossRef] [PubMed]

	



Wu, X.; Hu, S.; Kwaku, A.B.; Li, Q.; Luo, K.; Zhou, Y.; Tan, H. Spatio-temporal clustering analysis and its determinants of hand, foot and mouth disease in Hunan, China, 2009–2015. BMC Infect Dis. 2017, 17, 645. [Google Scholar] [CrossRef] [PubMed]








[image: Ijerph 17 05228 g001 550] 





Figure 1. Temporal distribution of research output about climate change and infectious diseases (PubMed sourced). 
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Figure 2. Publication places of journals publishing articles on climate change and infectious diseases. (a) Publication places of journals publishing relevant articles from 1999 to 2008; (b) publication places of journals publishing relevant articles from 2009 to 2018. 
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Figure 3. Mountain and matrix visualization of biclustering of highly-frequent major medical subject headings (MeSH)/subheading combination terms and articles on climate change and infectious diseases from 1999 to 2008. 
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Figure 4. Mountain and matrix visualization of biclustering of highly-frequent major MeSH/subheading combination terms and articles on climate change and infectious diseases from 2009 to 2018. 
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Figure 5. Strategic diagrams of hotspots in research output on climate change and infectious diseases from 1999 to 2008 and from 2009 to 2018. (a) Strategic diagrams of hotspot from 1999 to 2008; (b) strategic diagrams of hotspots from 2009 to 2018. € Q stands for quadrant. Clusters inside each strategic diagram refer to the clustering results shown in Table 2. The descriptions indicated by arrows are the hotspots of each cluster. The words in the red font represent the exclusive hotspot research topics in the first decade or the second decade. 






Figure 5. Strategic diagrams of hotspots in research output on climate change and infectious diseases from 1999 to 2008 and from 2009 to 2018. (a) Strategic diagrams of hotspot from 1999 to 2008; (b) strategic diagrams of hotspots from 2009 to 2018. € Q stands for quadrant. Clusters inside each strategic diagram refer to the clustering results shown in Table 2. The descriptions indicated by arrows are the hotspots of each cluster. The words in the red font represent the exclusive hotspot research topics in the first decade or the second decade.



[image: Ijerph 17 05228 g005]







[image: Table] 





Table 1. Most active journals of publications on climate change and infectious diseases in PubMed (1999–2008 and 2009–2018).






Table 1. Most active journals of publications on climate change and infectious diseases in PubMed (1999–2008 and 2009–2018).





	
Period

	
Rank

	
Most Active Journals

	
Languages

	
Publication Places

	
Number of Publications

	
Percentage (%)






	
1999–2008

	
1

	
Emerging Infectious Diseases

	
English

	
United States

	
11

	
2.99




	
2

	
Journal of Travel Medicine

	
English

	
England

	
9

	
2.45




	
3

	
Annals of the New York Academy of Sciences

	
English

	
United States

	
6

	
1.63




	
4

	
International Journal of Health Geographics

	
English

	
England

	
6

	
1.63




	
5

	
Medecine Tropicale: Revue du Corps de Sante Colonial

	
French

	
France

	
6

	
1.63




	
6

	
Proceedings of the National Academy of Sciences of the United States of America

	
English

	
United States

	
5

	
1.36




	
7

	
Epidemiology and Infection

	
English

	
England

	
5

	
1.36




	
8

	
Revue Scientifique et Technique (International Office of Epizootics)

	
English, French, Spanish

	
France

	
5

	
1.36




	
9

	
Nature

	
English

	
England

	
5

	
1.36




	
10

	
New South Wales Public Health Bulletin

	
English

	
Australia

	
5

	
1.36




	
Total

	

	

	

	
63

	
17.12




	
2009–2018

	
1

	
PLoS One

	
English

	
United States

	
64

	
5.93




	
2

	
International Journal of Environmental Research and Public Health

	
English

	
Switzerland

	
31

	
2.87




	
3

	
Epidemiology and Infection

	
English

	
England

	
25

	
2.32




	
4

	
BMC Infectious Diseases

	
English

	
England

	
23

	
2.13




	
5

	
PLoS Neglected Tropical Diseases

	
English

	
United States

	
23

	
2.13




	
6

	
Przeglad Epidemiologiczny

	
English, Polish

	
Poland

	
18

	
1.67




	
7

	
Proceedings of the National Academy of Sciences of the United States of America

	
English

	
United States

	
18

	
1.67




	
8

	
Communicable Diseases Intelligence Quarterly Report

	
English

	
United States

	
17

	
1.58




	
9

	
Emerging Infectious Diseases

	
English

	
United States

	
17

	
1.58




	
10

	
Global Health Action

	
English

	
United States

	
16

	
1.48




	
Total

	

	

	

	
252

	
23.35
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Table 2. Hotspots of climate change and infectious diseases explored by biclustering analysis of high-frequency major MeSH/subheading combination terms in 1999–2008 and 2009–2018.






Table 2. Hotspots of climate change and infectious diseases explored by biclustering analysis of high-frequency major MeSH/subheading combination terms in 1999–2008 and 2009–2018.





	
Period

	
Cluster

	
Term * No.

	
Cluster Analysis






	
1999–2008

	
0

	
22, 25, 5, 9, 26

	
1. Fever, malaria, and endemic diseases;

2. Travel and tropical climate




	
1

	
17, 19, 2, 10, 12

	
1. Global health

2. Public health




	
2

	
16, 13, 6, 11, 4, 15

	
1. Human influenza and emerging communicable diseases

2. Season

3. Biological models




	
3

	
21, 20, 18, 8, 3, 14, 1, 23, 24, 7

	
1. Etiology, transmission, and control of communicable diseases

2. Greenhouse effect, disasters, environment, and rain




	
2009–2018

	
0

	
36, 4, 10, 15, 19, 35

	
1. Gastroenteritis and hand, foot, and mouth disease

2. Disease outbreaks

3. Environment




	
1

	
18, 32, 39, 30, 22, 7, 11

	
1. Temperature and rain

2. Diarrhea, malaria, and dengue




	
2

	
24, 12, 21, 31, 20, 5, 2, 1, 28

	
1. Travel and tropical climate

2. Epidemiology, transmission, and methods, organization, and administration of communicable diseases

3. Global health




	
3

	
34, 23, 17, 8, 3, 9, 27, 29

	
1.Human influenza and epidemics

2. Statistical and biological model

3. Season




	
4

	
26, 25, 13, 37, 38, 6, 16, 14, 33

	
1. Greenhouse effect

2. Ecosystem and biodiversity

3. Public health

4. Emerging communicable diseases and zoonoses








* Term refers to the high-frequency major MeSH/subheading combination term.
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