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ABSTRACT: Since 1997, hand, foot, and mouth disease (HFMD) has become a common health problem in Southeast 
Asia. Various types of research have been conducted and published to handle HFMD. However, until now, many 
children, especially in the Asia-Pacific region, including Indonesia, still have HFMD-causing enterovirus (EV) infection. 
By conducting a bibliometric analysis of the literature published over the last 27 years (1997–2024), the direction of 
HFMD research in children can be predicted, thus research areas that have the potential and still need to be developed 
for future better HFMD treatment can be known. The important HFMD research topics predicted to continue to develop 
were identified through keyword analysis, which was subsequently mapped using a network approach. Based on this 
study, it can be concluded that HFMD research is predicted to lead to the development of synbiotic supplements, which 
can reduce HFMD severity, especially in children, by utilizing a genome-wide association study (GWAS) and machine 
learning. 

KEYWORDS:  Bibliometric analysis; genome-wide association study; hand, foot, and mouth disease; machine 
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▪ INTRODUCTION 

Hand, foot, and mouth disease (HFMD) is an infectious disease caused by various enteroviruses (EV), 
which occurs in adults and children and can have a severe outcome, especially on the health of children under 
five years of age. This disease is also known as Singapore Flu. Human enterovirus A71 (EV-A71 or EV71) and 
coxsackievirus A16 (CV-A16 or CA16) are considered common pathogens and the main cause of HFMD[1,2]. 
This disease usually improves in 7–10 days and leaves no marks on the skin. However, further complications 
can also occur, such as encephalitis, aseptic meningitis, myocarditis, pulmonary edema, acute flaccid paralysis, 
and even death [1],[3]. 

Since 1997, HFMD has become a common health problem in Southeast Asia and continues to increase in 
Asia-Pacific, including Japan, Malaysia, Singapore, Vietnam, China, Taiwan, Thailand, and others [4–6]. 
Indonesia, with an estimated population of 270 million people, of which a third are children, is particularly 
vulnerable to the HFMD epidemic [7]. In 2008, the largest Asia-Pacific pandemic was reported in China. Then, 
HFMD was designated as a class C infectious disease by the Chinese Ministry of Health on May 2nd, 2008. 
HFMD national mortality remains the highest of all class C infectious diseases [5],[8]. Since 2016, three 
inactivated monovalent EV-A71 vaccines have been launched in China. Wang et al. found that the incidence, 
mortality, and severity rates of HFMD cases declined in the years after the EV-A71 vaccination was introduced 
[2],[9]. EV-A71 dominated HFMD cases in China from 2008 to 2012. However, over the last decade, there has 
been an increase in the correlation between CV-A16 and cases of HFMD [8]. 

Recently, HFMD-related research has not only focused on vaccine development but has begun to move 
towards other therapies, such as synbiotic supplements (a mixture of probiotics and prebiotics). The study 
conducted by Guo et al. and Shen et al. showed dysbiosis in the gut microbiota of patients with HFMD. 
Synbiotic supplements administration helped to maintain intestinal flora homeostasis and reduced the risk of 
HFMD [10],[11]. By conducting a bibliometric analysis study on the literature published over the last 27 years 
(1997–2024), the direction of HFMD research in children can be predicted, thus research areas that have the 
potential and still need to be developed for future better HFMD treatment can be known. 
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▪ MATERIALS AND METHODS 

Materials 

The study of forecasting the future research direction for HFMD in children was carried out by 
bibliometric analysis using the PubMed database (https://pubmed.ncbi.nlm.nih.gov/; accessed on January 
31st, 2024) and several computer applications, such as Biblioshiny (the Bibliometrix package in the R program 
version 4.3.2), and VOSviewer v1.6.20 (https://www.vosviewer.com/download). The research literature on 
“hand, foot, and mouth disease” published from January 1st, 1997 to January 31st, 2024, became the test subject 
of this study. 

Equipment 

This study used a notebook with system model specifications: Dell with Intel(R) Core(TM) i5-10210U 
CPU @ 1.60GHz 2.11GHz processor; Random Access Memory (RAM) 8 gigabyte, Windows 10. 

