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Background: Hematopoietic stem cell transplantation (HSCT) is an effective method for the treatment 
of hematological malignancies, severe aplastic anemia, and myelodysplastic syndromes. The most common 
infectious complication after HSCT is cytomegalovirus (CMV) infection. The purpose of this study was to 
analyze the status of research related to CMV infection after HSCT by conducting a literature search for 
CMV, hematopoietic, and stem cell transplantation.
Methods: The Science Citation Index Expanded (SCI-E) database in the Web of Science Core Collection 
(WOSCC) was used as the target database for our literature search. The subject search terms were CMV, 
hematopoietic, and stem cell transplantation, with the logical operation ‘AND’. The search date range was 
from 1900 to June 15, 2021. We used CiteSpace software to analyze the literature. The analysis included: 
the annual change in the number of publications, the annual change in the number of references cited, the 
distribution of countries, the distribution of institutions, the distribution of journals, the distribution of 
authors, and the use of keywords.
Results: A total of 1,476 relevant documents were retrieved. The top 5 countries for number of 
publications were the United States, Germany, Japan, China, and Italy, while the top 5 countries for 
centrality scores were the United States, Australia, Germany, France, and Italy. The top 5 institutions for 
the number of publications were: Fred Hutchinson Cancer Research Center, the University of Washington, 
the University of Minnesota, Karolinska Institute, and Peking University. The top 4 institutions for 
centrality scores were: Fred Hutchinson Cancer Research Center, Henri-Mondor Hospital, the National 
Cancer Center, Karolinska University Hospital, and the University of Pavia. There were only 4 authors 
with a centrality score of 0.01. The literature was mainly published in top hematology journals and journals 
for immunization and transplantation. The top 5 keywords used were: cytomegalovirus, bone marrow 
transplantation, recipient, infection, and versus host disease.
Conclusions: We found that CMV infection after HSCT has been attracting more and more attention by 
researchers, and that treatment has been the focus of current research.
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Introduction

Hematopoietic stem cell transplantation (HSCT) is an 
effective method for the treatment of hematological 
malignancies, severe aplastic anemia, and myelodysplastic 
syndromes. Cytomegalovirus (CMV), a DNA virus from 
the herpesviridae family, has a serological positive rate of  
30–97% and usually presents as a recessive infection in 
healthy people (1). CMV in the body of a recessively 
infected person is activated when the body’s immune 
function declines, and the recessive infection can be 
transformed into a dominant infection. CMV infection is 
the most common infectious complication after HSCT, 
with an incidence of 30–70% (2). Clinical manifestations 
in patients include lung infection, inflammation of the 
stomach and intestines, encephalitis, hepatitis, retinitis, 
and asymptomatic CMV. Among them, CMV lung 
infection is the most serious, with a fatality rate of >50% 
(3,4). CMV infection can also affect the immune function 
of patients, increasing the risk of bacterial, fungal, and 
other pathogen infections, as well as graft versus host 
disease (GVHD), and bone marrow failure (5). In recent 
years, due to the preventive application of antiviral drugs 
to patients after HSCT, the incidence of CMV infection 
after transplantation has decreased, and the incidence of 
invasive CMV end-organ diseases has dropped from 30% to  
5% (6). However, the occurrence of multidrug resistance 
and relapsed/refractory CMV infection still affects the 
prognosis of HSCT patients and is an urgent problem in 
need of solutions (7).

Bibliometrics, which is a method for analyzing existing 
documents, has been gradually developing in recent years. 
This method is aimed at a particular problem within a 
specific field and involves searching relevant databases 
to find documents. By analyzing these documents, we 
can understand the current research focus. The research 
overview of an issue can be described in terms of the annual 
publication status and citation status of the literature, the 
countries, institutions, and researchers conducting the 
research, the journals that publish the literature, and the 
keywords used. A general understanding of the research 
trends in a given field has important reference value for 
researchers (8,9). The purpose of this study was to analyze 
the status of research related to CMV infection after HSCT 
by conducting a literature search for CMV, hematopoietic, 
and stem cell transplantation.

