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Background: A bibliometric analysis was performed to reveal the current status of investigations in 
infectious diseases in patients with liver transplantation (LT) and to prioritize future research needs.
Methods: The present study comprehensively retrieved publications relevant to infectious diseases in 
LT recipients published between 2010 and 2020. The search was conducted on the Web of Science (WoS) 
database. A bibliometric analysis was conducted through machine learning and visualization tools, including 
VOSviewer, Bibliographic Item Co-Occurrence Matrix Builder, and Graphical Clustering Toolkit. Research 
hotspots and trends in the field were assessed, while the contributions and collaborations of countries, 
institutions, and authors were documented.
Results: A total of 691 publications were analyzed. Research output sharply increased in 2015, with a fast 
drop afterward. “Liver transplantation” was the most frequent keyword, with strong links to “hepatitis C 
virus” and “infection”. Study areas included risk factors of infectious diseases in LT recipients, pathogens 
causing post-transplantation infections, antibacterial therapy and prophylaxis for peritransplant infection 
complications, living donor LT, and pediatric LT. The efficacy and safety of direct-acting antivirals (DAAs) 
for hepatitis C virus (HCV) infection among liver transplant recipients has attracted recent research interest. 
Didier Samuel was the most productive author, while Xavier Forns was the top-cited author. Shanghai Jiao 
Tong University was the most productive contributor, and Gilead Sciences was the most cited organization. 
Moreover, the USA was the greatest contributor. Gastroenterology was the most cited journal, while Liver 
Transplantation was the most prolific journal.
Conclusions: This bibliometric analysis will better understand the research status of infectious 
complications in LT recipients and forecast future research trends. Priority should be given to identifying 
risk factors for peritransplantation infections and effective treatments against infectious complications in the 
coming years.
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Introduction

Liver transplantation (LT) has become a suggested therapy 
for patients with end-stage liver disease or fulminant 
liver failure (1,2). Between 2005 and 2015, there were 
93,812 new waitlist registrants for LT in the USA (3). 
The most common etiologies for LT were alcoholic liver 
disease (ALD), nonalcoholic steatohepatitis (NASH), 
and hepatitis C virus (HCV) (4-6). For pediatric patients, 
the leading cause of LT was biliary atresia (7). Post-
transplantation infections often occur after LT, with an 
incidence ranging from 5% to 48% due to the application 
of immunosuppressants and glucocorticoids (8,9). Infectious 
complications are significant sources of prolonged length of 
mechanical ventilation (MV) and intensive care unit (ICU) 
stay, as well as early and long-term death for LT recipients 
(8,10). Recipient age, pretransplant total psoas area (TPA), 
pretransplant total bilirubin level, Child-Pugh classification 
C, and red blood cell transfusion were once identified as 
independent risk factors for postoperative infections (10,11).

Bibliometric analysis has become a good tool for the 
quantitative analysis of academic research at diversified 
levels (12) and has been extensively used in various 
disciplines to examine scientific emphases and landmarks 
comprehensively (13,14). 

Therefore, we sought to conduct a bibliometric overview 
of relevant publications in the field of infectious diseases in 
patients with LT. Our overarching goals were to explore the 
significance of publications in this discipline and discover 
the research progress and hotspots.

Methods

Search strategy 

The Web of Science (WoS) database (core collection 
database) (Thomson Reuters, New York, NY, USA), 
associated with the EmBase database, was chosen to conduct 
a comprehensive search from Jan 1st, 2010 to Dec 31st, 
2020. The search strategy syntax included the following 
infection-related terms: “infectious disease”, “infection”, 
“pneumonia”, “surgical site infection”, “bloodstream 
infection”, “abdominal infection”, “urinary tract infection”, 
“sepsis” based on infections with high incidence after LT 
(8,9), and the LT-related terms were: “liver transplantation”, 
“liver grafting”, “liver transplant”, “hepatic transplantation” 
according to the Medical Subject Headings (MeSH) 
database (https://www.ncbi.nlm.nih.gov/mesh/). The 
publication type was limited to original articles, while 

languages other than English were excluded.

Bibliometric statistical analysis

Overview of WoS database output
General characteristics of the retrieved documents were 
determined from each database, including the publication 
year, region or country, research category, authorship, 
and citation counts. The annual/national distribution and 
growth trends were visualized through the dycharts analysis 
platform (https://dycharts.com/).

Network analysis
The full data of the included publications were downloaded 
in text format from the WoS database. The bibliometric 
analysis was conducted through VOSviewer (version 1.6.10, 
Leiden University, Netherlands) to present the collaboration 
network, emphases, and future trends in the relevant 
field. The collected data were imported into VOSviewer 
software. Authorship, affiliation, citation, keywords, and 
theme words were extracted and analyzed. Finally, bubble 
maps were generated to visualize the bibliometric analysis 
results. In the bubble maps, colors indicate item clusters, 
and the distance and width of lines between two bubbles 
indicate the frequency of co-occurrence. The sizes of 
bubbles indicate the amounts of documents, citations, and 
occurrences in co-authorship, citations, keywords/theme 
words, co-occurrence analysis, respectively. 

