
Introduction

Scrub typhus (ST), also known as tsutsugamushi disease [1], is a frequently neglected tropical 
disease most often transmitted through the bites of chiggers in rural areas [2]. The disease 
has been reported to be responsible for causing acute febrile illness, which is a serious public 
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ABSTRACT

Objectives: The aims of this study were to analyze the characteristics of the 100 top-cited 
articles on scrub typhus (ST), and to assess the present research landscape and future research 
directions using bibliometric analysis. 
Methods: Web of Science was used to conduct a bibliometric analysis of the 100 top-cited 
articles on ST. The articles were analyzed by publication year, number of citations, document 
type, journals, keywords, institutions, country of origin, and authorship. 
Results: The top 100 articles on ST were published between 1945 to 2017. The number of 
citations ranges from 39 to 227 and the interquartile range was 35.5. The United States 
published the highest number (n = 21) of articles. Mahidol University was the most prolific 
institution in terms of articles (n =14). The American Journal of Tropical Medicine and Hygiene 
was the journal with the most articles (n =14), and Paris DH was the most productive author 
in terms of the Hirsh-index, which was 10 for that author. The study revealed a significant 
correlation between the total number of citations and the number of authors (r=0.668, 
p < 0.001), number of institutions (r = 0.692, p < 0.001), number of years since publication 
(r=0.869, p <0.001), and number of countries involved (r=0.963, p <0.001). 
Conclusion: The findings of this study provide landmarks in the publication and citation 
frequency of the most influential articles on ST. In addition, this study provides useful 
information for readers and health policy-makers in evaluating the literature on ST.
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health burden throughout the wide endemic region known 
as the “tsutsugamushi triangle” [3]. 

More than 1 billion residents of rural areas across all age 
groups are estimated to be at risk, with approximately 1 
million new cases reported annually [4,5]. Although there 
has been marked progress in antibiotics such as doxycycline, 
tetracycline, and chloramphenicol, which serve as the first-
line treatment for ST, the risk of ST infection and reported 
cases have increased every year [6]. This suggests an urgent 
need for novel research regarding the development of an 
effective antibiotic and vaccine for the prevention and control 
of ST [7]. 

Bibliometric analysis can provide a macroscopic overview 
of a large volume of scientific literature in terms of historical 
background and help identify the most influential authors, 
journals, countries, institutions, and references in the historical 
development of scientific research in any field [8]. The use of 
bibliometrics as a technique can also help to identify a variety 
of research themes, illuminate the multidisciplinary character 
of a research domain, and determine research gaps, future 
research directions, and leading trends within in any particular 
field [9]. In addition, the technique enables assessment of active 
and influential authors, journals, countries, organizations and 
institutions in a given field, as well as annual publication trends 
[10]. 

Although there has been an increase in the amount of 
scientific research on ST, the disease is still remarkably 
neglected relative to other tropical diseases [11]. Today, 
more than 80 years after the end of the Second World War, 
there is still no effective human vaccine against ST infection 
[12], which may be due to the multiple antigenic strains of 
Orientia tsutsugamushi [13]. Thus, we applied bibliometric 
methods, which have been widely used by researchers 
across diverse scientific research fields, to assess and 
evaluate the development of the field and research trends 
in the study of ST since the end of World War II [9,14,15]. 

The purpose of this study was to perform a bibliometric 
analysis of the 100 most-cited articles on ST indexed in the 
Web of Science (WoS) from 1900 to December 2020. To our 
knowledge, this is the first bibliometric study conducted on 
the 100 most-cited ST articles.

Materials and Methods 

Study Design and Data Source 
We used the results of a search within the WoS database 
(Clarivate Analytics, Philadelphia, PA, USA) for the baseline 
data used in this study [16,17]. Bibliometric analyses have 
been undertaken in various research fields to monitor 
and evaluate the growth of scientific output and to provide 

support for designing suitable policies and making public 
health decisions [15–17]. Science Citation Index Expanded 
(SCIE) and Science Citation Index (SCI) were both used to 
identify the top 100 most-cited articles on ST.

