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Health care-associated infections (HCAIs) pose a substantial threat to immunocompromised individuals and rep- 

resent a frequent adverse event in health care delivery. The aim of this study was to evaluate the global research 

landscape of HCAIs among immunocompromised populations before and during the COVID-19 pandemic. A sys- 

tematic search of articles published between 2013 and 2022 in the Web of Science Core Collection database was 

conducted, and content analytics and integrated science mapping were used for data analysis and interpretation. 

The review identified 1,473 articles. Only 633 articles authored by 4,151 individuals and published in 366 jour- 

nals were included. The average citation rate was 14.27 per document, and research production grew annually 

by 9.07% peaking in 2021 during the COVID-19 pandemic but declining in 2022. The United States emerged 

as the most productive country, with 743 publication appearances and 2,485 citations. Keywords such as “epi- 

demiology, ” “infection, ” “mortality, ” and “risk factors ” were frequently encountered in the analyzed literature. 

The main research themes, including “mortality, ” “sepsis, ” “immunosuppression, ” “expression, ” and “pneumo- 

nia, ” underscored the focal points of importance within this domain. This study highlighted the growing interest 

regarding HCAIs in immunocompromised populations, especially during the COVID-19 pandemic. The study find- 

ings underscore the need to advance research efforts to understand different immunocompromised states, develop 

tailored infection prevention measures, and address health care disparities to mitigate the burden of HCAIs among 

immunocompromised individuals. 
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. Introduction 

Health care-associated infections (HCAIs) pose a sub-

tantial global public health challenge, with serious impli-

ations for patient well-being and health care costs [ 1 ].

hese infections lead to increased morbidity, mortality,

rolonged hospital stays, and elevated expenses, particu-

arly in intensive care units (ICUs) where invasive proce-

ures and devices are extensively used [ 2 ]. 

HCAIs account for more than 140,000 global deaths

ach year [ 3 ], with approximately 30% occurring in

CUs [ 4 ]. Factors contributing to the occurrence of HCAIs

re multifaceted, encompassing pathogen characteristics,

ost factors, treatment-related aspects, health care pro-
Abbreviation: HCAIs, Health care-associated infections; WoS, Web of Science; IC

etwork Map Analysis; AGR, Annual Growth Rate; TC, Total Citations. 

E-mail address: chidoziedeclan@gmail.com 

ttps://doi.org/10.1016/j.imj.2024.100127 

eceived 31 December 2023; Received in revised form 23 March 2024; Accepted 4 A

772-431X/© 2024 The Author(s). Published by Elsevier Ltd on behalf of Tsinghua U

 http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

1 
esses, and environmental conditions [ 5 ]. Although en-

ogenous sources are the primary origin of pathogens,

ransmission from human and environmental sources dur-

ng health care delivery is also a concern [ 6 ]. 

In the 21st century, hospital-acquired infections have

ecome more alarming owing to factors such as the pres-

nce of a large number of immunocompromised patients,

ncreased outpatient treatments leading to a higher acu-

ty level among hospitalized individuals, invasive medi-

al procedures bypassing natural protective barriers, po-

ential pathogen spread facilitated by health care person-

el, inadequate sanitation protocols, and the emergence

f drug-resistant microorganisms owing to routine antimi-

robial use [ 7 ]. 
Us, Intensive Care Units; BIA, Bibliometric Index Analysis; SNMA, Scientific 
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HCAIs affect both adult and pediatric patients, with

loodstream infections, pneumonia, and urinary tract in-

ections being common manifestations [ 8 ]. Among pe-

iatric populations, infants under 1 year of age, those

ith extremely low birth weight, and children in the ICU

re particularly vulnerable [ 2 , 9 ]. Effective containment

trategies include instrument disinfection, hand hygiene

or hospital staff and visitors, and stringent infection con-

rol practices [ 10 ]. Given that a considerable proportion

f HCAIs are preventable through intensive hygiene and

ontrol programs, it is crucial to prioritize preventive

easures [ 7 ]. 

Existing evidence lacks a comprehensive understand-

ng of the global research landscape concerning HCAIs

mong immunocompromised individuals. Whereas pre-

ious studies have primarily focused on individual risk

actors [ 11 ], a gap remains regarding the specific con-

ext of HCAIs in this vulnerable population. Therefore,

he aim of this study was to assess the current state of

esearch on HCAIs among immunocompromised individ-

als, exploring research trends, key contributors, and the

eographic distribution of publications. By mapping the

xisting knowledge and research output, this analysis can

rovide a comprehensive overview and identify research

aps that require further exploration. 

