30 years of parasitology research analysed by text mining.
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Abstract

Bibliometric methods were used to analyse the major research trends, themes and topics over
the last 30 years in the parasitology discipline. The tools used were SciMAT, VOSviewer and
SWIFT-Review in conjunction with the parasitology literature contained in the MEDLINE,
Web of Science, Scopus and Dimensions databases. The analyses show that the major
research themes are dynamic and continually changing with time, although some themes
identified based on keywords such as malaria, nematode, epidemiology and phylogeny are
consistently referenced over time. We note the major impact of countries like Brazil have had
on the literature of parasitology research. The increase in recent ‘times of research
productivity on “antiparasitics” is discussed, as well as the change in emphasis on different
antiparasitic drugs and insecticides over time. In summary;, innovation in parasitology is
global, extensive, multidisciplinary, constantly .evolving and closely aligned with the

availability of technology.
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Introduction

The bibliographic and bibliometric analyses of the parasitology literature is still in its infancy,
despite the discipline being active in publications for well over 100 years. Falagas et al.
investigated the research productivity of different regions of the world in parasitology
(Falagas et al., 2006). They studied 18 well known parasitology journals that contained
18,377 articles on parasitology. They highlighted the importance of the contributions from
Western Europe and the USA to the discipline.

Other studies have highlighted the importance of South America in studies on malaria,
leishmanisiasis and Chagas disease. Garrido-Cardenas and colleagues.recently analysed the
parasitology literature present in the Scopus database (Garrido-Cardenas et al., 2018). They
highlight the importance of technology that have led to major.advances in our knowledge on
parasitic organisms; for example, the in vitro culture of parasites, electron microscopy,
immunology and molecular biology to name a few of the contributing technologies. Of
interest was the additional fact that 20% of the literature they studied were in languages other
than English. Analyses of keywords highlighted the prominence of malaria research as well
as the contribution of technology such as PCR, pathology and immunology to the discipline
of parasitology.

Several bibliometric analyses related to the malaria literature have been performed,
including malaria in pregnancy (van Eijk ef al., 2012), insecticide resistance (Sweileh et al.,
2016) and malaria drug resistance (Sweileh et al., 2017). There have also been studies
focusing on malaria in specific countries such as Malawi (Mwendera et al., 2017) and India
(Gupta & Bala, 2011; Singh & Mahanty, 2019). Most of these studies have, however
concentrated on identifying the journals where most of the work is published, the dominant

authors and institutions publishing the studies, the most productive countries, and publication
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type. Analyses of the themes or topics of the research are usually limited to simple database
or keyword searches.

The published literature on Strongyloides was recently analysed for its content and
change over time since 1968 (Sweileh, 2019). The fatal consequences of disseminated
infection and hyperinfection syndrome were identified as the main reason behind the growth
of research into strongyloidiasis. Of interest to this study was that research themes were
identified by analysing terms used in the title and abstract with a minimum occurrence of 20.
The analyses identified four main clusters of research that focused on (1) immunosuppression
and corticosteroids as risk factors for hyperinfection and disseminated strongyloidiasis; (2)
epidemiology and prevalence of the disease; (3) treatment. using ivermectin and other
medications; and (4) diagnosis and new techniques suchas PCR and ELISA. These analyses
show the power of bibliometrics to identify research.themes and topics in any scientific
discipline.

Bibliometrics is a well-developed area of informatics that uses tools and methods for
identifying new information from text that is present in a wide variety of sources (Moral-
Muiioz et al., 2020). This may include twitter feeds, websites, books and scientific articles in
databases. In the biomedical sciences, this is an active area of research, especially at a time
when the scientific literature continues to expand at an increasing rate (Cohen & Hersh, 2005;
Lu, 2011). In this study, we investigate the peer-reviewed literature on parasitology published
over the last 30 years, by using bibliometric methods to identify the major trends in
parasitology research. Our aim was to ultimately define the major themes, topics and trends
that exist in the parasitology discipline by the dominance of key words. Networks and
clusters were constructed based on co-occurrence of words found in publications identified
by database searches. The results show convincingly that parasitology research is dynamic,

continually changing in time, and closely aligned to the availability of technology.
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Methodology
Database searches

Four publicly available databases were used in this study;  Scopus

(https://www.elsevier.com/en-au/solutions/scopus), Web of Science (WoS,
https://clarivate.com/webofsciencegroup/solutions/web-of-science/), Dimensions
(https://app.dimensions.ai/discover/publication) and MEDLINE

(https://www.ncbi.nlm.nih.gov/pubmed). All were accessed through the ‘University library

catalogue, except MEDLINE that was accessed via the. Pubmed interface

(https://www.ncbi.nlm.nih.gov/pubmed/). A variety of search strategies were used to identify

parasitology literature in the databases, taking advantage of the intrinsic features of the
different databases; for example when using MEDLINE the advanced search option was used
with the MeSH subheadings ("parasitology"[MeSH Subheading]) AND ("1989"[Date -

Publication]: "2019"[Date - Publication}).

Analyses using SciMAT
Fig. 1 provides an overview of the bibliometric analyses conducted using peer-reviewed
publication data.from the Web of Science, Dimensions and the PubMed databases.

Science mapping was performed using SciIMAT v1.1.04 (Cobo et al., 2012), using the
general workflow described elsewhere (Cobo ef al., 2011). The dataset used was from the
WoS category Parasitology (~109,000 publications) which was exported from the WoS. In
SciMAT, singular and plural versions of the same words were grouped and words were also
grouped by distance using the inbuilt search engine. This allows words with similar meaning
but different spelling (eg leishmaniasis and leishmaniosis) to be grouped by curation. Short

three letter words (such as gene names) were discarded when they appeared in the search. In
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preliminary analyses, normalisation was performed using the equivalence index; minimum
frequency = 10, edge reduction value =5, the simple centers algorithm was used, minimum
network size = 5, evolution and overlapping maps used the Jaccard and inclusion indices
respectfully. The workflow produces a strategic diagram that identifies four main types of
themes: motor-themes that are well-developed and important to a discipline (upper-right hand
quadrant), themes of marginal importance (upper-left hand quadrant), emerging or
disappearing themes (lower-left hand quadrant) and under developed yet important themes
for a discipline (lower-right hand quadrant).

Performance analyses of clusters identified in SciMAT ¢was ‘performed in the
following way. The initial scoping analyses described above identified clusters containing a
range of broad terms. Stop words were therefore introdueced into SciMAT in order to prevent
these words from being included in the analyses. These:included:

1. Countries, geographical locations<and' geographical regions eg Brazil, Southern

Brazil, Amazon.

2. Technologies such as ELISA; western blot, and terms related to microscopy,
comparative genomics, DNA sequencing terms and mouse models (e.g. Balb/c, nude).

These represent common technologies used in Parasitology.