Methods 

Data sources collection 

All data was collected from PubMed collection on January 31st, 2024. Articles searched should include 
“hand, foot, and mouth disease” in the title or abstract. There were no limitations on the types of articles 
collected, but articles should have an abstract and full text for a more comprehensive analysis. There were 41 
articles without full text, thus we did not include them in this study. This bibliometric analysis was conducted 
on research articles published over 27 years, from 1997 to 2024. Furthermore, the article included in this 
analysis should meet inclusion criteria: the species tested should be human, ranging in age from 0 to 12 years, 
and articles should be written in English or Indonesian. Then, all collected articles were saved in PubMed 
format. Thus, they could be opened in the Biblioshiny and VOSviewer applications for further analysis. The 
flow chart of the data source extractions was adapted from the study of Zakaria et al.[12] is shown in Figure 1. 

 

Figure 1. Flow chart of the data source extractions. 

Data processing and cleaning 

Raw data in PubMed format was imported into the Biblioshiny application. It should be ensured that the 
number of articles collected from PubMed is appropriate. Then, those data were exported in Excel format. 
Thus, they could be processed in Microsoft Excel 2010. Duplicate terms should be removed before the data is 
analyzed with the VOSviewer application. Terms with different editorial writings with the same meaning 
could be counted into one word. 
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It is important to recognize that the databases used limitations heavily influence the results, meaning that 
significant studies may be overlooked. Additionally, this study only included articles written in English or 
Indonesian, which led to the underrepresentation of research output from non-English or Indonesian-
speaking countries, even if their work may be highly relevant. Bibliometric analysis tends to focus on the 
quantity of publications, which does not always reflect the quality of research. However, bibliometric analysis 
plays a crucial role in understanding research trends, providing an overarching view of the volume and spread 
of scientific work across various fields. Therefore, this study helps map collaboration networks and offers 
valuable insights for researchers, institutions, and policymakers, particularly regarding HFMD treatment. 

Data analysis 

Two analyses were conducted using Biblioshiny, including keyword analysis at the document level and 
science mapping in terms of conceptual structure. Keyword analysis at the document level consists of the Most 
Frequent Words, WordCloud, TreeMap, Words’ Frequency over Time, and Trend Topics. Meanwhile, science 
mapping in terms of conceptual structure is carried out using a network approach, including a Co-occurrence 
Network, Thematic Map, and Thematic Evolution. In addition, analysis was also conducted with VOSviewer 
v1.6.20 to confirm the results of the Biblioshiny analysis through visualization of the network and overlay. 

 

▪ RESULTS AND DISCUSSION 

Keyword analysis 

All articles from PubMed related to HFMD, published from 1997 to 2024, and met the inclusion criteria 
were 1.029 documents (Supplementary Table S1). The average annual production of articles on HFMD in 
children has increased almost 11 times since 2010. The annual growth rate is 4.32%. From 1997 to 2009, the 
average HFMD article production was 6 per year. Meanwhile, from 2010 to January 2024, its average increased 
to 63.4 per year (Supplementary Table S2). 

Out of 2.473 terms in 1.029 documents, the Most Frequent Word analysis revealed that ‘humans’ was a 
keyword in all documents. Keywords ‘child preschool’ and ‘infant’ ranked second and third, with the 
percentage of occurrence in 1.029 documents at 76.09% and 68.32%, respectively. The top 10 most frequent 
words can be seen in Supplementary Table S3. The top 50 most frequent words were visualized in WordCloud 
and TreeMap in Figures 2a and 2b (see also Supplementary Table S4). The more prominent the word displayed 
in WordCloud or the larger the TreeMap box, the higher the occurrence frequency of that keyword in 1.029 
documents. 

(a) 
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(b) 

 

Figure 2. Top 50 most frequent words: (a) WordCloud; (b) TreeMap. 

A meta-analysis study related to HFMD conducted by Wang et al. demonstrated that age and gender 
affected the prevalence of HFMD. The study showed that HFMD cases were mostly experienced by groups of 
children aged 3–4 years and 4–5 years [5], where this age is included in the preschool age group according to 
the Centers for Disease Control and Prevention (CDC) [13]. HFMD cases were also more common in boys than 
girls, with a ratio of 1.5:1 [5]. The results of this meta-analysis were in line with the keyword analysis in this 
bibliometric study. The keywords of child preschool, male, and female ranked second, fifth, and sixth the most 
frequently appearing in 1.029 documents. 

The Words’ Frequency over Time analysis indicated that the annual article production and the number 
of keyword occurrences were direct proportionally (see also Supplementary Table S5). As previously 
mentioned, from 2010 to the present, there has been a rapid increase in the average annual article production 
compared to the 1997–2009 period. The number of occurrences of the top 10 keywords per year also showed 
a rapid increase since 2010 and peaked in 2019. The top 10 keywords sorted by number of occurrences in 1,029 
documents included humans, child preschool, infant, child, male, female, China/epidemiology, adolescent, 
infant newborn, and phylogeny. 