Co-word analysis
Co-word biclustering analysis can display hotspots in a 
research discipline. Bibliographic Item Co-Occurrence 
Matrix Builder (BICOMB) (version 2.0), created by 
Professor Lei Cui from China Medical University, 
extracted data from retrieved documents. Subsequently, 
high-frequency keywords/source documents and high-
frequency keywords/high-frequency keywords matrices 
were generated. Then, the matrix was further analyzed and 
visualized by Graphical Clustering Toolkit (gCLUTO) 
software (Version 1.0) designed by Rasmussen and Karypis 
(University of Minnesota, Minneapolis, MN, USA). A 
heatmap matrix was then generated, in which the content 
of the column was the identification number of source 
literature, and the row was the high-frequency keyword. 
Therefore, the semantic relationships between high-
frequency keywords and documents on infectious diseases 
in patients with LT were shown to reveal hotspots and their 
application domains. Meanwhile, the co-word clusters of 

https://dycharts.com/
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high-frequency keywords were visualized by a mountain 
matrix.

Results

Scientific performance and output 

A total of 619 documents on infectious diseases in patients 
with LT were identified in the WoS core database between 
January 2010 and December 2020. The literature counts 
by region/country were ranked to present the worldwide 
distribution of scientific literature in the field of infectious 
diseases in patients with LT (Figure 1). The USA [133], 
China [87], Japan [61], Germany [55], and Italy [51] 
were the most productive countries in terms of research 
on infectious diseases in patients with LT. The National 
Institutes of Health (NIH), USA [23], United States 
Department of Health Human Services [23], National 
Natural Science Foundation of China (NSFC) [16], Ministry 
of Education Culture Sports Science and Technology Japan 
(MEXT) [12], and NIH National Institute of Diabetes 
Digestive Kidney Diseases (NIDDK) [12] were the top 
five funding agencies. Transplantation [318], surgery [296], 
gastroenterology hepatology [287], immunology [145], and 
infectious diseases [127] were the most focused research 
areas. The volume of journals that published more than five 
manuscripts on infectious diseases in patients with LT was 
low [20], while 106 journals published relevant papers. Liver 
Transplantation [76], Transplantation [73], Hepatology [48], 
American Journal of Transplantation [42], and Transplantation 
Proceedings [39] ranked as the top five source journals 

covering study areas of infectious diseases in patients 
with LT. Didier Samuel [25], Xavier Forns [19], Stefano  
Fagiuoli [17], Sarah Arterburn [15], and John G. Mchutchison 
[15] were the most productive authors. Shanghai Jiao 
Tong University [19], Sun Yat-Sen University [16],  
Hannover Medical School [15], University of Paris [15], and 
Hôpital Paul Brousse [14] stood out with the largest volume 
of output.

Structural and thematic development

There were 490 author keywords retrieved from the 619 
included publications. Of these, 20 keywords were enrolled 
in the bibliographic analysis, as they appeared more than 
five times. “Liver transplantation” had the largest volume 
of occurrences [138] with a total link strength of 118, and 
had strong links to “hepatitis C virus” (link strength, 25; 
occurrences, 32), “infection” (link strength, 11; occurrences, 15),  
“hepatitis C” (link strength, 10; occurrences, 12), and “hepatitis 
B virus” (link strength, 9; occurrences, 11) (Figure 2).

A total of 184 theme terms that appeared more than 
10 times were retrieved. Then, they were divided into 
6 theme clusters. The red cluster represented the risk 
factors, incidence, and mortality of infectious diseases after 
LT, and the green cluster represented antiviral therapy 
for the recurrence of HCV infection after LT. The blue 
cluster represented studies on preventing or prophylaxis of 
hepatitis B virus (HBV) recurrence after LT (Figure 3A). 
Figure 3B shows the overlay visualization map of the theme 
terms. The color of the bubble presented the average time 
of publication. The yellow color indicated a recent hot 
topic. “DAA” was the newest study hotspot (occurrences, 
11; average publication time, 2017), and “independent risk 
factor” (occurrences, 26; average publication time, 2016) 
was a current focus. Simultaneously, high-frequency theme 
words were also visualized by a word cloud. “Treatment”, 
“hepatitis C virus infection”, “donor liver transplantation”, 
“risk factor”, and “hepatitis C virus” were ranked as the top 
5 active theme words (Figure S1).