Search methodology 
As in other bibliometric studies [10,18], the overall searchz 
was conducted in a single day to avoid the possibility of 
daily citation updates to the database interfering with the 
results and leading to minor statistical changes over time 
[19]. Our search strategy was to use specific keywords 
on ST, which were obtained from the Medical Subject 
Headings (MeSH) index of biomedical literature (https://
meshb.nlm.nih.gov/search). We restricted our search to the 
presence of keywords in the title (titles including: “Orientia 
tsutsugamushi infection*” or “Tsutsugamushi disease*” or 
“Tsutsugamushi fever*” or “Scrub typhus*”) and used the 
largest time span allowed in the WoS search function (“all 
years [1990−2020]”) (search date December 10, 2020). Only 
original articles and reviews were used in this study, while 
editorials, proceedings, corrections, meeting abstracts, 
news items, letters, notes, early access publications, and 
reprints were excluded from our final dataset.  

The search was restricted to articles published in English.  
The entire retrieval and data extraction process was conducted 
by 2 independent researchers (THM, JK).

The eligible articles were arranged in decreasing order of 
their citation count, after which the 100 top-cited articles 
were downloaded in CSV format, plain text format, and tab-
delimited (win) format for further analysis. The following 
characteristics were considered in our analysis: publication 
year, citation count, authorship, affiliation (institution and 
country), journal name, and keywords. The journal impact 
factor (JIF) for each journal was obtained from WoS through 
manual search.

Statistical Analysis 
Bibliometric analysis was used to examine the production 
of scientific research in the ST field. The distribution of the 
most productive countries, institutions, authors, journals, 
and keywords, as well as impact factor and total global 
citations, were analyzed using HistCite and bibliometrix, 
an R tool for comprehensive science mapping analysis 
[20]. Research collaborations between authors, countries, 
and organizations were mapped using VOSviewer ver. 1.6.6 
[21]. Given the distribution of variables and the presence 
of outliers, we preferred to use the median, range, and 
interquartile range (IQR) to describe some variables since 
these measures are less affected by extreme values [10]. 

For citation analysis, the Hirsh-index (h-index) was used, 
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which is a measure of both the number of publications on 
ST and the number of citations they received, with higher 
h-index values suggesting a higher impact [19]. In addition, 
GraphPad Prism ver. 6 (GraphPad Software, San Diego, CA, 
USA) and IBM SPSS ver. 25.0 (IBM Corp., Armonk, NY, USA) 
were used for the statistical analysis. Spearman correlation 
coefficients were used to evaluate the associations between 
the number of citations and year of publication, authors, 
institutions, JIF, and countries. p  of less than 0.05 were 
considered to indicate statistical significance.

Results 

General Information 
The study identified 1,217 articles from 1900 to 2020 during 
the initial WoS search, and the 100 top-cited articles were 
identified after restricting the results to articles written in 
English. The majority of articles in the top 100 were original 
research articles (n = 88), with a total of 5,632 citations. 
The remaining entries were reviews (n = 12), which had a 
total of 392 citations. Altogether they had an h-index of 63. 
Publication years ranged from 1945 to 2017. The 100 most-
cited articles were published in 49 journals by authors from 
21 countries. In total, 392 authors, approximately 3.92 per 
document, contributed to the top 100 articles. The general 
characteristics of the metadata are presented in Table S1.

Years of Publication 
As seen in Figure 1, a continuous upward trend was observed 

in the citation of ST articles after 1975. The number of articles 
increased along with the number of citations reported 
for each year during the study period. Among the top 100 
articles, the majority (n = 63) were published between 1990 
and 2017, with the greatest number of highly cited ST 
articles (n = 40) being published between 2005 and 2017.