3. Variations on.* parasite(s) e.g. gastrointestinal parasites, cattle parasites.

4. Taxonomic groups higher than genus (e.g. Myxozoa, Cestoda).

5. Other terms that were identified (e.g. N. sp.).

6. Species names (e.g. Plasmodium falciparum, P. falciparum) were merged as they
represent the same entity.

Using the new dataset, new clusters were built in ScIMAT using normalisation by the

equivalence index; minimum frequency = 60, edge reduction value =5, the simple centers

algorithm was used, minimum network size = 5, maximum network size = 100, evolution
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and overlapping maps used the Jaccard and inclusion indices respectfully. For each

cluster, the number of documents, citations and H-index was recorded.

Analyses in VOSviewer

Network and cluster analyses on co-occurrence of words was performed in VOSviewer
v1.6.14 (van Eck & Waltman, 2010). The full citation records present in databases were
either (1) exported from the WoS in batches of 500 in plain text format, or (2) exported from
Dimensions as a csv file in VOSviewer format. Data was initially imported into the DB
Browser for SQLite in order to check for the presence of duplicate references using SQL. The
data was then imported into VOSviewer using the Create Map.option from text data using the
following parameters: Title field, fractional counting method, minimum occurrences of a
term = 20, scores calculated for 1500 or 2000 of the'most important terms and only connected

terms were displayed in the network.

Analyses in SWIFT-Review
In order to highlight an alternative approach for analyses, publications were further analysed
in SWIFT-Review v143 (Howard et al., 2016); the data from a MEDLINE search was
exported to acfile as_a PMID list, which was then imported into SWIFT-Review. Topic
modelling was used to identify key words (such as species and countries) associated with that
topic. The Tag Browser in SWIFT-Review was used for easy access to MeSH categories.
Citations of individual publications were examined in either Scopus or the NIH iCite
open citation collection (Hutchins ef al, 2019) that was accessed online

(https://icite.od.nih.gov/analysis). Publications were ranked according to number of citations

before review.
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Results

Comments on databases

A search of MEDLINE identified 154,533 publications relating to parasitology published
over the period 1989 to 2019, inclusive (Table 1). Up until 2010, the number of publications
gradually increased leading to a plateau of around 7500 papers/year suggesting productivity
was relatively constant since then (not shown). In the case of WoS, publication numbers
increased to 2012, after which ~6700 papers were published each year. It should be noted that
Scopus contains the highest number of articles, which includes book chapters, conference
articles and editorials.

Table 1 shows four of the most commonly used databases and ten of the most popular
Journals where papers in the parasitology discipline are published. Although the searches of
the databases are not identical; they are presented to highlight the diversity of the data
contained in them and that the searches identify different amounts of content assigned to the
different journals. For example, the -Web of Science category (Parasitology) does not
necessarily include all journals publishing parasitology papers, as shown by the omission of
papers from PLoS One. The content of the different databases therefore differs considerably
across the Parasitology discipline. The total number of entries returned by the searches differ

significantly, ranging from 436,490 (Scopus) to 122,335 (WoS).

Web of Science

The WoS database has traditionally been used for bibliometric analyses due to the availability
of citation data and an API. Consequently, we used this database initially for further analyses.
A simple topic search of WoS with the keyword “Parasitology” for the years 1989 to 2019
inclusive identified 6,874 published papers (accessed 30/1/2020). If the topic search was

expanded to “Parasitology OR parasite” the number of papers identified increased
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significantly to 155,355, reflecting the fact that the term “parasite” more commonly appears
in publications, such as in the abstract or title. This count also includes early access papers in
each year that have been published online but not assigned to a journal volume/issue with
page numbers.

An overview of the WoS categories containing publications in Parasitology is shown
in Fig. 2. The data set crosses a wide range of WoS categories including “tropical medicine”,
“veterinary sciences”, “biochemistry” and “molecular biology” and “immunology” amongst

b

many others. Clearly, this figure shows that “Parasitology” is made up.of a very wide
multitude of disciplines and themes.

As a preliminary study in order to generate a simple.overview of the Parasitology
field, a small dataset from the WoS (search term.  Parasitology, 1989-2019, 6,874
publications) was analysed in VOSviewer. Thiswapproach was adopted because of its
simplicity of implementation. Using a cluster.resolution of 2, 27 clusters were generated, and
these are summarised in Supplementary Material 1 and represented in Fig. 3. In the
Supplementary Material 1, keywords, names of parasite species, diseases and Countries
mentioned are referenced in a breakdown of the content for each Cluster. For example,
cluster 10 identifies a global effort across many countries to understand prevalence and
transmission of. echinococcosis and cysticercosis, and cluster 11 identifies Brazil as a
significant country associated with research into “helminth infections”, “treatment of
parasitic diseases” and “children”.

The main nodes in Fig. 3. represent the high representation of use of specific words
representing key themes in Parasitology and the network represents the links between them.

For example, research into malaria is clearly highly represented as a major node linked to

many others, and the nodes resistance, sheep, ivermectin and Haemonchus contortus are also

Downloaded from https://www.cambridge.org/core. University of Technology Sydney, on 01 Sep 2020 at 23:32:41, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/50031182020001596


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0031182020001596
https://www.cambridge.org/core

strongly represented. Other key terms include expression, diagnosis and Toxoplasma gondii
stand out in this figure.

The WosS category “Parasitology” identifies ~109,000 published papers (see Table 1),
comprising 102,278 articles and 6,755 reviews. The bibliometric data from WoS was
imported into SciIMAT for analyses by word co-occurrence and identifying the main themes
and numbers of documents that contain those words (as simple document counts). The results
of these exploratory analyses (using a minimum frequency of 10) are summarised in Table 2
and example strategic diagrams are shown in Fig. 4. The first point to make.is that each five-
year period analysed contains very different themes in each of the four categories analysed
(motor, marginal, emerging/declining, transversal/basic). This.shows the rapid and dynamic
nature of the parasitology discipline and how it changes significantly over time. A number of
research themes are constantly referred to over this-time period and are therefore important to
the discipline of parasitology. For example, in the 1995-1999 window “phylogeny” was
identified as an emerging theme, while in 2000-2004 it appears as a major motor theme.
Between 2015 and 2019, “phylogeny” is a motor theme while “phylogenetic analyses” is an
important transversal and basic theme.

Over the entire period-studied, research on malaria, Trypanosoma brucei, Schistosoma
mansoni and the nematodes tends to dominate. From the 2000 timeline, we note the
emergence of “immunology”, “cytokines”, “NF-Kappa-B” and “dendritic cells” as important
contributors to parasitology research; from a technology point of view we are able to record
the presence of “ELISA” and “PCR”. In terms of parasite control, major themes include
“anthelmintic resistance”, “ivermectin treatment”, “inhibitors”, “efficacy”, “vaccine” and
“vaccination”.