. Methods 

.1. Study approach and data source 

Following the description of Aria et al. [ 12 ], a system-

tic review and bibliometric analysis was used to evaluate

he research landscape of HCAIs among immunocompro-

ised individuals globally. This approach was chosen to

ubstantially enhance the quality of the literature review

sing a transparent, systematic, and replicable method.

his holistic approach to the literature review process en-

ures a comprehensive and objective evaluation of the

CAI research landscape among immunocompromised

opulations [ 13 ]. This method included bibliometric in-

ex analysis (BIA) and scientific network map analysis

SNMA). Whereas BIA provides insights into publication

rends and major sources of research publications, SNMA

an be used to visualize the conceptual structure of the

andscape including the keyword co-occurrence network

nd thematic maps of the landscape [ 12 ]. 

Relevant research publications on HCAIs among im-

unocompromised individuals were collected from the

eb of Science (WoS) core collection database and its

arious indexes. These indexes include the Science Ci-

ation Index Expanded, Social Sciences Citation Index I,

rts & Humanities Citation Index, Conference Proceed-

ngs Citation Index-Science, Conference Proceedings Ci-

ation Index-Social Science & Humanities, Book Citation

ndex-Science, Book Citation Index-Social Sciences & Hu-
2

anities, and Emerging Sources Citation Index. We chose

he WoS database as our primary data source owing to

ts extensive coverage of scholarly literature across mul-

iple disciplines. WoS serves as a comprehensive reposi-

ory of citation data and has become a widely recognized

nd utilized source for conducting bibliometric analyses.

he database also provides essential bibliometric indica-

ors that are crucial for bibliometric analysis [ 14 ]. 

.2. Search and data retrieval 

A systematic search was conducted in the WoS

atabase on June 24, 2023 to identify relevant pub-

ications on HCAIs among immunocompromised in-

ividuals. The “title search ” strategy was used ow-

ng to its proven effectiveness in retrieving substan-

ial and relevant publications with increased sensitiv-

ty and specificity [ 15 ]. The search and retrieval pro-

ess followed the guidelines outlined in the Preferred

eporting Items for Systematic Reviews and Meta-

nalyses (PRISMA) [ 16 ]. A comprehensive set of search

erms was used, comprising keywords related to HCAIs

 “health care-associated infection∗ ” OR “cross infec-

ion ” OR “nosocomial infections ” OR “nosocomial in-

ection ” OR “hospital acquired infection ” OR “hospi-

al acquired infections ” OR “hospital-acquired infection ”

R “hospital-acquired infections ” OR “health care as-

ociated infection ” OR “health care associated infec-

ions ” OR “health care-associated infection ” OR “health

are-associated infections ”) and immunocompromised

ndividuals ( “immunocompromised ” OR “immunodefi-

ient ” OR “immunosuppressed ” OR “transplant recipi-

nts ” OR “Immunodeficienc∗ ” OR “immunocompromis∗ ”
R “Immunosuppres∗ ”). To refine the search results, spe-

ific criteria were applied. These included limiting the

ublication years to the period from 2013 to 2022, focus-

ng only on research articles as the document type, and

electing English as the language for inclusion. The re-

rieved data from the databases were exported in BibTeX

ormat and imported into the Mendeley referencing soft-

are where they were de-duplicated. To ensure the rele-

ance and appropriateness of the included articles, a vali-

ation process was conducted. This included abstract and

ull-text screening. Only relevant articles with the desired

ate of publication and written in English were included

n the final analysis. 

.3. Data analysis 

A descriptive approach was used, encompassing data

isualization and contextual scientific mapping. This

nalysis was performed using the biblioshiny application

f the bibliometrix package in RStudio version 4.2.2 (The

 Project for Statistical Computing, Vienna, Austria). Var-

ous bibliometric parameters were examined, including
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Table 1 

Global summary of data on HCAIs among immuno- 

compromised people (2013–2022). 

Description Results 

Main information about the data 

Timespan 2013:2022 

Sources (Journals, Books, etc) 366 

Documents 633 

Annual Growth Rate (%) 9.07 

Document Average Age 4.74 

Average citations per document 14.27 

References 21112 

Document contents 

Keywords Plus (ID) 1704 

Author’s Keywords (DE) 1676 

Authors 

Authors 4151 

Authors of single-authored documents 10 

Authors collaboration 

Single-authored documents 10 

Co-Authors per document 7.29 

International co-authorships (%) 16.03 

Document types 

Article 633 
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rominent sources of publications, keywords and trend-

ng topics, production by country, and conceptual struc-

ures of the landscape. The annual growth rate of pub-

ications was estimated using Poisson regression models

wing to the applicability in modeling count data, which

s aligned with the discrete nature of annual publication

ounts. The average age of the included documents was

stimated by calculating the difference between the pub-

ication year of each document and the current year at the

ime of analysis, as shown in Eq. (1) . 