In 2010 there was an outbreak of onychomadesis caused by coxsackievirus A6 (CA6) infection in Taiwan. 
Most of the patients had HFMD before the nail abnormalities appeared. Patients also had desquamation (skin 
peeling) in unusual places. The phylogenetic analysis conducted by Wei et al. (2011) against the CA6 strain 
based on the viral protein 1 (VP1) gene sequences isolated from Taiwanese patients showed a high degree of 
similarity with CA6 isolated from Finnish patients in 2008. However, it differed from those circulating in 
Taiwan from 1998 to 2009. The study also showed no significant differences in age and gender between the 
CA6 and non-CA6 distribution [14]. 

The HFMD research Trend Topics shown in Figure 3 were merely keywords that met the following 
inclusion criteria: the word minimum frequency was five, and the number of words per year was three. A 
larger blue node indicated higher keyword occurrence frequency. In 2006, the topic of Malaysia epidemiology 
became a trend. Around 2010, trend topics shifted to Taiwan epidemiology. After that, other topics emerged 
regarding viral, RNA, sequence analysis, genetics, and polymerase chain reaction (PCR). In 2015–2018, there 
were many topics regarding the HFMD outbreak in China, infants, child preschool, immunology, and 
enterovirus. From 2021 until now, the research trend topics have focused on enterovirus, antigens, genetics, 
and proteomics. 
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Figure 3. The HFMD research trend topics from year to year. 

This bibliometric analysis study showed that since 2010, the production of articles related to HFMD had 
increased rapidly, and during 2010–2014 most of the research was on viral, RNA, sequences, PCR, and 
genetics. Within a decade after the human genome project was completed in 2003, DNA sequencing efficiency 
increased by about 100.000 times [15]. It is important in advancing bioinformatics analysis [16–19]. Since 
genome sequencing became more affordable and widespread, molecular characterization and phylogenetic 
analysis of the VP1 gene in EV71 and CA16 could be performed in 2011 in Thailand. The study's results 
indicated that the prevalence of a type of enterovirus could change yearly [20]. 

EV71 was first isolated in California in 1969, and its association with HFMD was verified in 1974. The 
major outbreaks dominated by EV71 occurred in 2008–2009 in China and throughout the Asia-Pacific region, 
but until then, effective antiviral therapy and vaccines were unavailable [21]. Hence, the development of the 
EV71 vaccine was urgently needed to stop the spread of the disease. The research results of Yang et al. (2011) 
revealed that neutralizing antibody levels did not correlate with HFMD severity, but cellular immune 
response correlated with clinical HFMD severity [22]. Therefore, Yang et al. concluded that the induction of 
humoral and cellular immunity should be considered in vaccine development [22–24]. 

Since 2008 when the need for vaccines began to be urgent, the research related to HFMD has focused on 
genetic analysis and expressed viral proteins to investigate the characteristics of viral strains that caused 
epidemics; thus, the diversity could be identified[25,26]. In addition, an analysis of the protein-protein 
interaction network from the collection of blood samples of pediatric patients with EV71 infection was also 
carried out to understand the pathogenic mechanism in HFMD[27]. During the period from 2013 to 2014, the 
focus of research moved towards the development of diagnostic methods including the potential biomarkers 
discovery[28] and seroprevalence [29],[30] including proteomic analysis[31] to study the epidemiology of 
HFMD in various epidemic areas [32–35]. 

From May 2013 to February 2014, following the phase 1 and 2 clinical trials[36,37], three vaccine 
manufacturers from China, namely Beijing Vigoo Biological, Sinovac Biotech, and Institute of Medical Biology, 
Chinese Academy of Medical Sciences (CAMS) published results of phase 3 clinical trial demonstrating the 
efficacy of all three inactivated vaccines against EV71. Overall, these three vaccines' safety and efficacy profiles 
were good[38–40]. In 2014, the EV71/CA16 bivalent vaccine also began to be widely developed. Evaluation of 
the EV71/CA16 bivalent vaccine gave promising results with a good safety and efficacy profile; thus, it has 
the potential to be further developed to prevent the spread of HFMD caused by EV71 and CA16 infection[41–
43]. From 2020 until now, research on bivalent vaccines is increasingly being published according to the results 
of the bibliometric analysis in this study. This may be triggered by the increase in CA16-associated HFMD 
cases over the past decade [8],[44]. 
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Science mapping by network approach 