In order to build a strategic map for Parasitology representing only the entire period of

1989-2019, various categories of stopwords were subsequently introduced into the dataset in
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order to reduce the appearance of generic terms as clusters. Initially the minimum frequency
parameter of ScIMAT was varied over the range 20-100 in an attempt to obtain ~20-30
clusters in the strategic diagram. Fig. 5 shows the strategic map obtained using a minimum
frequency of 60. The performance characteristics of these clusters are shown in Table 3. A
cluster associated with “MALARIA” was associated with the highest number of documents,
citations and H-index over the time period studied; other important species identified (in rank
order according to H-index) were S. mansoni, T. brucei, Aedes aegypti, Haemonchus
contortus, Boophilus microplus and Toxocara canis. Key diseases include Malaria, Visceral
leishmaniasis and onchocerciasis, with abortion and cardiomyopathy.as:disease outcomes.
Terms representing key research areas include prevalence, . dendritic cells, antibody
responses, virulence, phylogeny, ecology, prevention and host cell invasion. Of the clusters
identified, only one (Crystal structure) relating primarily to HIV was not completely focussed
on parasitology. Nevertheless the influence of HIV in parasitology and human health is

highly significant and has been extensively studied (Barratt ez al., 2010; Stark et al., 2009).

Dimensions database

The Dimensions database was also used to investigate research trends in Parasitology. A
simple search of Dimensions using “parasite” in title or abstract for the years 1989 to 2019
identified 173,766 publications in total of which 163,966 matched the database criterion for a
research article (viewed 17/4/2020). Approximately 45% of these publications were
published in some form of open access (as determined by one of the core features of the
database (Table 4), with Gold Open Access showing the lowest average number of citations
per paper. The numbers of publications increased almost linearly over the time period
analysed. If one allows for a lag in publications receiving citations (by restricting the data set

to publications for the years 1989-2013 inclusive), ~8% of publications do not receive a
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citation, ~62% receive at least 10 citations, 6% receive at least 100 citations and 0.25%
receive 500 or more citations.

Complete bibliographic data from 173,766 publications were imported into
VOSviewer for analyses. Dimensions does not include author keywords or abstracts and so
the analysis was restricted to the most important 2000 words appearing in article titles
providing a high-level overview of the discipline of parasitology. Eleven main clusters were
identified (Fig. 6) and are summarised in Table 5. The network is dominated by seven main
themes (clusters 1-6 and 8). The search for new drugs or inhibitors for the three main
neglected tropical diseases (NTDs) (malaria, trypanosomiasis and leishmaniasis) dominates
cluster 1 “Synthesis”. Cluster 2 is dominated by “child “health” and “malaria” or
“gastrointestinal parasites”; cluster 3 contains studies <on a wide range of Insects - the
Hymenoptera; cluster 4 is dominated by fish parasite studies mainly on Nematodes; this
overlaps considerably with cluster 5. Cluster.6 reflects drug treatment of falciparum malaria.
Cluster 8 demonstrates the considerable-contribution made to parasitology by a wide range of
studies emerging from Brazil. Four additional small, specialist clusters exist on parasites of
molluscs (cluster 7), parasitic plants (cluster 9), nuclear magnetic resonance (cluster 11) and

the publishing trend of‘depositing sequence data in GenBank (cluster 10).

Comparison between 1989-1993 and 2015-2019

SWIFT-Review was used to investigate trends in parasitology for the two time periods that
represent the extremes of the 30-year time span (n= 12,161 and 35,174 publications,
respectively). In the first instance, the power of SWIFT-review to generate topic models was
used to prepare lists of topics for each time period (Supplementary Material 2). Lay
descriptions are provided for the top 30 topic models as a way of providing an interpretation

of that model. Although subjective, it does provide a way of labelling the topic. Consistently
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it can be observed that certain technology is common to both time periods; “in vitro culture”,
“ELISA” and “electron microscopy’ appear in both lists. In recent times, the emergence of “-
omics” technology, “molecular analyses” and “diagnostics” is apparent.

Topics associated with “antiparasitics” were chosen for further study, as parasite
control is an important theme in parasitology. The Tag Browser in SWIFT-Review allows
easy access to MeSH categories and so MeSH Pharmacological Actions was used here to
identify the number of publications appearing in the categories relevant to “antiparasitic
agents” (Table 6).

The data indicates that during the two time periods the number of papers being
published on antiparasitic agents has increased significantly, with the greatest change being
associated with antiprotozoal agents. The MeSH term “antiprotozoal agents” is made up of
five sub-categories and they were also investigatedin order to explain the change (Table 7).
The increase is partly explained by an dncrease. in studies on “antimalarials” and to a
significantly less extent the other sub-categories, including the “nitroimidazoles”. Studies on
“anthelmintics” and “insecticides’’ haveralso increased, but to a lesser extent.

Over-represented words in the two datasets were investigated by generating
fingerprints and word «clouds” in SWIFT-Review. Examples of word clouds emerging from
these analysesiare present in Supplementary Materials 3. If the word clouds are compared for
the antiprotozoal agents, we can see that between 1989-1993, the literature was dominated by
studies on “chloroquine” and “albendazole”, and to a lesser extent by terms such as “drug
resistance”, “metronidazole” and “pyrimethamine”. In the time period 2015-2019,
“artemisinins” and ‘“‘albendazole” emerge as the two main terms; this point is emphasised by
the word clouds generated by the antimalarials category. In amebicides we can document the

rise of “amphotericin B” in recent years.
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In anthelmintics, “praziquantel” and ‘“albendazole” are the most referenced drugs, but
note the relative change in publication emphasis over the two time periods (as indicated by
the size of the words appearing in the word clouds), with “albendazole” being increasingly
studied for treatment of tapeworms and flatworms. If we consider insecticides, we see the
same if not increasing emphasis on “ivermectin” and “pyrethrins”, and in recent years the
emergence of various other insecticides such as “decamethrin”, “selamectin”, “fipronil” and
others.

The MeSH heading “Treatment outcome” significantly increases over the thirty-year

period, which is associated with a 20-fold increase in publications tagged with this heading,

as does “Drug resistance”, “Drug synergism” and “Drug combination therapy” (Table 7).

Discussion
Text-mining analyses of the parasitology literature is presented here using a variety of
commonly used bibliographic methods: The tools used in this study are relatively straight
forward to use and limited only. by the ability to extract data from public databases and the
need to analyse thousands of publications. In this study, several different approaches were
used to analyse data from the Dimensions, WoS and MEDLINE databases. All of these
public databases.possess advantages and disadvantages; for example the Dimensions database
allows the export of 50,000 lines of data but does not include author key words; both Web of
Science and Scopus have restrictions on data downloads and MEDLINE does not include
citation data, which limits the usefulness of this database. Data from Dimensions is easily
exported in csv format that is directly compatible with the software VOSviewer, providing
another useful feature with this database. Nevertheless, bibliometric analyses are not trivial.
Natural language processing (NLP) is a branch of machine learning that deals with

processing and analyzing, “natural language” (Bird et al., 2009). Topic models are statistical
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models of natural language that are used to identify hidden structure in text. Common
algorithms and approaches for performing topic modelling include Latent Semantic Analysis
(LSA/LSI), Latent Dirichlet Allocation (LDA) and Non-negative matrix factorization (NMF).
Fung and colleagues, for example, used LDA to analyse trends in global health twitter
conversations (Fung ef al., 2017), and demonstrated that the most popular topics mentioned
were prevention, control, treatment, advocacy, epidemiological information and societal
impact. SWIFT-Review contains a workflow for topic modelling based on LDA which was
used in this study.