𝑣𝑒𝑟𝑎𝑔 𝑒 𝐴𝑔 𝑒 =
𝑛 ∑

𝑖 = 1 

( 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑌 𝑒𝑎𝑟 − 𝑃 𝑢𝑏𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑌 𝑒𝑎𝑟( i) 
𝑛 

) 

(1) 

here Current Year is 2022 (the final year of the study pe-

iod), Publication Year( i) = publication year of each indi-

idual document within the dataset, and n = total number

f included documents . 

. Results and discussion 

.1. Retrieved publications 

A total of 1,473 publications were retrieved from the

iterature. After the first refinement, 652 publications

ere excluded because their publication dates fell outside

he specified period of 2013–2022. The remaining 821

ublications underwent further refinement based on arti-

le type, and only original articles were retained, resulting

n a final selection of 633 publications, which were vali-

ated and finally included in subsequent analysis (shown

n Fig. 1 ). 

.2. Characteristics of included studies 

Systematic analysis of the included studies on HCAIs

mong immunocompromised individuals can provide im-

ortant insights into the research landscape in this field.

 total of 633 documents from 366 different sources, in-

luding journals and books, were identified and analyzed

shown in Table 1 ). The analysis covered a timespan from

013 to 2022, capturing the most recent advancements

n understanding and management of HCAIs among im-

unocompromised individuals, including advancements

n infection prevention and control practices, emerg-

ng pathogens, and changes in the landscape of disease

urden. 

The annual growth rate of 9.07% indicates a contin-

ous and increasing interest in studying HCAIs among

mmunocompromised populations. These findings reflect

he evolving nature of research in this area and grow-

ng recognition of the importance of HCAIs in the con-

ext of immunocompromised individuals. The average age

f the included documents was 4.74 years, indicating
3

he incorporation of up-to-date knowledge. This demon-

trates the relevance of the findings and highlights the

ontinuous efforts to understand and address HCAIs in

his vulnerable population. Furthermore, the average ci-

ations per document, which amounted to 14.27, sug-

ested a considerable level of recognition and impact for

he studies in the field of HCAIs among immunocom-

romised individuals. This metric indicates that, on av-

rage, each document included in the analysis has been

eferenced or cited approximately 14.27 times in other

cholarly works. This is much higher than that observed

n a study that carried out a similar analysis [ 17 ]. The

nalysis of references in the included studies revealed

ubstantial use of the existing literature, with a total

f 21,112 references cited. This demonstrates that re-

earchers in the field of HCAIs among immunocompro-

ised individuals have drawn extensively upon a wide

ange of sources to inform their studies. By referencing

any publications, researchers have established a strong

oundation of knowledge and have integrated previous

ndings into their own work. This also implies a robust

oundation for future research and emphasizes the need

o build upon these impactful studies, addressing emerg-

ng challenges and further advancing the understand-

ng and management of HCAIs in immunocompromised

ndividuals. 

Collaboration among authors was evident, with a total

f 4,151 authors involved in the included studies. Among

hese studies, there were 10 single-authored documents,

ndicating that few studies were conducted by individ-

al researchers. These single-authored documents reflect

he input of independent researchers who have made

ontributions to the field, demonstrating their expertise

nd specialization in studying HCAIs among immunocom-

romised individuals. The prevalence of co-authorship,

ith an average of 7.29 co-authors per document,
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Fig. 1. PRISMA flow diagram of the study selection process. 
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ignifies the collaborative nature of research in this field.

he presence of international co-authorships, account-

ng for 16.03% of collaborations, indicates a global en-

agement and the exchange of knowledge and exper-

ise in addressing HCAIs among immunocompromised

ndividuals. 

The included studies encompassed a wide range of top-

cs, as indicated by the numerous Keywords Plus (ID) and

uthor’s Keywords (DE) identified. This reflects the mul-

idimensional nature of HCAIs and highlights the need for

 comprehensive approach that considers various factors

uch as infection prevention strategies, antimicrobial re-

istance, patient outcomes, and health care policies. The

iversity of topics covered provides a rich knowledge base

or further exploration and intervention development. 
4

.3. Annual growth rate (AGR) of research on HCAIs 

mong immunocompromised people (2013–2022) 

The AGR and mean total citations (TC), as shown in

ig. 2 , provide important insights into the research trends

nd impact of studies on HCAIs among immunocompro-

ised people from 2013 to 2022. The AGR shows the

rogress and development of research in this field [ 18 ].

he AGR of 9.07% indicates a continuous and steady in-

rease in research activity in this field over the specified

eriod. Although this is lower than the AGR previously

eported in a similar study focused only on Asian coun-

ries [ 19 ], our finding highlights the growing interest and

ecognition of the importance of studying HCAIs among

mmunocompromised populations. The positive AGR sug-
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Fig. 2. Distribution, mean total citations (TC) per article and mean TC per year of annual publications on HCAIs among immunocompromised people (2013–2022). 