Methods

Database

We used the Science Citation Index Expanded (SCI-E) 
database in the Web of Science Core Collection (WOSCC) 
as the target database for our literature search. The SCI-E 
database, founded and published by the Institute for 
Scientific Information, is a citation database of scientific 
and technological papers from more than 170 scientific 
disciplines. It contains more than 8,000 major journals, 
along with their citation information. As an important 
component of the core collection of Web of Science, SCI-E 
is a citation retrieval tool and also an important basis for 
metrological research and scientific research evaluation.

Retrieval method

We used subject term retrieval, which is a common 
retrieval method used in bibliometrics. The subject terms 
were cytomegalovirus, hematopoietic, and stem cell 
transplantation, with the logical operation ‘AND’. There 
was no restriction on the publication date, which ranged 
from 1900 to the final search date for this study on June 15, 
2021.

Analysis method

All search result records and cited references were exported 
in plain text format. We then used CiteSpace software to 
analyze the exported files. The analysis included annual 
change in the amount of literature published, annual 
change in the amount of literature cited, distribution of the 
source countries, distribution of the source institutions, 
distribution of journals, distribution of authors, and the 
use of keywords. The results of the analysis included the 
number of documents; the differences between the source 
countries, institutions, and author relationships; and the 
frequency of keyword use and the relationships between 
them.

Statistical processing

As a descriptive study mainly using quantity and 
percentages to indicate the status of the literature, we did 
not use grouping or comparison between groups, or set a 
P value.
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Results

Document types

We retrieved 1,523 records, of which 47 were recategorized, 
leaving a total of 1,476 documents for inclusion in our 
study (Tables 1,2, Figure 1). The citation frequency of 
these documents totaled 38,784, the average number of 
citations per document was 26.28, and the h-index was 88  
(Figure 2). Among the 1,476 records, there were 1,161 
original articles, 198 reviews, 81 meeting abstracts, 29 
proceedings papers, 21 letters, 15 early access, 11 editorial 
materials, 3 book chapters, 3 reprints, and 1 note. The 
results showed that research literature on CMV infection 
after HSCT is roughly increasing year by year, with 
the number of documents in 2020 greatly increasing. 
The number of references cited showed a more obvious 
increasing trend. These results showed that research in this 
field is currently receiving more and more attention.

Distribution of countries and institutions

We used CiteSpace V software to analyze and generate a 
national visualization map of document sources (Figure 3). 
The figure shows that relevant documents came from 83 
countries and regions, with 484 connections between them. 
Similarly, the institutions visualization map (Figure 4) shows 
that a total of 594 institutions have participated in the 
research of this field, and there are 613 contacts between 
institutions. The top 5 countries for number of publications 
were: the United States, Germany, Japan, China, and 
Italy; and the top 5 countries for centrality score were the 

United States, Australia, Germany, France, and Italy. These 
countries had more relevant research results and also more 
cooperation (Tables 3,4). In terms of research institutions, 

Table 1 Document type analysis

Document type Record count % of 1,476

Articles 1161 78.66

Review articles 198 13.41

Meeting abstracts 81 5.49

Proceedings papers 29 1.96

Letters 21 1.42

Early access 15 1.02

Editorial materials 11 0.75

Book chapters 3 0.20

Reprints 3 0.20

Notes 1 0.07

Table 2 Annual distribution of the number of documents

Year Record count % of 1,476

2021 51 3.46

2020 156 10.57

2019 114 7.72

2018 116 7.86

2017 113 7.66

2016 90 6.10

2015 74 5.01

2014 95 6.44

2013 75 5.08

2012 65 4.40

2011 54 3.66

2010 58 3.93

2009 55 3.73

2008 58 3.93

2007 43 2.91

2006 46 3.12

2005 31 2.10

2004 30 2.03

2003 37 2.51

2002 32 2.17

2001 25 1.69

2000 16 1.08

1999 4 0.27

1998 11 0.75

1997 8 0.54

1996 7 0.47

1995 2 0.14

1994 3 0.20

1993 2 0.14

1992 2 0.14

1991 2 0.14

1990 1 0.07



9617Annals of Palliative Medicine, Vol 10, No 9 September 2021

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(9):9614-9626 | https://dx.doi.org/10.21037/apm-21-2301

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 
Year of publication

N
um

be
r 

of
 p

ub
lic

at
io

n

180

160

140

120

100

80

60

40

20

0

Figure 1 Annual change in the number of publications.
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Figure 2 Annual trends in the frequency of publication citations.
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Figure 3 Visualization map of countries.