The MeSH  subject headings were also used. in this study

(https://www.nlm.nih.gov/mesh/introduction.html). These tag articles in MEDLINE and link

the article to important, well defined important biomedical concepts (Baumann, 2016).
Ramos and colleagues used MeSH headings extensively in their analyses of Chagas disease
research, highlighting the simplicity and powerful .nature of this data system for analyses of
topics (Gonzalez-Alcaide et al., 2018; Ramos ef al., 2011).

Regular changes in the use of terminology and nomenclature is common in science, as
well as between different countries and languages. An example is the use of leishmaniasis
and leishmaniosis, both of which are used to describe the disease resulting from infections by
Leishmania species. Ideally, all analyses based on word co-occurrence require pre-processing
of word data to merge such related terms; ScIMAT allows the user to do this through built in
methods that require curation.

Research in parasitology over the last thirty years or so covers an exceedingly large
number of topics and so it is not possible to discuss all the topics here; we simply attempt to
highlight significant areas of interest raised by these analyses. Nearly all bibliometric studies
in parasitology agree on several important points; the first is the amount of literature in the

discipline is rapidly increasing over time (Garrido-Cardenas et al., 2018). The dependency on
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technology is also increasingly clear, a point also emphasised by others, such as in the
application of molecular technologies to parasitology (Selbach et al., 2019). Finally, the
amount of literature on malaria dominates over all over species and diseases. We endorse
these points as they are consistent with the outcomes of our studies presented here.

2

The WoS category ‘“Parasitology” identifies ~109,000 unique published papers
published between 1989 and 2019; this data crosses over 200 WoS categories including
“veterinary sciences”, “tropical medicine”, “biochemistry”, “molecular biology” and
“immunology”, amongst many others. This multidisciplinary nature of parasitology was
noted previously by others (Stothard et al., 2018).

Preliminary analyses of a small dataset comprising ~ 6,800 papers identified through a
simple search of WoS with the keyword ‘“Parasitology” for the years 1989 to 2019 was
further broken down into 27 clusters from this time period using VOSviewer, an approach
based on co-occurrence of words in the publication titles. The ten clusters containing the
largest number of publications were “aquaculture” and “parasitology” (Lafferty et al., 2015),
“drug resistance in nematodes”. (Kaplan & Vidyashankar, 2012), “dendritic cells” and
“immunity” (Ng et al., 2008), “DNA barcoding of helminths” (Derycke et al., 2010), “human
gastrointestinal infections’ (Thompson & Smith, 2011), “drug discovery” (Miller et al.,
2013), “cell invasion.by Apicomplexa” (Sibley, 2011), “omics and helminths” (Cwiklinski &
Dalton, 2018), “protozoal abortifacients” (Dubey et al., 2006) and research on Echinococcus
(Zhang et al., 2015). These topics are all consistent with the broader themes obtained from
the WoS category “Parasitology”.

Analyses of a dataset containing ~109,000 publications from the WoS category
“Parasitology” using SCIMAT showed that Parasitology is continuously evolving over time
although several major themes are consistently identified such as “malaria”,

“trypanosomiasis” and “nematode research” (including S. mansoni and liver fluke). Also
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worthy of mention, is the presence of terms relating to “phylogeny” throughout the years.
This reflects the use of molecular phylogenetic approaches to study a wide variety of
taxonomic and evolutionary questions in parasitology; this point was also documented by
Selbach and colleagues in their studies on “parasitology research in the molecular age”
(Selbach et al., 2019).

Analyses of the performance of the clusters of terms over the period 1989-2019
showed that malaria was the most heavily studied research area, with an H-index of 163 from
18,880 publications (Table 3). Other prominent diseases appear in a variety of clusters;
toxoplasmosis for example, emerges in a cluster associated with prevalence of parasites. This
clearly reflects the global effort in Toxoplasma research to define the population structure by
sampling a wide variety of hosts including chickens (Dubey ef al., 2020). The kinetoplastids
(Leishmania and Trypansosoma) also feature predominantly in the performance data; this
covers a wide range of areas such as differentiation, immunology (through the Dendritic Cell
cluster), drug development and the Cardiomyopathy cluster that is closely linked to 7. cruzi
(Gonzalez-Alcaide et al., 2018): In'aveterinary context the main performing discipline areas
were haemonchosis (and anthelmintic resistance) (Laing et al., 2013) and ticks and tick-borne
diseases (Jongejan & Uilenberg, 2004).

Analyses. of the title data in Dimensions identified eleven main, high level clusters
representing the major themes within the discipline. The cluster containing “Synthesis” is
very much focussed on discovery of new anti-infective agents (Fidock et al., 2004; Jomaa et
al., 1999) as well as new ways of production of existing drugs and candidates (Martin et al.,
2003; Ro et al., 2006). These concepts are also highlighted in the “falciparum malaria”
cluster where the themes are dominated by treatment of malaria (White et al., 2014b) and the

emergence of drug resistance to artemisinin (Dondorp et al., 2009).
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The term “child” networks frequently with “malaria” or “intestinal parasites”; the
Global burden of Diseases studies amongst others have highlighted the importance of this
category of studies (Lozano et al., 2012; Vos et al., 2012). The decrease in malaria mortality
was noted in response to the global effort on control programs (Murray et al., 2012), having
averted 663 (542-753 credible interval) million clinical cases between 2000 and 2015 (Bhatt
et al., 2015). Major themes on “child” and “intestinal parasites” focus on malnutrition
(Stephenson et al., 2000), disease burden (Brooker, 2010; Fiirst et al., 2012) and control
(Gardner & Hill, 2001; Ottesen et al., 2008).

Hymenoptera is a very large order of insects that include bees, wasps, ants and
sawflies. The cluster called “Hymenoptera” covers a wide range of biology studies including
social behaviour (Hamilton, 1964), ecology (Steffan-Dewenter et al., 2002) and concerns
about pollinator decline (Goulson et al., 2008), microbiomes (Singh et al., 2010); biodiversity
and phylogenetics (Cardinale et al., 2003; Wheeler.ef al., 2001) for example.

The clusters “fish” and “Nematoda” are very large and closely linked in content.
Themes include “fish-borne parasitic’zoonoses” (Chai et al., 2005) and food-borne diseases
(Dorny et al., 2009), “impact of parasites on fish farming” (Piasecki et al., 2004; Torrissen et
al., 2013), “immunity’ to parasite infections” (Alvarez-Pellitero, 2008), “biodiversity and
phylogenetics’ (Poulin & Mouillot, 2003) and “ecology” (Torchin et al., 2003).