The 100 Most-Cited Articles 
The 100 most-cited articles in the field of ST and the 
number of citations, year of publication, and adjusted 
citation index (ACI) are presented in Table S2. The overall 
number of citations of the 100 most-cited articles was 
6,994, with a median of 56, range of 39 to 227, and IQR of 
35.5. According to the global citations, the top-ranking 
article was published in 2003 by Watt and Parola [1] on 
(“Scrub Typhus and Tropical Rickettsioses”), followed by 
the 2009 article of Kelly et al. [3] entitled “Scrub Typhus: 
The Geographic Distribution of Phenotypic and Genotypic 
Variants of tsutsugamushi,” both of which were cited more 
than 200 times. 

In addition, the 100 most cited articles were indexed in 
many research categories including Public, Environmental 
and Occupational Health; Tropical Medicine; General and 
Internal Medicine; Microbiology; and Pathology among 
others.

Journal Citation and Impact Factor Analysis 
The top 100 articles were published in 49 different journals. 
Fourteen journals that published at least 2 articles are 

Figure 1. Graph showing the number of scrub typhus articles and Total Global Citations Score by year.
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shown in Table 1. These 14 journals altogether published 
65 of the 100 top-cited ST articles. The American Journal 
of Tropical Medicine and Hygiene , with 14 articles (n ), a 
median citations per article (MCA) of 55.0, and an IQR of 
39 was the most represented journal, followed by Clinical 
Infectious Diseases (n, 7; MCA, 68.0; IQR, 77), and Infection 
and Immunity (n, 7; MCA, 59.0; IQR, 44). Notably, The Lancet, 
a journal with a JIF of over 60, published only 3 of the 100 
top-cited articles on ST. 

The earliest top-cited article was published in 1969 in 
Transactions of the Royal Society of Tropical Medicine 
and Hygiene , which published another one of the top 100 
articles as recently as 2004.

Authorship and Institution Analysis 
We identified 392 authors who contributed to the 100 top-
cited articles. In terms of authorship, 13 authors contributed 
to 5 or more of the 100 top-cited articles on ST. The most 
productive author was Paris (h-index, 10; MCA, 73; IQR, 70), with 4 
first-authorships and 10 articles in the top 100 (Table 2). Thirteen 
institutions contributed 3 or more of the top 100 articles, 
with Mahidol University in Thailand being the most prolific 
(h-index, 14; MCA, 60; IQR, 40), followed by the University of 
Oxford in England (h-index, 10; MCA, 60; IQR, 40) (Table 3).

Country of Origin 
The countries with 2 or more top-cited articles, in terms of 
both single-country publications (intra-country collaborations), 
and multi-country publications (inter-country collaborations), 

are presented in Figure 2. The 100 most-cited ST articles 
originated from 21 countries, of which 9 countries originated 
more than 2 articles. The United States (US) was the most 
productive country with 21 articles, followed by South Korea 
and Thailand, both with 12 articles.

Keyword Analysis 
The evaluation of keywords in terms of their frequency 
is shown in Figure 3. The analysis of author’s keywords  
(Figure 3A) revealed the most popular themes in the diverse 
literature on ST. We found that ‘scrub typhus’ (n = 14), ‘O. 
tsutsugamushi ’ (n = 10), ‘Rickettsia’ (n = 4), ‘children’ (n = 2), 
and ‘clinical manifestations’ (n = 2) were the most frequent 
abstract keywords (Figure 3B). Among the top 100 KeyWords 
Plus results (Figure 3C) were ‘doxycycline,’ ‘diagnosis,’ 
‘polymerase chain reaction,’ ‘infection,’ and ‘outbreak,’ 
among others.