Bibliometric analysis of citations

Table 1 shows the top 10 most cited documents in terms of 
infectious diseases in patients with LT. Most publications 
were trials investigating direct-acting antivirals (DAAs) 
for prophylaxis or treatment of HCV infection after 
LT. Simultaneously, epidemiological investigation also 
generated interest, including those on the prevalence of 

Figure 1 Overview of publication output. The annual amounts of 
publications of the top 10 prolific region/countries in infectious 
diseases in patients with liver transplantation researches from 2010 
to 2020.
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HCV infection or ALD among liver transplant waitlist 
patients, polymorphisms of genotypes predicting antiviral 
therapy response in liver transplant recipients, and risk 
factors for infection in post-liver transplant patients. 
Moreover, hepatitis E infection in patients with LT was 
a hot topic. The article “Daclatasvir with sofosbuvir and 

ribavirin for HCV infection with advanced cirrhosis or 
post-liver transplantation recurrence”, written by Poordad 
et al. and published in Hepatology in 2016, had the largest 
volume of citations [289]. The rankings of the top 10 most-
cited authors, source journals, institutions, and countries 
are presented in Tables S1-S4. Xavier Forns from Hospital 

Figure 2 Bibliometric network of keywords. VOSviewer was used to analyse and visualize the co-occurrence of retrieved high-frequency 
author keywords. Various colors presented different clusters, bubble size revealed volume of appearances, the thickness of lines showed 
occurrence frequency of linkage.

Figure 3 Bibliometric network of terms from title and abstracts. (A) Bubble network map of the theme terms; (B) bubble overlay map of the 
research topics. The bubble size represented the appearances of theme terms (A,B). The distance between bubbles exhibited their occurrence 
frequency. In map A, colors were used to distinguish terms clusters, while in map B, colors indicated average publication time.
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Table 1 The articles ranking top ten in volume of citations on infectious diseases in patients with liver transplantation

Rank Author (publication year) Title Journal Citations

1 Poordad F, et al. (2016) Daclatasvir with sofosbuvir and ribavirin for hepatitis C virus 
infection with advanced cirrhosis or post-liver transplantation 
recurrence

Hepatology 289

2 Charlton M, et al. (2015) Sofosbuvir and Ribavirin for Treatment of Compensated Recurrent 
Hepatitis C Virus Infection After Liver Transplantation

Gastroenterology 257

3 Curry M, et al. (2015) Sofosbuvir and Ribavirin Prevent Recurrence of HCV Infection After 
Liver Transplantation: An Open-Label Study

Gastroenterology 241

4 Goldberg D, et al. (2017) Changes in the Prevalence of Hepatitis C Virus Infection, 
Nonalcoholic Steatohepatitis, and Alcoholic Liver Disease Among 
Patients with Cirrhosis or Liver Failure on the Waitlist for Liver 
Transplantation

Gastroenterology 236

5 Charlton M, et al. (2011) Interleukin-28B Polymorphisms Are Associated with Histological 
Recurrence and Treatment Response Following Liver Transplantation 
in Patients with Hepatitis C Virus Infection

Hepatology 169

6 Kamar N, et al. (2010) Pegylated Interferon-alpha for Treating Chronic Hepatitis E Virus 
Infection after Liver Transplantation

Clinical Infectious 
Diseases

126

7 Krell RW, et al. (2013) Association Between Sarcopenia and the Risk of Serious Infection 
Among Adults Undergoing Liver Transplantation

Liver Transplantation 124

8 Benson AB, et al. (2011) Differential Effects of Plasma and Red Blood Cell Transfusions on 
Acute Lung Injury and Infection Risk Following Liver Transplantation

Liver Transplantation 78

9 Halac U, et al. (2012) Chronic hepatitis E infection in children with liver transplantation Gut 74

10 Cholankeril G, et al. (2018) Alcoholic Liver Disease Replaces Hepatitis C Virus Infection as the 
Leading Indication for Liver Transplantation in the United States

Clinical Gastroenterology 
and Hepatology

69

Clinic Barcelona, who published 19 articles, was the most 
cited author (662 citations). Gastroenterology (impact factor 
17.373 in 2019), which published 20 articles on infectious 
diseases in patients with LT, was the most cited journal (780 
citations). An organization analysis revealed that Gilead 
Sciences (a pharmaceutical company), which published 10 
articles, had the highest citations (608 citations). Moreover, 
the USA had the highest volume of citations (2,210 
citations).

Research hotspots

Biclustering analysis presented the matrix and mountain 
visualization of hot topics. A total of 19 high-frequency 
terms were retrieved (Table S5). Then, the word/source 
matrix and co-word matrices were generated, as shown in 
Table S6 and Table S7. In the visualization matrix, there 
were 3 clusters in the high-frequency keyword/source 
article matrix shown in the heatmap (Figure 4), while the 
high-frequency keyword co-word matrix is shown in the 
mountain diagram in Figure S2. These clusters were further 

analyzed to identify the narrower topics of each research 
group.
 Clus ter  0 :  common in fec t ions  pa thogens 

after LT, including HBV, HCV, and human 
immunodeficiency virus;

 Cluster 1: risk factors for infection, including 
bacterial infection and cytomegalovirus infection, 
after living donor LT;

 Cluster 2: infections in pediatric patients with LT.