Another major cluster identifies “Brazil” as a rich source of parasitology research in
many areas including Chagas disease (Schmunis & Yadon, 2010), toxoplasmosis (Dubey et
al., 2012), malaria (Oliveira-Ferreira et al., 2010), leishmaniasis (Barral et al, 1991),
schistosomiasis (Dantas-Torres & Otranto, 2014) as well as a wide range of veterinary
parasites (Dantas-Torres & Otranto, 2014; Grisi et al., 2014). The literature on and including
Brazil is far too extensive to cover here; nevertheless, it is sufficient to recognise the

importance of Brazil in the world of parasitology research. It is interesting to note that the
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research productivity of other countries is recognised as greater than Brazil (Falagas et al.,
2006; Sweileh, 2019); the emphasis on Brazil in this study occurs because of the frequent use
of this term in the title and/or abstract of the publications analysed.

Themes in the “Mollusca” cluster are concerned with the biology of those parasites
that infect molluscs such as oysters and other shellfish (Guo & Ford, 2016; Morley, 2010)
and the diseases they cause. Perkinsus (Villalba et al., 2004) and QPX (Whyte et al., 1994)
can have a devastating impact on the shellfish industries destined for human consumption.

The cluster “striga” reflects the emerging theme associated with parasitic flowering
plants, also called weedy root parasites, increasing recognised asceconemically important
(Parker, 2009) especially in crops (Joel et al., 2017; Scholes &.Press, 2008) such as Sorghum
in sub-Saharan Africa (Haussmann et al., 2000).

The GenBank cluster relates to the practice of submitting sequence data to this
database which is a very common practicen. science. The document and word counts reflect
the fact that a common statement is included in most manuscripts where sequence data is
submitted to GenBank such as.“DNA sequence data described in this manuscript was
submitted to GenBank under accession numbers X, Y and Z”. The identification of this
cluster provides a strong reassurance about the ability of the methodology used in this study
to identity important.themes in the discipline based on co-occurrence of words.

SWIFT-Review of the literature on “antiparasitics” confirmed that bibliometrics could
identify and confirm many of the well-known trends in parasitology that have emerged over
the last 30 years. The importance of ivermectin (Campbell et al., 1983), albendazole
(Marriner et al., 1986) and praziquantel (Doenhoff et al., 2008) as antiparasitics cannot be
over emphasised, especially following their use to treat a range of parasitic diseases such as
onchocerciasis, lymphatic filariasis (Taylor et al., 2010), schistosomiasis (Rollinson et al.,

2013) and hydatid disease (Horton, 1989). The literature on the use of these drugs and their
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impact has risen significantly over the last 30 years. Further anthelmintic drug resistance has
emerged as one of the greatest problems facing livestock producers today (Coles et al., 2006;
Kaplan & Vidyashankar, 2012). The literature on antiprotozoal agents has increased and is
dominated by antimalarial drugs and resistance to them including, artemisinin (Dondorp et
al., 2009) , pyrimethamine (White et al., 2014a) and primaquine (Howes et al., 2016). Of
further interest is the increase in reported studies on amphotericin B use for leishmaniaisis
(Sundar et al., 2002) and amebic meningoencephalitis (Vargas-Zepeda et al., 2005) and
nitroimidiazoles for giardiasis and amebiasis (Jarrad et al., 2016).

Trends in the development of antiparasitic drugs was investigated by comparing two
time periods reflecting the beginning and end of the study.period, namely 1989-199 and
2015-2019. Between these times there was a noticeable increase in papers reporting on
antiparasitics, and evidence is provided that this increase is predominantly associated with the
search for new antiprotozoal drugs, notably.for NTDs (Batista et al., 2020; Shah & Gupta,
2019; Vermelho et al., 2020), and to a-lesser extent anthelmintics (Vercruysse et al., 2018;
Waller, 2006). The important role of ‘@ global commitment in these endeavours, through
public-private partnerships and major international consortia, cannot be over emphasised as
contributing to these increases and hopefully successes (Engels & Zhou, 2020).

Several important research areas were not over-emphasised in this study, as being
important contributors to the field of parasitology over the last 30 years. Vaccine
development is one such area, and so we note here the value and importance of vaccine
development in a time when drug resistance remains a concern. A “Call to Action” on
vaccine development was recently issued for NTDs (Bottazzi & Hotez, 2019). The failure to
identify topics such as vaccines as major themes or terms in these analyses is simply the

outcome of scale; other themes simply had many more publications supporting them.
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There are several limitations associated with this study that are in need of mentioning.
The first relates to the different literature content contained within the different databases;
this is not a new observation (Pautasso, 2014), but it does potentially impact significantly on
the outcomes of database searches (Moral-Mufioz et al., 2020). Further, the use of keyword
searches of title, abstract and keywords listed in publications has its limitations; it was
recently reported that the content of a publication is not always accurately reflected in the
title or abstract (Penning de Vries et al., 2020).

Systematic reviews (Moher et al, 2009) are an important contributor to core
knowledge in any discipline area and the number published in' parasitology has been
increasing over time (unpublished observations from PubMed). Such reviews are easily
identifiable in PubMed through a search such as “parasitology: AND systematic[sb]”. In 2019,
there were 140 systematic reviews associated with parasitology, compared to 15 in 2010. The

Cochrane library (https://www.cochranelibrary.com/search) currently contains 36 Cochrane

Reviews matching parasitology in the-Title Abstract Keyword. The approaches and tools
outlined in this paper can fast track the'identification of literature that is worthy of inclusion
in a systematic review; this in itself is of considerable value to the academic community that
is often faced with enormous-amounts of literature to assess.

The analyses of OA publishing in parasitology shows that OA papers constitute nearly
one half of the total papers published. The results are a little miss-leading in that a significant
proportion of the Green published papers are likely to be in subscription-based journals.
Institutional repositories representing Green publishing are increasingly common in some
countries such as Australia owing to the introduction of Government research reviews and
assessments and mandates from funding bodies distributing public funds. The trends seen in
this study from the citations received by the different groups of OA published papers indicate

that Gold published OA papers receive the overall lowest average number of citations per
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group. This observation is in line with other, far more detailed bibliometric analyses that
suggest there is no distinct advantage (from a citations point of view) in publishing Gold OA
(Breugelmans et al., 2018; Dorta-Gonzalez & Santana-Jiménez, 2017). These observations
may encourage authors to think more carefully about the value of publishing in Gold OA, and
especially on the role of subscription journals and Institutional repositories, especially when
research budgets are tight.

Bibliometrics represents an important and emerging area of study for the Parasitology
discipline. There are many tools available now to perform these analyses; several of them
based on topic modelling require a knowledge of programming in languages such as python.
In keeping with the observation that technology is an important contributor to the evolution
of the Parasitology discipline, we note that advances in machine and deep learning
approaches to text mining provide alternative methods for the analysis of the scientific
literature (Min et al., 2017; Shardlow et al.52019).