AGR: annual growth rate; HCAIs, health care-associated infections. 
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ests that researchers are actively engaged in addressing

he challenges and complexities associated with HCAIs in

his vulnerable population. This calls for collaborative re-

earch initiatives and knowledge exchange to comprehen-

ively address the complexities associated with infections

n this vulnerable population. 

The number of articles published each year exhibited

n increasing trend, indicating a growing interest and

esearch activity in the area of HCAIs among immuno-

ompromised people. The graph ( Fig. 2 ) shows a rela-

ively steady rise in the number of publications, with

 peak in 2021. This suggests that researchers are ac-

ively contributing to the knowledge base on HCAIs in

mmunocompromised populations and addressing the as-

ociated challenges. The peak in the number of articles

ublished in 2021 may also be attributed to the influence

f the COVID-19 pandemic. The pandemic had an enor-

ous impact on global health, leading to increased aware-

ess and research focus on infectious diseases, includ-

ng HCAIs [ 20 ]. The urgency to understand and mitigate

he spread of COVID-19 may have prompted researchers

o investigate the intersection between immunocompro-

ised individuals and HCAIs. Additionally, the COVID-

9 pandemic shed light on the vulnerabilities of immuno-

ompromised populations and the increased risk faced by

hese groups in health care settings [ 21 ]. This heightened

wareness may have stimulated research interest and

unding in the field, resulting in a surge of publications

n 2021. 

The mean TC per article shows some fluctuations over

he years, as shown in Fig. 2 . There was a peak in

016, with a higher citation impact compared with other

ears. However, there were variations in the citation im-
5

act during subsequent years, with a decline from 2017.

his indicates that certain articles published in 2016

ad a greater impact and were more frequently cited by

he scientific community. The mean TC per year pro-

ides an overview of the overall citation impact of the

esearch. The line graph illustrates some variations in

he citation impact, with higher values in certain years,

uch as in 2016 and 2017. This suggests that the arti-

les published in those years had a greater overall im-

act and received more citations by the scientific com-

unity. The subsequent decline in citation impact high-

ights the evolving nature of research and the need for

ngoing contributions to maintain a sustained impact.

or future studies, this underscores the importance of not

nly producing high-impact research but also ensuring

ontinuous relevance and engagement with the scientific

ommunity to comprehensively influence and advance

he field. 

.4. Main sources of research publications on HCAIs in 

mmunocompromised people, 2013–2022 

Analysis of the main sources of research publications

n HCAIs in immunocompromised individuals provides

nsights into the landscape of scholarly output in this

eld. Among the identified sources, PloS One had the

ighest number of articles (15 publications), indicating

ts considerable contribution to HCAI research, as shown

n Fig. 3 . This is in contrast to results of a similar study

n which the Journal of Hospital Infection was the most

roductive source of publications [ 19 ]. In the present

tudy, BMC Infectious Diseases followed PloS One closely,

ith 14 publications. The Journal of Hospital Infection
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Fig. 3. Thirty main sources of research articles on health care-associated infections among immunocompromised people, 2012–2013. 
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nd Mikrobiyoloji Bulteni also emerged as notable sources,

ith 10 and 9 publications, respectively. Other sources

amely the American Journal of Infection Control; Critical

are Medicine; Antimicrobial Resistance and Infection Con-

rol; Clinical Infectious Diseases, Infection and Drug Resis-

ance; Shock ; and Transplant Infectious Disease , each had

even publications. The remaining sources had varying

umbers of publications ranging from four to six. 

The distribution of research publications across these

iverse sources highlights the multidisciplinary nature

f HCAI research in immunocompromised populations.

his signifies the engagement of researchers from various

elds, including microbiology, infectious diseases, critical

are, and epidemiology. These sources serve as platforms

or sharing knowledge, disseminating research findings,

nd facilitating collaboration among researchers working

n HCAIs. The prominence of certain sources, such as PloS

ne and BMC Infectious Diseases , suggests their recogni-

ion as reputable outlets for HCAI research. These sources

ttract researchers interested in studying HCAIs among

mmunocompromised individuals and play a crucial role

n advancing knowledge in the field. 
6

Researchers, health care professionals, and policymak-

rs can benefit from exploring these relevant sources,

hich provide access to a wealth of valuable information,

vidence-based findings, and updates on advancements in

reventing, diagnosing, and managing HCAIs in immuno-

ompromised populations. 