Bibliographic Coupling Analysis 
We used VOSviewer software to explore the bibliographic 
coupling (BC) between the authors,  countries,  and 
institutions that contributed to the 100 top-cited articles 
on ST (Figure 4). For BC analysis of authors, a minimum of 
2 instances of authorship was required to meet the search 
criteria, and 72 authors reached this threshold. The top 
authors based on the number of links (L) and total link 
strength (TLS) were Paris (L, 70; TLS, 3,982), followed by 
Richards (L, 71; TLS, 3,019), Dasch (L, 69; TLS, 1,379), and Shirai 
(L, 65; TLS, 1,300) (Figure 4A). For the BC analysis between 

Table 1. Journals that published at least 2 of the 100 most-cited scrub typhus papers

SCR Source journal  
(n = 49)

Articles  
in top 100 TGCS (R) MCA IQR 2019 IF Quartile

a)
Publication

b)

1st American Journal of Tropical Medicine and 
Hygiene

14 965 (1) 55.0 39 2.126 Q2 1952−2013

2nd Clinical Infectious Diseases 7 627 (2) 68.0 77 8.313 Q1 1997−2009
3rd Infection and Immunity 7 461 (3) 59.0 44 2.970 Q2 1967−1982
4th Journal of Clinical Microbiology 6 277 (7) 42.5 14 5.897 Q1 1977−2010
5th American Journal of Hygiene 5 334 (4) 69.0 10 NA NA 1945−1952
6th Plos Neglected Tropical Diseases 5 315 (5) 63.0 11 3.885 Q1 2011−2017
7th Emerging Infectious Diseases 4 235 (10) 27.5 38 6.259 Q1 2006−2016
8th Transactions of the Royal Society of Tropical 

Medicine and Hygiene
4 258 (9) 55.5 23 1.868 Q3 1969−2004

9th The Lancet 3 314 (6) 84.0 114 60.390 Q1 1996−2020
10th Antimicrobial Agents and Chemotherapy 2 139 (11) 69.5 19 4.904 Q1 1995−2007
11th Current opinion in Infectious Diseases 2 275 (8) 137.5 179 4.577 Q1 2003−2016
12th International Journal of Infectious Diseases 2 112 (13) 56.0 26 3.202 Q2 2013−2014
13th Japanese Journal of Infectious Diseases 2 112 (13) 56.0 8 3.202 Q4 2005−2006
14th Tropical Doctor 2 118 (12) 59.0 38 0.523 Q4 2006−2010

SCR, Standard Competition Ranking; TGCS, Total Global Citation Score; MCA, median citations per article; IQR, interquartile range; IF, impact factor; NA, not 
available.
a)Journal quartile range. b)Time span: publication year for reported authors.
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countries, at least 2 must have originated in a country for it 
to be included in the analysis. Thirteen countries met this 
threshold and were visualized as 3 clusters. The country 
with the highest TLS was Thailand (L, 75; TLS, 3,631), followed 
by the US (L, 2,328; TLS, 3,468), England (L, 865; TLS, 2,667), 
South Korea (L, 793; TLS, 1,239), India (L, 601; TLS, 1,188), 
and Laos (L, 411; TLS, 1,137) (Figure 4B). For the BC analysis 
between institutions, at least 2 articles were required to 
have originated from an institution to be included, which 
resulted in 30 institutions visualized as 4 clusters. Mahidol 
University had the highest number of collaborations (L, 29; 
TLS, 2,783), followed by Naval Medical Research Center (L, 

29; TLS, 999), and Christian Medical College & Hospital (L, 29; 
TLS, 810) (Figure 4C).