Some specific topics delve inereasingly into the area of vaccine approaches for
solving parasitological issues and recent studies have highlighted pathways for N. caninum
research (Reichel et al., 2020) that could be adopted for “Parasitology” in general. With
increasing awareness (of _the issues surrounding the increased resistance to chemical
treatments in the field of parasitology, and reports that even the composition of the chemicals
used might be in doubt (Leung ef al., 2020), the search for and development of efficacious

vaccines will represent an increasingly important contribution to the field of Parasitology.
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Table 1. Summary of database searches performed and the content for a selection of relevant

journals publishing primary data on parasitology research.

Journal Scopus1 Web of *Dimensions *‘MEDLINE
Science’
International Journal for 4905 4318 2797 2489
Parasitology
Parasites and Vectors 4347 4850 1843 2398
Parasitology Research 9319 9025 4177 5844
Parasitology 5219 5338 3355 3284
Veterinary Parasitology 9081 8665 4297 6637
PLoS Neglected Tropical Diseases 4187 7005 1673 1817
PLoS One 8142 Not coded 3407 3304
to this WC
PLoS Pathogens 1314 7201 987 602
Journal of Parasitology 6366 5684 2982 4875
Malaria Journal 4223 5690 2311 1934
Total number of papers from search 436,490 109,033 163,877 154,533

T Advanced search: ALL ( parasitology ) AND “PUBYEAR > 7988 AND PUBYEAR < 2020 ((accessed
30/1/2020))

2Web of Science category:

WC=(Parasitology); Timespan: 1989-2019; Refined by: LANGUAGES: ( ENGLISH ) AND DOCUMENT
TYPES: ( ARTICLE OR REVIEW:) (accessed 5/4/2020)

3 General search:

parasite (free text in title' or abstract) AND publication year 1989-2019 inclusive, limited by article type
(accessed 5/4/2020)

*Advanced search:

(((parasitology[MeSH Subheading]) AND ("1989"[Date - Publication] : "2019"[Date - Publication]) AND
MEDLINE][sb])) AND "International journal for parasitology"[Journal] (accessed 30/1/2020)

Downloaded from https://www.cambridge.org/core. University of Technology Sydney, on 01 Sep 2020 at 23:32:41, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/50031182020001596


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0031182020001596
https://www.cambridge.org/core

Table 2. Major themes identified using ScIMAT with Web of Science dataset (WoS category

“Parasitology”, 1989-2019, ~109,000 publications).

Time period  Important motor-themes Highly developed Emerging or Important
and marginal declining transversal and
themes themes basic themes

1989-1994 Malaria, nematodes, S.  Ticks, nervous Ultrastructure, Epidemiology, T.
mansoni, T. brucei, system E. histolytica, cruzi
monoclonal antibodies drug resistance,

responses

1995-1999 Malaria, parasitic Ixodidae, internal Monogenea, Trematoda, T.
nematodes, T. brucei, transcribed parasitophorous. cruzi, S. mansoni,
diagnosis, sheep spacer, 00Cysts, vacuole, epidemiology,

AIDS, phylogeny, vaccine, cells
Escherichia coli,  polymorphism,
microfilariae E. histolytica

2000-2004 Malaria, T. brucei, S. Ticks, diptera, Protease, Epidemiology,
mansoni, N. caninum, T. Apicomplexan chromosomes, antigen, efficacy,
cruzi, H. contortus, parasites, visceral  cytokines, parasites
phylogeny leishmaniasis Giardia, E.

granulosus,
markers

2005-2009 P. falciparum, H. E.mutilocularis,  Proteinase, Epidemiology,
contortus, N. caninum, ~.D..immitis, live chickens, efficacy, life
T. cruzi, S. mansoni, fluke, lizards, schoolchildren,  cycle, sequence,
fish, diptera, ticks; microsatellites, mortality, 7. cells, T. brucei
immune response, Cyclophyllidea spiralis,
linked immunosorbent patterns, NF-
assay Kappa-B.

2010-2014 Malaria, dogs, 7. gondii, Blood parasites, Dendritic cells,  Protein, efficacy,
anthelmintic resistance, condensed C. sinensis, risk factors,
linked immunosorbent  tannins, blood Platyhelminthes, susceptibility,
assay, essential oils, S. stream forms, Wolbachia, Culicidae,
mansoni, 1. ricinus, chickens, Chagas  point mutations, helminths, C.
cutaneous leishmaniasis, disease, E. Theileria, elegans
Cryptosporidium, fish histolytica, inhibitors,

populations ectoparasites,
genetics, epithelial cells,
sequence impact

2015-2019 Malaria, dogs, T. gondii, Extracellular Freshwater ELISA,
anthelmintic resistance,  vesicles, fishes, Theileria, albendazole,
linked immunosorbent  Acanthamoeba, anti-malaria, protein,

assay, Giardia

Chagas disease,

population

helminths, PCR,
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duodenalis, cutaneous
leishmaniasis, birds,
Schistosomiasis,
essential oils, C.
elegans, dendritic cells,
I, ricinus, Culicidae,
phylogeny

ivermectin
treatment,
arbovirus,
infected
erythrocytes,
blood stream
forms, 7. evansi,
T. knowlesi.

structure, P.
berghei, anemia,
monoclonal
antibodies,
intermediate
host, climate,
NF-Kappa-B35,
E. coli,
vaccination,
inhibitors

disease,
antibodies,
larvae,district,
phylogenetic
analyses, E. coli.

"' Species names have been abbreviated for space reasons and should be considered as found in full.

* See legend of Fig. 4 for explanation of the terms from a strategic map.

Downloaded from https://www.cambridge.org/core. University of Technology Sydney, on 01 Sep 2020 at 23:32:41, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms. https://doi.org/10.1017/50031182020001596


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0031182020001596
https://www.cambridge.org/core

Table 3. Performance data for 27 dominant clusters of the Parasitology discipline (1989-

2019) identified using SCiMAT with Web of Science dataset WoS category “Parasitology”,

1989-2019, ~109,000 publications).