Figure 4 Visualization map of institutions.
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the top 5 were: Fred Hutchinson Cancer Research Center, 
the University of Washington, the University of Minnesota, 
Karolinska Institute, and Peking University. The top 4 
institutions for centrality score were: Fred Hutchinson 
Cancer Research Center, Henri-Mondor Hospital, the 
National Cancer Centre, Karolinska University Hospital, 
and the University of Pavia. The results showed that Fred 
Hutchinson Cancer Research Center had the most research 
results and also the most cooperation (Tables 5,6). There 
were many authors who have published more than 10 
articles, but only 4 had a centrality score of 0.01, indicating 
that there was relatively little cooperation between authors 
(Figure 5, Tables 7,8). However, there were more mutual 
citations among authors. Among them, P. Ljungman and 
M. Boeckh were cited more frequently than other authors. 
Further analysis showed that most documents by these 2 
authors were published in top hematology journals or top 
comprehensive medical journals, such as Blood and the 
New England Journal of Medicine (Figure 6, Tables 9,10).

Analysis of journal distribution

The results showed that the 1,476 documents were from 
374 journals, among which 26 journals published more than 
10 articles (Table 11). These 26 journals published a total 
of 833 related articles, accounting for 56.44% of the total 
literature (Table 11). The results showed that research in 
this field is mainly published in the top hematology journals 
and journals for immunity and transplantation. In terms of 
publication citations, hematology journals were cited more 
frequently, along with several top comprehensive medical 

Table 3 Top 10 countries in terms of publications

Rank Country Records

1 USA 461

2 Germany 153

3 Japan 147

4 China 138

5 Italy 131

6 France 85

7 Spain 81

8 England 72

9 Netherlands 58

10 South Korea 55

Table 4 Top 10 countries for centrality

Rank Country Centrality

1 USA 0.32

2 Australia 0.27

3 Germany 0.22

4 France 0.18

5 Italy 0.18

6 Japan 0.14

7 Turkey 0.14

8 Spain 0.11

9 Canada 0.08

10 England 0.08

Table 5 Top 10 institutions for number of publications

Rank Institution Records

1 Fred Hutchinson Canc Res Ctr 56

2 Univ Washington 53

3 Univ Minnesota 38

4 Karolinska Inst 33

5 Peking Univ 27

6 Natl Canc Ctr 26

7 Karolinska Univ Hosp 26

8 Hannover Med Sch 26

9 Mayo Clin 23

10 Hosp Clin Univ 23

Table 6 Top 10 institutions by centrality

Rank Institution Centrality

1 Fred Hutchinson Canc Res Ctr 0.20

2 Hop Henri Mondor 0.18

3 Natl Canc Ctr 0.13

4 Karolinska Univ Hosp 0.09

5 Univ Pavia 0.07

6 Mem Sloan Kettering Canc Ctr 0.07

7 Univ Hosp 0.07

8 Duke Univ 0.07

9 Weill Cornell Med Coll 0.07

10 Univ Washington 0.06
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journals (Tables 12,13).

Keyword analysis

CiteSpace V software was used to generate a keyword 
cooccurrence map. A total of 337 keywords were used in the 
documents, and there were 3,036 links between keywords 
(Figure 7). The top 5 most frequently used keywords were: 
cytomegalovirus, bone marrow transplantation, recipient, 
infection, and versus host disease; the top 5 keywords 
for centrality score were: bone marrow transplantation, 
hematopoietic stem cell, transplantation, cytomegalovirus, 
and versus host disease (Tables 14,15). We then used 
CiteSpace to perform burst detection on frequently used 
keywords (Figure 8). The results showed that in recent 
years, the keywords used in this field mainly involved 
treatment.

Discussion

This study analyzed the status of literature related to CMV 
infection after HSCT. The results showed that the amount 
of literature in this field is roughly increasing year by 
year. Related research and cooperation mainly came from 

Figure 5 Visualization map of coauthors.