.5. Country scientific production of research on HCAIs in 

mmunocompromised people, 2013–2022 

The analysis of country scientific production on HCAIs

mong immunocompromised individuals from 2013 to

022, based on the number of countries contributing to

ach publication, revealed diverse international contri-

utions, as shown as in Fig. 4A . A total of 73 countries

ere identified as active participants in research related

o HCAIs in these vulnerable populations. 

The United States (US) demonstrated the highest scien-

ific production, with 743 publication appearances, indi-

ating a strong research focus and expertise in addressing

CAIs among immunocompromised individuals. Other

ountries in the Americas, such as Brazil with 71 pub-
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Fig. 4. (A) Country-scientific production of research on health care-associated infections in immunocompromised people, 2013–2022. (B) Time trend of the 10 

leading countries producing research on health care-associated infections in immunocompromised people, 2013–2022. 
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ication appearances and Argentina with 39 publication

ppearances, also showed notable research outputs, high-

ighting the commitment to understanding and managing

CAIs in the region. 

In Europe, France emerged as a key contributor to

CAI research with 392 publication appearances, high-

ighting the nation’s commitment to understanding and

ombating these infections among immunocompromised

ndividuals. Other European countries, including Spain

ith 258 publication appearances, the United Kingdom

UK) with 154 publication appearances, Germany with

19 publication appearances, and the Netherlands with

7 publication appearances, demonstrated substantial re-

earch outputs, reflecting a collaborative effort in the re-

ion. 

Asian countries made noteworthy contributions as

ell, with China leading with 344 publication appear-

nces, indicating the country’s dedication to understand-

ng HCAIs and finding effective interventions for immuno-

ompromised populations. India, with 141 publication

ppearances, showed active involvement in research, re-

ecting the growing recognition of HCAIs as a critical

ealth care issue in the country. 
7

Africa also contributed to the research landscape, with

everal countries making valuable contributions. South

frica demonstrated notable research output with 42 pub-

ication appearances, highlighting the efforts to address

CAIs among immunocompromised individuals in the re-

ion. Other African countries, including Egypt with 34

ublication appearances, Tunisia with 11 publication ap-

earances, and Morocco with 7 publication appearances,

lso actively participated in research related to HCAIs. 

The wide geographic representation of research pub-

ication appearances reflects a global commitment to

ddressing HCAIs in immunocompromised populations.

lso, the varying number of publication appearances per

ountry could be attributed to the population size of the

ountry and the number of hospitals per country. The

ndings emphasize the importance of regional and in-

ernational collaboration, knowledge exchange, and ca-

acity building to tackle the challenges associated with

hese infections on a global scale. By leveraging the col-

ective expertise and experiences of researchers from var-

ous regions, advancements can be made in preventing

nd managing HCAIs, ultimately improving the outcomes

nd quality of life for immunocompromised individuals.
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c  
dditionally, the distribution of research outputs across

egions highlights variations in research focus and ex-

ertise. Whereas some regions may exhibit higher pro-

uction, it is important to acknowledge and encourage

ollaborative efforts among researchers worldwide to ad-

ress the challenges of HCAIs among immunocompro-

ised populations, including those in Africa. 

Time trend analysis of country-specific scientific pro-

uction from 2013 to 2023 in the field of HCAIs among

mmunocompromised individuals reveals consistent and

ften impressive growth for the 10 leading contributing

ountries, as shown in Fig. 4B . Notably, China, France,

ermany, India, Iran, Japan, Turkey, the UK, the US, and

pain all demonstrate substantial increases in research

utput over the analyzed period. The steady growth ob-

erved in these countries suggests a sustained and height-

ned global interest in understanding and addressing

CAIs in immunocompromised populations. This trend

ay be attributed to several factors, including increased

wareness of the clinical importance of HCAIs, advance-

ents in medical research, and a growing recognition of

mmunocompromised individuals as a vulnerable popu-

ation. The implications of these findings are multi-fold.

irst, the consistent growth in research output signifies

 global commitment to addressing the challenges as-

ociated with HCAIs among immunocompromised indi-

iduals. The increasing number of publications reflects a

ollective effort to improve preventive strategies, patient

utcomes, and overall health care delivery for this vul-

erable population. Second, the variations in growth pat-

erns among countries highlight regional differences in

esearch focus and expertise. Collaborative efforts could

ridge these gaps, fostering knowledge exchange and ca-

acity building globally. Third, the sustained interest in

CAIs research is indicative of a shared recognition of

he importance of this field in public health. By leverag-

ng the collective expertise and experiences of researchers

orldwide, advancements can be made in preventing and

anaging HCAIs, ultimately improving outcomes and the

uality of life for immunocompromised individuals. 