The network of the top 50 most frequent words was visualized in the Co-occurrence Network (Figure 4). 
The 50 keywords were divided into three clusters which were distinguished by color. The keyword's 
frequency increases with the size of the node. The importance of the keyword increases with the node's 
centrality. The betweenness and closeness determined the central position. The node position can be 
considered central if the keywords have betweenness and closeness greater than or equal to their median 
values. Out of the top 50 most frequent words, 21 of them were selected as important keywords 
(Supplementary Table S6), including thirteen keywords in cluster 1 (red), four keywords in cluster 2 (blue), 
and four keywords in cluster 3 (green). 

 

Figure 4. Co-occurrence Network of the top 50 most frequent words. 

The clustering algorithm used in the thematic map analysis was the same as the Louvain Co-occurrence 
Network [45]. The Thematic Map shown in Figure 5a demonstrated that HFMD research with topics on the 
child, China/epidemiology, infant, newborn, phylogeny, disease outbreaks, and genotype would continue to 
grow. Meanwhile, HFMD research in the adolescent to the adult age group is decreasing. In contrast to the 
age group of infants to children in preschool, that is still the topic of basic HFMD research and is considered 
important. Research on HFMD in infants and children in preschool is still actively pursued because this age 
group is the most vulnerable to HFMD due to their immature immune systems and frequent exposure in 
daycare settings. Moreover, HFMD has a severe impact on children’s health under five years [1],[2]. 
Meanwhile, research interest in HFMD tends to decrease in older age groups, such as adolescents and adults. 
This is because HFMD typically manifests as a mild illness in these groups, with symptoms usually being less 
severe compared to younger children. 

This study divided the evolution of research topics regarding HFMD from 1997 to 2024 into three periods: 
1997–2006, 2007–2015, and 2016–2024. The Thematic Evolution and Thematic Map for the three time periods 
are shown in Figures 5b and 5c. Keywords of humans, infants, and child preschool were basic and general 
HFMD research topics from 1997 until 2006. However, from 2007 until now, the three keywords have shifted 
from “basic theme” to “motor theme” which means they are topics that continue to grow in HFMD research. 
Meanwhile, the topics of adolescents, young adults, and adults are increasingly moving towards an "emerging 
or declining theme", which means the research on these subjects has decreased over time, particularly from 
1997 to 2015. Another intriguing finding was the research topics on phylogeny, disease outbreaks, and 
genotype are increasingly moving towards a high degree of centrality and density This analysis indicated that 
phylogeny, disease outbreaks, and genotype related to HFMD are basic research topics and are even 
considered increasingly important and growing. 
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 (a) 

 

(b) 

 

(c) 1997–2006 period 

 

 2007–2015 period 
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 2016–2024 period 

 

Figure 5. Thematic Map and Thematic Evolution: (a) Thematic Map of the top 250 most frequent words; (b) 

Thematic Evolution of the top 250 most frequent word; (c) Thematic Maps on three time periods. 

In 2014, publications on genome-wide association studies and gene polymorphisms related to HFMD 
susceptibility and severity also began to appear, and more were published in 2020 [46]. Those research aimed 
to investigate the association between single nucleotide polymorphisms (SNPs) on the severity of EV71 and 
CA16 infections and the expression of interleukin-10 (IL-10), for example in the type I IFN receptor 1 (IFNAR1) 
gene [47], [2’-5’-oligoadenylate synthetase 1 (OAS1) rs10774671[41], OAS3 rs1859330 G/A [48], IL-10-592 [49], 
scavenger receptor class B member 2 (SCARB2)[50], toll-like receptor 3 (TLR3) [51], and interferon-induced 
transmembrane protein 3 (IFITM3) [52]. Since 2017, research subjects on machine learning have been 
published; however, not as frequently as polymorphism research. Researchers attempted to develop an 
algorithm that has a high level of sensitivity, specificity, accuracy, and area under the receiver operating 
characteristic/ROC curve (AUC) in identifying and predicting the risk of HFMD severity in children from 
electronic medical record data [53–55]. 