CLUSTER! Documents Citations H- T9p 3 Keywords associated
(N) (N) index with cluster
Plasmodium falciparum,
MALARIA 18,880 412,945 163 . : .
transmission, epidemiology
PREVALENCE 16,492 340,843 158 dentification, diagnosis,
Toxoplasma gondii
DENDRITIC-CELLS 5,438 170,543 142  ‘ctivation, cutancous
leishmaniasis, macrophages
PHYLOGENY 6,717 148217 127 ~ Lrypanosomaicruzi stramns,
life cycle
SCHISTOSOMA - Immune response, hosts,
9,751 206,371 122
MANSONI ’ ’ susceptibility
VIRULENCE 2,208 63,489 111 Binding, infectivity, pathogens
TRYPANOSOMA- Differentiation, Leishmania,
BRUCEI 4,770 116,57 N inhibition
AEDES-AEGYPTI 4,430 95,172 109 Outbreak, virus, survival
HAEMONCHUS- 3.978 105 Anthelmintic resistance,
CONTORTUS ’ 101,207 Onchocerca volvulus, selection
VISCERAL- Model, blood, drugs
LEISHMANIASIS 3482 69,982 o1
ECOLOGY 2,925 56304 g5 Chagas disease, patierns,
association
BOOPHILUS- Control, strategies, cattle tick
MICROPLUS 1,406 27,984 67
ANTIBODY- Lymphatic filariasis, liver,
RESPONSES 1,198 23,805 67 chicken
CRYSTAL-STRUCTURE 356 15656 66  Dcmain, signal transduction,
immunodeficiency virus type 1
M —
PREVENTION 930 16,734 54 anagement, combination,
burden
ABORTION 317 10,490 51 E?iperlmental infection, brain,
histopathology
Eimeri o
HOST-CELL-INVASION 157 5,786 45 imerta tenella, calctum,
motility
Central nervous system,
CEREBROSPINAL- 269 6,442 42 endothelial cells,
FLUID . .
Angiostrongylus cantonensis
CARDIOMYOPATHY 193 5,501 38 Modulation, lesions,
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benznidazole

TOXOCARA-CANIS 239 4,748 35 Migration, soil, canis
RAINBOW-TROUT 194 4506 35  Pathology, complement,
atlantic salmon
Triatoma infestans, gut
RHODNIUS-PROLIXUS 152 4,252 34 . )
microbiota, cell surface
Mathematical model,
ONCHOCERCIASIS 180 3,717 34 diethylcarbamazine, control
program
CYSTS 178 4,373 32 Stage, hydatid disease, faeces
OPISTHORCHIS- Metacercariae, proliferation,
VIVERRINI 207 3,794 31 cancer
FINE-STRUCTURE 125 2247 25  ‘Hymenolepis dimunia, muscle,
Tritrichomonas foetus
DERIVATIVES 85 1232 19 Cywoexicitydiscovery,

products

" Colour coding: Green: disease; Orange: species; Yellow: keywords; No colour: other.
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Table 4. Summary of open access status of 163,966 articles in Dimensions'.

Name Publications  Citations  Citations
N) (N) (mean)
Closed 90,536 2,132,011 23.55
All OA 73,430 1,973,517 26.88
Pure Gold 27,971 462,872 16.55
Bronze 24,381 846,906 34.74
Hybrid 7,228 141,912 19.63
Green, Published 4,959 173,556 35.00
Green, Submitted 5,225 197,066 37.72
Green, Accepted 3,666 151,205 41.25

TAccessed 17/4/2020
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Table S. Main clusters identified using VOSviewer and the 174,300 publications from the

Dimensions dataset (1989-2019 inclusive).

Cluster Keywords Species and Countries
Diseases mentioned
1, Synthesis Antimalarial, biological Malaria, Trypanosoma
evaluation, novel, inhibitor, brucei, Visceral
derivative, activation, surface leishmaniaisis
protein
2, Child Case report, trial, Malaria, anaemia, Nigeria, Brazil
uncomplicated, quinine, intestinal parasites

artesunate, falciparum

3, Hymenoptera Honey bee, coleoptera, ant, fly,
hemiptera, colony, acari,
description, diptera

4, Fish Nematoda, sea, parasitic, Brazil, Mexico
copepoda, monogenean,
perciformes, teleostei, rainbow
trout, salmon

5, Nematoda Fish, diptera, description; Anguilla, Brazil,
rodentia, anura, new species onchocercidae, Mexico, New
anisakidae, Caledonia,
trichostrongylidae, Australia
oxyuridae

6, falciparum malaria  Trial, double blind, artesunate,
artemether lumefantrine, child,
chloroquing, artemisinin

7, Mollusca Eastern-oyster, qpx, trematode,  Perkinsus marinus,
dicrocoeliidae, annelida, Crassotrea virginica,
salinity Rhodnius prolixus

8, Brazil Nematoda, fish, diptera, Parts of Brazil:
monogenea, sandfly, viannia, Minas gerais,
ultrastructure, seroprevalence, Bahia, Sao
municipality, child, Paulo, Rio de
apicomplexan, psychodidae, Janiero
trypanosomatidae

9, Striga Benth, sorghum, germination Parasitic plant

diseases
10, Genbank Cloning, database, paper,

nucleotide sequence data

11, Biomedicine NMR, current awareness

12, Parasitology
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Table 6. Number of published papers appearing with the designated Pharmacological action

tag in SWIFT-Review over the two time periods 1989-1993 and 2015-2019. Data was from

MEDLINE (n= 12,161 and 35,174 publications, respectively).

Pharmacological action 1989-1993 2015-2019
Antiparasitic agents 1467 2846
Antiprotozoal agents 788 1945
Antimalarials 369 839
Amebicides 239 436
Trypanocidal agents 92 190
Coccidiostats 90 108
Antitrichomonal agents 7 17
Anthelmintics 702 1066
Antinematodal agents 307 233
Filaricides 65 39
Antiplatyhelmintic agents 222 489
Anticestodal agents 137 418
Schistosomicides 73 68
Insecticides 321 846
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Table 7. Differences in number of publications on antiprotozoal agents in the two time

periods 1989-1993 and 2015-2019. Data from MEDLINE and analysed in SWIFT-Review.

1989-1993 2014-2019
(n=1467) (n=2846)
MeSH Word  Document Score” Word Document Score
count frequency count frequency

Antiprotozoal agents 44 80 6.58 449 895 30.1
Metronidazole 56 56 11.57 86 86 13.95
Amphotericin B 8 8 3.52 156 156 21.09
Nitroimidazoles 12 14 4.15 100 106 15.25
Antimalarials 103 182 12.00 645 1207 40.66
Artemisinins 28 28 6.84 411 411 41.39
Chloroquine 201 201 26.37 190 190 24.55
Pyrimethamine 76 76 11.90 127 127 16.94
Primaquine 17 17 5.83 77 77 13.95
Coccidiostats 30 49 5.98 32 75 543
Anthelmintics 100 175 11.95 654 1115 42.79
Ivermectin 234 234 27.95 425 425 41.93
Albendazole 112 112 18.21 409 409 38.6
Mebendazole 64 64 12.18 59 59 11.35
Benzimidazole 89 107 13.26 78 98 13.19
Praziquantel 197 197 25.77 353 353 37.45
Diethylcarbamazine 47 45 10.5 37 37 8.65
Parasite egg count 253 799 15.98 173 745 13.4
Insecticide 7 87 1.15 88 576 7.67
Carbamates 13 16 4.24 - - -
Pyrethrins - - - 14 149 1.72
Insect vector 41 641 2.94 53 1186 3.22
Insecticide treated bednets - - - 14 108 2.17
Insecticide resistance - - - 10 190 1.41
Treatment outcome 33 42 6.67 447 883 30.14
Drug resistance 268 332 27.69 533 845 41.0
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Drug synergism 7 17 1.96 36 67 6.02

Drug therapy, combination 86 107 11.99 205 268 21.64

' Accessed 28/3/2020

* A SWIFT-Review score which is a modified term frequency/inverse document frequency (tf-idf) score for
each term found in the selected documents. This quantifies the importance of terms in the selected documents
as compared to the rest of the words representing the corpus.
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Fig. 1. Schematic representing an overview of the main analyses described in this study.
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Fig. 2. Multidisciplinary nature of Parasitology as displayed~through Web of Science
categories. The Web of Science was searched with the keywords *“Parasitology” or “Parasite”

for the years 1989 to 2019 inclusive.