Funding Agencies 
As shown in Figure 1, the annual number of articles on 
ST increased gradually, from just 23 in the 14-year range 
of 1990 to 2004, to 40 in the 12-year range of 2005 to 
2017. This phenomenon may be the result of increased 
financial support from various funding sources such as 
Wellcome Trust, Global Emerging Infections Surveillance 
and Response System, and the United States Army Medical 
Research and Materiel Command and Naval Medical 

Table 2. Authors who contributed to at least 5 articles of the 100 most-cited scrub typhus papers

SCR Author  
(n = 392) h-index

Authorship position
TGCS MCA IQR Publication year

a)

First Second Third or last

1st Paris DH 10 4 1 5 789 73 70 2007−2017
2nd Osterman JV 9 0 5 4 579 46 43 1976−1982
3rd Smadel JE 8 6 2 0 545 67 29 1948−1952
4th Blacksell SD 7 2 1 4 518 57 80 2006−2016
5th Abraham OC 6 0 2 4 365 56 37 2006−2015
6th Ley HL 6 0 3 3 407 67 34 1948−1952
7th Shiral A 6 1 3 2 397 64 43 1976−1983
8th Chierakul W 5 1 2 2 259 44 15 2004−2011
9th Dasch GA 5 1 0 4 368 50 9 1979−2006
10th Day NP 5 0 0 5 348 57 35 2007−2012
11th Richards AL 5 1 1 3 434 55 24 1997−2016
12th Traub R 5 1 1 3 399 65 34 1948−1974
13th Watt G 5 5 0 0 588 84 114 1996−2003

SCR, Standard Competition Ranking; h-index, Hirsh-index; TGCS, Total Global Citation Score; MCA, median citations per article; IQR, interquartile range.
a)Time span: publication year for reported authors.

Table 3. Institutions originating 3 or more of the 100 most-cited scrub typhus papers

SCR Institution, country (n = 129) Article  
in top 100

a) TLSC TGCS NA MCA IQR Publication
b)

1st Mahidol University, Thailand 14 35 1,004 100 60 40 2004−2017
2nd University of Oxford, England 10 31 715 72 60 40 2004−2017
3rd University School of Nashville, USA 8 52 627 72 58 42 1973−2011
4th Walter Reed Army Institute of Research, USA 8 39 550 69 68 38 1976−2000
5th Christian Medical College & Hospital, India 6 17 365 46 58 37 2006−2015
6th Chosun University, South Korea 4 13 252 32 57 31 2006−2010
7th Seoul National University, South Korea 4 15 319 20 59 78 1993−2001
8th Armed Forces Research Institute of Medical Sciences, USA 3 16 332 17 58 180 2000−2003
9th Haenam General Hospital, South Korea 3 13 161 28 48 19 2006−2007
10th Mahosot Hospital, Laos 3 7 270 13 83 61 2010−2017
11th Seonam University, South Korea 3 13 161 28 48 19 2006−2007
12th University of Texas Medical Branch, USA 3 6 230 33 68 74 2010−2017
13th Walter Reed National Military Medical Center, USA 3 20 194 32 60 34 1995−2000

SCR, Standard Competition Ranking; TLSC, Total Local Citation Score; TGCS, Total Global Citation Score; NA, number of authors; MCA, median citations 
per article; IQR, interquartile range.
a)Total number of citations. b)Time span: publication year for reported authors.
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Research Center (Table S3). These, as well as other funding 
institutions, supported a total of 20 of the 100 top-cited ST 
articles.

Factors Influencing Citations Scores 
The factors that determined the number of citations of 
the top-cited articles on ST are presented in Table 4. We 
explored possible correlations between the number of 
citations and study variables such as number of authors, 
number of institutions, years since publication, JIF, and 
number of countries. We observed a strong positive 
association between the citation score and number of years 
since publication (r = 0.869, p < 0.001), number of authors 
and number of citations (r = 0.668, p < 0.001), number of 
institutions and citation score (r = 0.692, p < 0.001), as well 
as number of countries and number of citations (r = 0.963, 
p < 0.001). However, there was not a significant correlation 
between the JIF and citations (r = 0.158, p = 0.277).