Table 7 Top 10 authors for number of articles published

Rank Author Records

1 Boeckh M 18

2 Huang XJ 16

3 Locatelli F 16

4 Xu LP 15

5 Solano C 15

6 Gimenez E 15

7 Navarro D 14

8 Fukuda T 13

9 Bollard CM 13

10 Pinana JL 13

Table 8 Top 10 authors by centrality

Rank Author Centrality

1 Fukuda T 0.01

1 Oshima K 0.01

1 Ganser A 0.01

1 Wolff D 0.01
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developed countries such as the United States, Germany, 
and Italy. Fred Hutchinson Cancer Research Center 
published the largest number of documents and also had 
the most collaborations. However, the results of author 
analysis showed that there was relatively little collaboration 
between authors in this field. Top hematology journals and 
comprehensive medical journals were the most relevant 
journals for this field. Keyword hotspot analysis showed 

that the focus of research in recent years has been on the 
treatment of CMV infection after HSCT.

Since most people carry CMV in their bodies, CMV 
infection is prone to occur when the body’s immunity is 
weakened or suppressed (1). However, it has also been 
found that not every patient receiving HSCT develops 
CMV infection or shows obvious clinical symptoms (2). 
Therefore, analysis of the risk factors for CMV infection 

Figure 6 Visualization map of author co-citations.

Table 9 Top 10 co-cited authors

Rank Author Records

1 Ljungman P 513

2 Boeckh M 483

3 Einsele H 245

4 Peggs KS 159

5 Marty FM 158

6 Nichols WG 154

7 Reusser P 152

8 Przepiorka D 142

9 Goodrich JM 130

10 Winston DJ 127

Table 10 Top 10 cited authors by centrality

Rank Author Centrality

1 Goodrich JM 0.13

2 Einsele H 0.12

3 Bacigalupo A 0.12

4 Peggs KS 0.10

5 Meyers JD 0.10

6 Nichols WG 0.08

7 Ljungman P 0.07

8 Reusser P 0.07

9 Apperley JF 0.07

10 Boeckh M 0.06
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after HSCT has been thoroughly researched. Research 
results have shown that the main risk factors include: (I) 
recipient serum CMV antibody positive (OR =8.0), (II) 
donor serum CMV antibody negative/recipient antibody 
positive (OR =1.2), (III) acute graft-versus-host disease after 
surgery (OR =3.2), (IV) unrelated donors or relative donors 
whose human leukocyte antigens do not match (OR =1.6), 
and (V) anti-CMV drugs were not given preventively after 
transplantation (10,11). Other risk factors include the use 
of antihuman thymocyte immunoglobulin, glucocorticoid 

use, and concomitant Epstein-Barr virus infection during 
the transplant pretreatment regimen (12). All these risk 
factors are associated with defective immune surveillance 
of CMV. Further, the situation of CMV infection in 
children undergoing allogeneic hematopoietic stem-cell 
transplantation is more serious than adults with a higher 
prevalence (13). CMV infection after HSCT mainly 
manifests as respiratory symptoms and other nonspecific 
symptoms, which are easily overlooked. Therefore, when 
transplant patients have any new clinical symptoms, timely 
laboratory tests should be performed to confirm whether 
CMV infection has occurred. The most effective method 
for confirming CMV pneumonia is to use bronchoalveolar 
lavage fluid to detect CMV nucleic acid; if the test is 