.6. Most citations on HCAIs, by country 

Analysis of the most cited countries in research

n HCAIs among immunocompromised people provides

aluable insights into the global impact and quality of sci-

ntific output. The most-cited countries in terms of the sci-

ntific production of research HCAIs in immunocompro-

ised populations from 2013 to 2022 is shown in Fig. 5 .

wo metrics, including TC ( Fig. 5A ) and average number

f article citations ( Fig. 5B ), were used to evaluate the

mpact and quality of research output by different coun-

ries. These metrics provide distinct insights into the im-

act and quality of research outputs. TC reflects the over-

ll recognition and influence of a country’s research, and
8

verage article citations shed light on the impact and in-

uence of individual research articles. 

The US emerged as the country with the most cited

ublications, with a total of 2,527 citations, indicating its

ignificant contributions to the field of HCAIs in immuno-

ompromised populations. This also indicated that the US

as a strong research infrastructure, potentially influenc-

ng global practices in managing HCAIs among immuno-

ompromised individuals. France also exhibited a strong

esearch impact with a total of 1,106 citations, demon-

trating its substantial presence in the scientific commu-

ity. China demonstrated notable growth in this area, gar-

ering 682 citations, which showcase its increasing re-

earch contributions. 

In terms of the average number of article citations,

he Netherlands stood out with the highest value at 63.5

 Fig. 5B ), highlighting the exceptional impact and recog-

ition of its research output. Spain, Japan, the UK, and

ermany also displayed noteworthy average article cita-

ions of 13.6, 21.8, 23.3, and 15.6, respectively, under-

coring the contributions and influence of these countries

n advancing knowledge in this field. Engaging with re-

earchers from these nations will not only enhance the

uality of studies but also influence health care strategies

lobally, particularly in managing HCAIs among immuno-

ompromised individuals. 

.7. Research keywords on HCAIs in immunocompromised 

eople, 2013–2022 

The frequently occurring keywords shown in Fig. 6A

rovide valuable insight into the current research land-

cape of HCAIs in immunocompromised populations.

hese findings can guide future research directions and

nform health care practices, emphasizing the importance

f epidemiological studies, infection control measures,

ntimicrobial resistance management, accurate diagnosis,

nd tailored management strategies to improve patient

utcomes and reduce the burden of HCAIs in vulnerable

opulations [ 22 ]. 

In this study, the most frequently occurring keywords

n research on HCAIs among immunocompromised in-

ividuals included “epidemiology, ” “infection, ” “infec-

ions, ” “mortality, ” and “risk factors." These terms reflect

he emphasis on understanding the spread and impact of

nfections, including their associated risks and outcomes,

articularly in vulnerable populations. The keyword “bac-

eremia, ” which appears frequently in the literature, high-

ights the importance of bloodstream infections and their

anagement in immunocompromised individuals. “Out-

reak ” and “resistance" were other frequent keywords, in-

icating the research focus on preventing and controlling

utbreaks of resistant strains in health care settings. 

The keywords “identification, ” “sepsis, ” and “intensive

are unit" demonstrate the attention given to accurate
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Fig. 5. Country scientific production of research on health care-associated infections in immunocompromised people, 2013–2022. 
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nd timely diagnosis, as well as the management and out-

omes of sepsis in immunocompromised patients, partic-

larly in ICU settings. The keywords “nosocomial infec-

ions ” and “bloodstream infections" underscore the inter-

st in studying and preventing hospital-acquired infec-

ions, especially those related to the bloodstream. The
9

eyword “immunosuppression" reflects the critical as-

ect of studying the impact of compromised immune sys-

ems on the susceptibility to and management of HCAIs.

Prevalence, ” “surveillance, ” and “expression" indicate

he focus on understanding the scope of HCAIs, imple-

enting effective surveillance systems, and investigating
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Fig. 6. (A) Word cloud of research on health care-associated infections in immunocompromised people, 2013–2022. (B) Three-field plot showing the distribution of 

keywords (1st and 2nd nodes) of research on health care-associated infections in immunocompromised people, 2013–2022 across countries (3rd nodes). 
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he molecular mechanisms and gene expressions associ-

ted with these infections. 