Discussion 

The study provided insights into the trends of the most 
influential ST publications over the past 100–120 years 
using comprehensive bibliometric tools [10,17,18]. All 100 
top-cited ST publications were written in English, and the 
majority were from US institutions, which produced more 
articles than those of any other country [18]. This may be 
because the US has a higher gross national product than 
other countries, which enables US researchers to be the 

more productive in ST research. Of the 100 most-cited 
articles, a total of 21 were from the US, followed by 12 articles 
from South Korea and 12 articles from Thailand [22]. 

A total of 392 authors from 21 countries contributed to the 
100 top-cited articles with a citation range of 39 to 227 (MCA, 
56; IQR, 35.5). The top 3 most-productive authors in this 
study were Paris, Osterman, and Smadel, who collectively 
contributed 27 articles as the first, second, or third or last 
author, and accrued a total of 1,913 citations. Overall, 13 
key authors contributed to 82% of the top 100 articles in 
the ST field and were referred to in 5,996 citations during 
our study period. This number of citations, however, is less 
than is reported in some other medical fields such as islet 
transplantation, where the citation count ranged from 
146 to 2,988 [23]. The difference in citation count could 
be a result of the number of researchers contributing to 
specific medical fields [24], or possibly due to there being 
less research interest in the field of ST compared to other 
diseases [11].

In addition, open access status may be another important 
factor in attracting citations, since open access articles are 
freely accessed and tend to be more cited than self-archived 
or closed access articles [24,25].

The most-cited and influential paper on ST was a review 
that discussed several key aspects of ST and tropical 
rickettsioses, published in 2003 in the Journal of Current 
Opinion in Infectious Diseases . The article indicated that 
modern developments in molecular taxonomic methods 
have led to a reclassification of rickettsial disease, and it 
estimated that 1 billion people are at risk, with 1 million 
cases occurring annually. Additionally, the review noted 
that the lack of professional or non-specialist physicians 
and disease misdiagnoses raise more questions than 
answers, implying the need for much more research on ST. 
As a result, this article became the most influential within 
the field, with 227 citations [1]. 

The second most-cited article received 216 citations 
and focused on the geographic distribution of phenotypic 
and genotypic variants of O. tsutsugamushi , published in 
Clinical Infectious Diseases  as a review article. Our study 
indicates that a minority of articles on ST are responsible 
for the majority of citations, which is a similar result to 
other published bibliometric studies [18].

Other top-cited articles discussed key aspects and discoveries 
in ST research such as antibiotic use in the treatment of 
ST, including, for example, articles on chloromycetin [26], 
doxycycline compared to azithromycin [27], and chloramphenicol 
and tetracycline to treat patients with ST infection [28]. 

As shown in this study, there was a significant correlation 
between the number of citations and the number of years 

Figure 2. Most productive and influential countries 
on scrub typhus research with 2 or more articles, 
including both single-country publications (intra-country 
collaboration) and multiple-country publications (inter-
country collaboration).
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since publication. This finding differs from bibliometric 
findings from other fields such as gastroenterology and 
hepatology, for which no significant correlations were found 
between the number of citations and the number of years 
since publication [17]. In addition, significant correlations 
were found between the number of institutions involved, 
the number of countries, and the number of citations. 
Similar associations were previously described by Azer and 
Azer [17] in 2016. 

Across the 49 different journals that published ST research, 
the top-cited articles were published not only in journals with 
a high impact factor, but also in lower-impact journals [29]. 
Previous bibliometric studies have shown that the impact 

factor of particular journals is considered the best indicator 
used for journal citations. Our study also demonstrated 
that the JIF does not necessarily influence the citation 
performance of articles, and it is possible that highly 
cited articles can be published in journals with a low JIF. 
Examples of such articles are included in our references 
[28,30–34]. This indicates that most researchers focused on 
other factors aside from JIF when publishing ST research. 