Table 11 Top 26 journals by article volume

Publication title Record count % of 1,476

Biology of Blood and Marrow 
Transplantation

203 13.75

Bone Marrow Transplantation 103 6.98

Blood 98 6.64

Transplant Infectious Disease 80 5.42

Frontiers In Immunology 38 2.58

Clinical Infectious Diseases 24 1.63

Annals of Hematology 22 1.49

Cytotherapy 19 1.29

International Journal of Hematology 19 1.29

Transplantation 19 1.29

Haematologica 16 1.08

Journal Of Clinical Virology 16 1.08

Journal Of Medical Virology 15 1.02

Plos One 15 1.02

Blood Advances 14 0.95

European Journal of Haematology 14 0.95

Journal of Infectious Diseases 14 0.95

Experimental Hematology 13 0.88

Pediatric Blood Cancer 13 0.88

Pediatric Transplantation 13 0.88

Clinical Transplantation 12 0.81

Journal of Clinical Microbiology 12 0.81

Transplantation Proceedings 11 0.75

American Journal of Transplantation 10 0.68

Transfusion 10 0.68

Transplantation and Cellular Therapy 10 0.68

Table 12 Top 10 journals cited

Rank Journal Frequency

1 Blood 1,231

2 Bone Marrow Transpl 1,100

3 Biol Blood Marrow Tr 874

4 New Engl J Med 779

5 Clin Infect Dis 670

6 Transplantation 648

7 J Infect Dis 610

8 Brit J Haematol 604

9 Lancet 452

10 Transpl Infect Dis 423

Table 13 Top 10 journals for centrality

Rank Journal Centrality

1 AIDS 0.07

2 Ann Intern Med 0.05

3 Am J Clin Pathol 0.05

4 Am J Ophthalmol 0.05

5 Nature 0.04

6 Antimicrob Agents Ch 0.04

7 J Gen Virol 0.04

8 Am J Med 0.04

9 Antivir Res 0.04

10 JAMA-J Am Med Assoc 0.04
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negative, CMV can generally be ruled out.
There are currently 2 strategies for the prevention of 

CMV infection after HSCT: universal prophylaxis and 
preemptive therapy. Due to the adverse effects of antiviral 
drugs, under strict CMV-DNA testing and immune 
function monitoring, preemptive treatment strategies are 

often adopted (14). However, with the exception of a phase 
III letermovir clinical trial, preemptive treatment strategies 
have not been shown to reduce all-cause mortality in 
patients with CMV infection after HSCT (15). At present, 
most researchers believe that universal prevention strategies 
usually have more advantages than disadvantages for 
patients with a higher risk of CMV infection. In fact, in a 

Figure 7 Visualization map of keyword cooccurrence.

Table 14 Top 10 keywords

Rank Keyword Frequency

1 cytomegalovirus 498

2 bone marrow transplantation 458

3 recipient 311

4 infection 290

5 versus host disease 279

6 disease 259

7 stem cell transplantation 203

8 hematopoietic stem cell transplantation 201

9 risk factor 163

10 cytomegalovirus infection 157

Table 15 Top 10 keywords for centrality

Rank Keyword Centrality

1 bone marrow transplantation 0.30

2 hematopoietic stem cell 0.15

3 transplantation 0.10

4 cytomegalovirus 0.09

5 versus host disease 0.07

6 recipient 0.06

7 infection 0.06

8 blood 0.05

9 polymerase chain reaction 0.05

10 disease 0.04
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systematic review and meta-analysis, the authors found that 
there was no effective strategy for reducing the risk of blood 
transfusion-related CMV infection in high-risk patients (16). 
So, further research is needed to identify which patients 
might benefit from universal prevention strategies (17). 
Real-time PCR is the main method to detect CMV in this 
kind of patients and whole blood or plasma samples can 
both be used to detect CMV (14).

With respect to treatment, ganciclovir and valganciclovir are 
still used as first-line drugs. The most common adverse reaction 
is bone marrow suppression, with an incidence of 20–50%. 
Long-term use is prone to drug resistance (6,18,19). In recent 
years, there has been significant progress in the development 
of new anti-CMV drugs (20), including letermovir (15),  
maribavir (21), and brincidofovir (22). The results of a 
current phase III clinical trial are encouraging (20). In 
addition to antiviral therapy, immunoglobulin can also be  
considered (23). However, as there remains a lack of 
consensus regarding its effects, careful consideration is 
needed when using immunoglobulin. CMV-specific T cell 
infusion may provide a new option for the prevention and 
treatment of CMV infection after transplantation, but this 
therapy is limited by the donor’s CMV serological status 

and the donor’s own immune response to CMV infection 
(24,25). Related studies are currently being carried out more 
frequently, with most research concentrated in the United 
States, Germany, and Italy, and there is more cooperation 
between countries and institutions, which is consistent with 
our research results. However, due to the large number of 
participating institutions and authors, cooperation between 
the main researchers in this field has been relatively 
scattered. More international and multicenter cooperation 
is needed in the future to advance research in this field. 

This study had some limitations. Our analysis found 
that the authors were relatively unsystematic when using 
keywords. The 1,476 documents we used included a total 
of 337 keywords, and some of these had similar or identical 
meanings. This created obstacles for us in accurately 
analyzing the use of keywords. In future research, we 
hope to combine synonymous keywords through software 
calculations to more accurately reflect the focus of research 
in different periods.
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