The keywords “pneumonia, ” “outcomes, ” and “Es-

herichia coli " highlight the attention given to respira-

ory infections, the evaluation of treatment outcomes, and

he specific role of E. coli in HCAIs. “Risk, ” “diagnosis, ”

nd “impact" are terms that reflect the overall empha-

is on assessing and managing the risks associated with

CAIs, developing accurate diagnostic methods, and eval-

ating the broader impact of these infections on patients

nd health care systems. Other keywords such as “sep-

ic shock, ” “Pseudomonas aeruginosa , ” “recipients, ” “ther-

py, ” and “transmission" signify the research focus on

nderstanding the complications, treatment approaches,

ransmission dynamics, and specific pathogens associated

ith HCAIs in immunocompromised individuals. 

Fig. 6B further explores the relationship between these

eywords and countries, revealing a heterogeneous dis-

ribution across different nations. The observed variation
10
n the keyword distribution suggests diverse research pri-

rities and emphases among countries, reflecting the dis-

inct public health challenges faced by each nation. For

xample, publications from countries like the US, France,

hina, Spain, Germany, and the UK frequently used key-

ords like “epidemiology, ” “mortality, ” “infection, ” “im-

unosuppression, ” “risk factors, ” “sepsis, ” “bacteriemia, ”

management, ” “intensive care unit, ” “resistance, ” “out-

reak, ” “expression, ” “surveillance, ” “blood-stream in-

ection, ” “nosocomial infection, ” “identification, ” and

prevalence." Publications from countries including South

orea and South Africa frequently used keywords such

s “risk factors, ” “sepsis, ” “surveillance, ” “blood-stream

nfection, ” “nosocomial infection, ” and “identification."

his indicates that although countries like South Korea

nd South Africa share some common keywords with

he US, France, China, Spain, Germany, and the UK,

hey also exhibit distinct research priorities. This ob-

ervation underscores the nuanced variations in public
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ealth challenges and research focuses among different

ations, highlighting the importance of recognizing and

ddressing country-specific needs in the global landscape

f health care-associated infections among immunocom-

romised populations. 

.8. Trending topics on HCAIs in immunocompromised 

eople, 2013–2022 

Trend topic analysis holds great importance as this can

elp to identify evolving research interests and areas of

ocus within a field. Tracking the frequency and distri-

ution of keywords over time enables researchers to rec-

gnize emerging trends, assess research impact, and in-

orm research strategies. Trend topic analysis also sheds

ight on knowledge diffusion, highlights research gaps,

nd guides researchers in aligning their work with current

esearch interests. Overall, this approach provides valu-

ble insights into the changing research landscape and

ids in making informed decisions regarding resource al-

ocation and research prioritization. 

Between 2013 and 2014, the most frequently trend-

ng topics on HCAIs in immunocompromised people in-

luded “acquired bacterial meningitis, ” “acute gastroen-

eritis, ” “kappa B, ” “mononuclear cells, ” “antibiotic ther-

py, ” “bone marrow transplantation, ” “antimicrobial sus-

eptibility, ” “dendritic cells, ” “monocytes, ” and “flucona-

ole, ” as shown in Fig. 7 . These findings suggest a focus

n specific infections, treatment modalities, and the role

f immune cells in combating HCAIs during this period. 

From 2015 to 2016, the attention shifted to topics such

s “cytokine, ” “diarrhea, ” “invasive aspergillosis, ” “hos-

itals, ” “nosocomial infections, ” “critically ill patients, ”

PCR, ” “activation, ” “septic shock, ” and “sepsis." This in-

icates an increased emphasis on understanding the im-

une response, diagnostic methods, and the impact of

ealth care settings on HCAIs in immunocompromised in-

ividuals. 

During the period from 2017 to 2019, the most fre-

uently trending topics included “Escherichia coli , ” “ex-

ression, ” “surveillance, ” “nosocomial infections, ” “in-

ensive care unit, ” “bacteremia, ” “mortality, ” “infec-

ions, ” “infection, ” “epidemiology, ” “outcomes, ” “man-

gement, ” “prevalence, ” “resistance, ” and “risk factors, ”

s shown in Fig. 7 . These findings suggest a broader per-

pective on HCAIs, encompassing surveillance, epidemio-

ogical studies, resistance patterns, and the overall man-

gement and outcomes of infections in immunocompro-

ised populations. 