Discussion

In the present bibliometric analysis of infectious diseases 
in patients with LT, 691 publications were retrieved from 
the WoS core database. A comprehensive overview of 
research productivity regarding infectious diseases in 
patients with LT over the past decade was presented. 
Research output sharply increased in 2015 with a fast drop 
afterward, and the USA, Shanghai Jiao Tong University, 
and Didier Samuel were the greatest contributors at the 
national, organizational, and individual levels in this field. 

https://cdn.amegroups.cn/static/public/ATM-21-2388-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2388-Supplementary.pdf
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“Liver transplantation” was the most frequent keyword, 
with strong links to “hepatitis C virus” and “infection”. 
Investigation areas included risk factors and the prevalence 
of infectious diseases in LT recipients, the most common 
pathogens causing post-transplantation infections, therapy, 
and prophylaxis for peritransplant infection complications, 
living donor LT, and pediatric LT. The efficacy and safety of 
DAAs for HCV infection among liver transplant recipients 
have attracted recent research interest.

LT has already developed into a guideline-recommended 
treatment for patients with terminal-stage liver diseases in 
the last decade (15,16), and has achieved significant progress 
with improvements in surgical techniques. Since the early 
stage of this century, the survival rate after transplantation 
has been a success, far beyond 85% in the first year and 
close to 75% in the following 5 years (17). Moreover, with 
second-generation DAA agents’ official recognition and 
approval, the survival rates may rise further (4). Thus, more 
operations were performed from 2015 to 2020 in China, 
the USA, and England in patients with hepatocirrhosis, 
biliary atresia, or even liver cancer. More studies were 
performed during that period, and more research 
papers were published that focused mainly on operative 
approaches, clinical effects, and opportunistic infections 

after transplantation (18,19).
Published research has revealed that infectious diseases 

are the most common cause of death for LT patients (6). 
Viral hepatitis was once recognized as one of the most 
serious complications in the pre-and post-LT periods 
(15,20). Hepatitis B immunoglobulin following LT has 
been widely used and recently replaced with nucleos(t)ide 
analogs, which can notably inhibit viral reproduction (21).  
The guidelines recommend the paradigm change in the 
medication choices for chronic hepatitis C, consisting of 
effective DAA therapies that almost universally have a 
curative effect (22,23).

With the advancement of in vitro life support technology, 
more LT recipients are admitted to the ICU to successfully 
get through the perioperative period. Thus, hospital-
acquired infections (HAIs) have attracted more attention 
in recent years (24). Bacterial infections account for 
approximately 36% of all secondary infectious diseases, 
followed by fungal infection (12%) and cytomegalovirus 
infection (11%) (25). It was suggested that the rational 
use of antimicrobial agents is the most significant factor, 
and hosts with high-risk factors should be carefully 
screened. Hence, more studies focused on prediction model 
establishment have been performed, and some nomograms 

Figure 4 Visualization heatmap of highly frequent keywords/source literatures matrix in field of infectious diseases in patients with liver 
transplantation research. Block colors represented the frequency of appearance of keywords in documents. The color was darker if the 
keyword had higher frequency.
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have also been built (26,27). Developing a reasonable 
course of antibiotics and exploring the interaction between 
the inflammatory response and host immune status are still 
future trends in this research area (28,29).

The prophylactic use of antimicrobial agents is another 
challenge for LT recipients due to the immunosuppressive 
status. Reducing unnecessary antibiotic use and shortening 
treatment are still the cornerstones of antimicrobial 
stewardship. Molecular diagnosis methods including 
metagenomics next generation sequencing (mNGS) or X-pert 
for pathogen detection have been developed rapidly in recent 
years, which may provide crucial support for the “precise 
treatment” of infectious diseases in LT recipients (30).

In this bibliometric analysis, publications on infections 
in LT patients in the last decade were fully screened and 
analyzed objectively and comprehensively. However, there 
were some limitations. First, the WoS core database only 
collected some of the newly added research papers that are 
updated daily in WoS. In addition, emerging operations 
on pediatric patients with congenital biliary atresia have 
been performed in China. Therefore, research published 
in Chinese might be vital and helpful. Nevertheless, as 
a limitation of VOSviewer, most articles published in 
languages other than English were excluded. Second, 
our study did not include some new studies published in 
preprint online databases, including MedRxiv.

This bibliometric analysis will better understand the 
research status of infectious complications in LT recipients 
and forecast future research trends. Priority should be given 
to identifying risk factors for peritransplantation infections 
and effective treatments against infectious complications in 
the coming years.
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