HFMD-related keywords mapping with VOSviewer 

Figure 6a maps keywords/terms extracted from titles and abstracts in 1.029 PubMed documents related 
to HFMD. Among 17,879 terms, 1,364 were detected appearing more than five times. Of the 1.364 terms, 60% 
were considered the most relevant. Eventually, 818 terms were selected. After passing the data cleaning stage, 
where terms with the same meaning were considered one word, the remaining 751 terms were mapped and 
divided into five clusters. Cluster 1 (red) contains 189 terms with environmental categories, such as air 
pollution, climate change, daily temperature, high-risk area, HFMD transmission, rainfall, socioeconomic 
factors, urban areas, weather factors, wind speed, and several names of cities/regions in China. Cluster 2 
(green) contains 176 terms with categories of signs, symptoms, and complications of disease, such as acute 
flaccid paralysis, atopic dermatitis, cardiopulmonary complication, central nervous system complication, 
encephalomyelitis, febrile illness, hyperglycemia, hypertension, leukocytosis, maculopapular rash, 
onychomadesis, pulmonary edema, seizure, tachycardia, tremor, and tachypnea. Cluster 3 (blue) contains 161 
terms with genetic categories, such as amino acid sequence, complete genome, genetic diversity, phylogeny, 
mutation, molecular epidemiology, viral RNA, and several strains of coxsackievirus & enterovirus. Cluster 4 
(yellow) contains 137 terms with categories of examinations and markers, such as biomarker, CD4, IgG, IgM, 
enzymes, cytokines, chemokines, cerebrospinal fluid, inflammation, interferon, interleukin, tumor necrosis 
factor, T cells, single nucleotide polymorphism, and peripheral blood mononuclear cell. Cluster 5 (purple) 
contains 88 terms with treatment categories, such as antiviral drugs, monoclonal antibodies, vaccination, and 
neutralizing antibody titer.  

In Figure 6b, the terms/keywords were extracted into a color gradient from purple to yellow, which 
showed the year of publication from old to new. The node size was directly proportional to the occurrence 
frequency of the term. A larger node indicated higher keyword occurrence frequency. In the early years, 
research focused on the disease's signs, symptoms, and complications. Then, it shifted to examinations and 
markers. Meanwhile, topics that have emerged in recent years apart from vaccination have not been widely 
developed, such as genetic diversity, genetic evolution, phylogeny, and whole genome sequence. 
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(a) 

 

(b) 

 

Figure 6. Mapping of keywords extracted from titles and abstracts in HFMD-related research articles using 
VOSviewer: (a) Network visualization; (b) Overlay visualization. 

Despite not ranking highly in the analyses of Biblioshiny and VOSviewer, synbiotic supplementation and 
machine learning were also intriguing keywords besides gastrointestinal microbiome. These research topics 
have been widely published since 2019. The study conducted by Li et al. (2019) showed that the intestinal 
mucosal barrier and host immune function could be compromised by gut microbiota dysbiosis, which was 
characterized by a decrease in butyrate-producing bacteria and an increase in inflammatory bacteria[56–59]. 
Compared to children in good health, the gut microbiota of HFMD patients was less diverse and 
abundant[60,61]. The gut microbiota dysbiosis also promoted enterovirus invasion[56]. This issue was 
considered to exacerbate HFMD cases. Since several studies have found that probiotics are effective as a 
biotherapeutics substance to overcome gut microbiota dysbiosis, which may cause several diseases, for 
instance, dyslipidemia[62] and immune system disorders, Zhang et al. (2019) thought that synbiotic 
supplements administration to children with severe HFMD might be helpful[63]. Unfortunately, 
investigations on the gut microbiota profile of HFMD patients are relatively uncommon in a large 
population[10]. However, this opens novel areas of research related to HFMD that can be massively developed 
in the future. 
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▪ CONCLUSION 

The key trends in research focus have been identified through this bibliometric analysis of the literature 
on Hand, Foot, and Mouth Disease (HFMD) in children from 1997 to 2024. The study shows a significant 
concentration of research on epidemiology, clinical symptoms, and vaccine development, while studies on gut 
microbiota dysbiosis which was considered to exacerbate HFMD cases remain underexplored. Therefore, 
innovative treatments such as synbiotic supplements have not been widely developed. The analysis predicts 
that future HFMD research is likely to shift toward genome studies with the assistance of machine learning in 
developing synbiotic supplements that can reduce the risk of HFMD severity. Briefly, addressing these 
research gaps is essential for improving treatment strategies and ultimately reducing the global burden of 
HFMD in children. 
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