Regarding journal productivity, the American Journal of 
Tropical Medicine and Hygiene published the most papers 
related to ST. This can be seen as a pioneering journal that 
gave ST research particular attention. Furthermore, most 
of these journals belonged to the first and second quartiles, 

Figure 3. Keyword occurences of (A) author’s keywords and (B) abstract keywords. (C) Word cloud visualization of 
KeyWords Plus.
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Figure 4. Bibliographic coupling of authors (A), 
countries (B), and organizations (C) that contributed 
to the 100 most-cited articles in scrub typhus 
research.
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Table 4. Associations between citations and study variables

Characteristic Research Spearman r p

No. of authors 392 0.668 < 0.001
No. of institutions 129 0.692 < 0.001
No. of years since publication 41 0.869 < 0.001
Journal impact factor (2019) 49 0.158 0.277
No. of countries 21 0.963 < 0.001

B

C

A

highlighted future trends and popular topics in ST research. 
The institutions which produced the most research were 

primarily located in Asian countries such as Thailand, India, 
and South Korea, among others. This reflects the burden of 
the disease, as ST is endemic in the Asia-Pacific region and 
therefore influences research efforts in these countries. 
However, contributions from other regions and countries 
such as the US show the worldwide scope of ST research.  

In terms of link strength, the 100 most-cited studies were 
produced through collaboration among different authors, 
countries, and institutions. From one perspective, this 
could imply the importance of collaborative efforts and 
partnerships in achieving research advances in the field 
and making them available in well-known databases. The 
results of the co-authorship network show the current 
state of collaboration and the most influential authors who 
produced the top-cited studies on ST. Evidence from the 
network analysis reveals a significant level of collaboration 
among authors in the field, visualized in 3 broad clusters. 
Collaboration is vital, as it enables the sharing of knowledge 
and scientific findings such as genome sequences and 
possible development of an ST vaccine.

Strengths and Limitations 
By using bibliometric and visualization analyses, the present 
study furnishes deep insights into the 100 most-cited articles 
on ST. However, some limitations must be addressed. First, 
we analyzed results from a single database (WoS). Thus, 
there is a possibility of having missed key top-cited articles 
that are only available in other databases such as Scopus, 
PubMed, and Google Scholar. Therefore, the results of our 
assessment might not be fully comprehensive. Second, we 
only included studies published in the English language 
and overlooked studies published in other languages, which 
may themselves be highly cited. Third, it was not possible to 
search by category or to search for the top-cited articles in 
relevant fields, either manually or from the WoS website.

Conclusion

This study is the first bibliometric analysis of the 100 most-

which confirms the quality of the ST research being published 
by these journals. 

Our study shows that only 20% of the top-cited articles 
on ST reported funding. As previously reported, funding is a 
potential mechanism to encourage and increase productivity 
within a given field. Thus, to enable researchers to carry out 
more ST research in key fields such as the development of 
vaccines for ST prevention and control, increased funding is 
crucial [18].

The analysis of keywords indicated that the top-cited 
articles on ST covered various key aspects of ST including 
diagnosis, diseases symptoms, infection, its effect on children, 
clinical treatments, and advance diagnostic methods such 
as the use of polymerase chain reaction. These keywords 
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cited articles on ST indexed in WoS. We found that the trend 
and growth of most-cited articles on ST had a significant 
increase. The majority of articles originated in the US 
and various Asian countries, which showed a significant 
contribution to new research in the field, with strong research 
collaboration across authors, countries, and organizations. 
The American Journal of Tropical Medicine and Hygiene  
was the most prolific publisher of ST articles in terms of 
journals. Mahidol University in Thailand led the list of the most 
prolific institutions producing ST research. An article’s citation 
count was significantly correlated with the number of authors, 
institution, years since publication, and countries involved, but 
not with JIF. In addition, only 20% of articles received funding, 
so adequate funding and institutional capacity-building are 
required to increase the impact of future developments in 
ST research. These findings may provide new insights for 
researchers and health policy-makers, thereby enabling a 
better understanding of the ST disease globally.
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Table S1. Characteristics of metadata; Table S2. The 100 most-
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