Downloaded from https://www.cambridge.org/core. University of Technology Sydney, on 01 Sep 2020 at 23:32:41, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/50031182020001596


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0031182020001596
https://www.cambridge.org/core

. . .
ivermectinggesistance

levampisole

ctin

L] g
p-glycaprotei - ¢ ®
= integpalparasites
0 ' ‘ tu.g world-associgtion
ot ;i b / : biological-control

@
guidelines @
__ heritability &
nts ©
L]
populatiom dynamics

®
growth f.tor beta

Lol GRRERE .-
S in pa T ' ik e’ . aggl'ag'on

IS . J’phamptera
ahuﬂ\ge\

.“"I“

.rasftology

2 “' [ ]
3 ssoclﬂ:gs

e lcrysta Glliogpe® BT ’
cell-gycle  adti A= Fi :

h n? > Y i t p

ostecells tra‘rt - A A .

- . T it J ~ j ‘h asites®

2 a ~"haem oteus

@ CEWswn
ara5|t Iasm ium-f.
r:‘i:rmen;%ep“. L 4 -

ggx . , ’ o CQS COCgosis
| e .= _california

[ CWP sporidiu geﬂ‘-pes nsp

.* 9 blatﬁysﬂb* adu\ts 'teachlng redesription

neospora 2 [ 5 ke
neospo*mnum"‘ A E s

plastid

specimens
» neosporosis. herds

= abortion

6,8 lications from a search of Web of Science

Fig. 3. VOSviewer visualisation map
ars 1989 to 2019. Cluster analyses identify 27

with the keyword “Parasitology” fi
mentary Material 1. The size of the nodes representing

clusters that are summarised 1
keywords is proportional t@ quency of occurrence of that particular keyword

S

Downloaded from https://www.cambridge.org/core. University of Technology Sydney, on 01 Sep 2020 at 23:32:41, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms. https://doi.org/10.1017/50031182020001596


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0031182020001596
https://www.cambridge.org/core

a) 1989-1994

NERVOUS-S‘(STEMDEHS’ ty

TICKS
39
MALARIA
44
NEMATODES
329
MONOGLONAL- ANTIBODIES
278

SCHISTOSOMA-MANSONI
553

TRypaNnsOMarRucE Centrality
376
ULTRASTRUCTURE
45
EPIDEM[OLOGG Y
176

ENTAMO EBA-HISTOLYTICA
39

TRYPANOSOMA:-CRUZI
169

DRUG-RESISTANCE
28

b) 2015-2019 Density

ANTHELMINTIC-R ESISTANCE
667

BIRDS
57 DOGS
EXTRACELLULAR-VESICLES 3337
33 UTANEOUS-LEISHMANIASIS
ESSENTIALSH S
435 MALARIA
PHYLOGENY 2551
ACANTHAMOEEA 1351
103 GIARDIA-DUODENALS
SCHISTOSONIASIS 11
CHAGAS DISEASE 690
475 [X ODES-RICINUS
CULICIDAE . BBS
ARBOVIRUS 787
72 TOXOPLASMAGONDII
CAENORHABDITIS-ELHGANS 869
PLASMODI UM KNOWLES] a7
43 DENDRITIC-CELLS Centrality
35 ALDENUALULE
264 ELISA
FRESHWATER-FISHES 319
THEILERIA 122
POPULATIONEYRUCTURE
74 PROTEIN
HELMIFHS
POLYMERASE-CHAIN-REXETION
DISEASE 395
MOMOCLONAL-ANTIBODIES 930
INTERMEDIERE-HOST
&8 LARVAE
CLIMATE 174
] DISTRICT
NF-KAPPAE 67
70 ESCHERICHIACOLI
PHYLOGENETIC-ANALYSIS
INHIgIQTORS 238

Downloaded from https://www.cambridge.org/core. University of Technology Sydney, on 01 Sep 2020 at 23:32:41, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/50031182020001596


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0031182020001596
https://www.cambridge.org/core

Fig. 4. Example of strategic maps produced from 109,000 publications of the parasitology
category in Web of Science using SCIMAT for a) 1989-1994, and b) 2015-2019. The co-
word analyses performed in ScIMAT generates a series of clusters that represent groups of
keywords and which correspond to the main research topics. The clusters (represented as
circles in the figure) are automatically labelled by the most common key word in the cluster.
The axes represent Callon’s centrality and density; centrality (on the X-axis) is a measure of
the level of interaction amongst the clusters and so is considered a representation of the
importance of a cluster (topic) in the development of the entire research field analysed.
Density (on the Y-axis) is a measure of the internal strength of the.cluster and therefore
represents the theme’s development. The size of each cluster reflects the number of

documents assigned to that cluster.

Downloaded from https://www.cambridge.org/core. University of Technology Sydney, on 01 Sep 2020 at 23:32:41, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/50031182020001596


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0031182020001596
https://www.cambridge.org/core

density MALARIA
163

PREVALENCE
158

HAEMONCHUS-CONTORTUS
105

PHYLOGENY
Vv 127

@

CERAL-LEISHMANIASIS
2 AEDES-AEGYPTI

109
TRYPANOSOMA-BRUCGEI SCHISTOSOMA-MANSONI
122

109
BOOPHILUS-MICROPLUS

RAINBOW-TROUT 67
35
DENDRITIC-CELLS
142 ECOLOGY
CARDIOMYOPATHY 85
38
TOXOCARA-CANIS centrality]
35 ABORTION
ONCHOCERGIASIS ol
34 HOST-CELL-INVASIQN
45
CEREBROSPINAL-FLUID
42 VIRULENCE
11
PREVENTION
RHODNIUS-PROLIXUS 54
34
OPISTHORCHIS-VIVERRINI
- CYSTS
32
CRYSTAL-STRUCTURE
66 ANTIBODY-RESPONSES
FINELSTRUCTURE o
2
DERIVATIVES s

19

Fig. 5. A strategic map produced from the ~109,000 papers in the parasitology category of

Web of Science using ScIMAT for the period 1989-2019. The size of each cluster reflects

the H-index assigned to that cluster.
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Fig. 6. VOSviewer visualisation map of the 2,000 most relevant words present in 174,300 publications identified in the Dimensions database
using a search based on “parasite” in title or abstract for the years 1989 to 2019 inclusive. Analysis in VOSviewer is based on publication title

only.
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