From 2020 to 2022, the period coinciding with the

OVID-19 pandemic, emerging topics included “water, ”

sequence, ” “mechanisms, ” “susceptibility, ” “cystic fibro-

is, ” “adults, ” “critically ill, ” “biofilm formation, ” “ther-

py, ” “hematological malignancies, ” “recognition, ” “anti-

en, ” “COVID-19, ” and “prediction, ” as shown in Fig. 7 .
11
he inclusion of COVID-19-related topics highlights the

ubstantial impact of the pandemic on research priori-

ies regarding HCAIs. This finding underscores the need

o understand the interplay between COVID-19 and im-

unocompromised states, the role of biofilm formation

n infection persistence, and the development of predic-

ive models for disease outcomes. 

Overall, the landscape of research on HCAIs in im-

unocompromised people has evolved over the years.

rom specific infections and treatment approaches, there

as been a shift toward broader topics such as epidemi-

logy, resistance, and risk factors. This suggests a grow-

ng understanding of the complex dynamics of HCAIs and

he need for comprehensive strategies in their prevention,

iagnosis, and management. The inclusion of COVID-19-

elated topics reflects the adaptability of research priori-

ies to address emerging challenges in infectious diseases.

hese findings contribute to a better understanding of the

esearch landscape and can guide future studies aimed

t improving patient outcomes and reducing the burden

f HCAIs in immunocompromised populations. Moreover,

ecognizing the specific topics trending during this period

ffers opportunities for researchers, clinicians, and poli-

ymakers to address pertinent issues in clinical practice,

nfluence policy-making decisions, and strategize health

are approaches, particularly in the context of health care

mergencies like the COVID-19 pandemic. 

.9. Conceptual structure of research on HCAIs in 

mmunocompromised people, 2013–2022 

The conceptual structure of research on HCAIs in im-

unocompromised people using co-occurrence network

nalysis and thematic mapping provides a comprehen-

ive understanding of the interconnectedness of concepts

nd the thematic trends within the literature. This anal-

sis is invaluable for researchers and policymakers to

dentify key areas of focus, emerging trends, and poten-

ial research gaps, thereby informing future studies, re-

ource allocation, and the development of effective in-

erventions to address HCAIs in immunocompromised

opulations. 

In this study, co-occurrence network analysis revealed

everal important findings, as shown in Fig. 8A . The

eyword “epidemiology" formed a cluster with related

erms such as “infections, ” “bacteremia, ” “risk factors, ”

blood stream infections, ” and “prevalence." This suggests

 strong association between epidemiological aspects and

he occurrence and transmission of infections in immuno-

ompromised individuals. This finding emphasizes the

eed for robust epidemiological studies to inform infec-

ion prevention and control strategies targeting this vul-

erable group. Additionally, the keyword “mortality" pre-

ominantly clustered with “pneumonia ” and “infection, ”

ighlighting the importance of these factors in under-
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Fig. 7. Trending topics over time of research on health care-associated infections in immunocompromised people, 2013–2022. 
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tanding mortality rates in this population. Comprehend-

ng the relationship between infections, pneumonia, and

ortality can guide health care professionals in develop-

ng effective treatment and management approaches to

mprove patient outcomes and reduce mortality rates. The

eyword “sepsis" showed an even distribution across the

luster, indicating its close association with concepts like

immunosuppression, ” “septic shock, ” and “expression."

his underscores the intricate relationship between sep-

is and immunocompromised states. This finding suggests

hat exploring the underlying mechanisms and identifying

iomarkers related to sepsis in immunocompromised in-

ividuals is crucial for early detection, intervention, and

mproved patient outcomes. Furthermore, the keyword

intensive care unit" mainly clustered with “Pseudomonas

eruginosa ” and “outcomes, ” emphasizing the relevance

f these terms in the context of critical care and patient

utcomes. This finding underscores the importance of un-

erstanding the specific challenges and considerations as-

ociated with managing HCAIs in immunocompromised

ndividuals receiving intensive care. This highlights the

eed for tailored interventions and infection control mea-

ures to mitigate the impact of Pseudomonas aeruginosa

nd improve patient outcomes in this setting. Finally, the

eyword “management" had a specific connection only

ith “diagnosis, ” suggesting a focused relationship be-

ween these two concepts. This finding suggests that effec-

ive management of HCAIs in immunocompromised pop-

lations requires accurate and timely diagnosis. This em-

hasizes the importance of implementing appropriate di-

gnostic strategies to facilitate prompt treatment and pre-

ent complications in this vulnerable patient group. 
12
Thematic mapping further elucidated the conceptual

tructure by identifying four distinct themes, as shown

n Fig. 8B . The Niche theme comprised a combination of

opics such as “clinical outcomes, ” “meta-analysis, ” “an-

imicrobial interventions, ” “decontamination, ” and “pro-

ein secretion, ” along with a group of concepts including

management, ” “outcomes, ” “diagnosis, ” “guidelines, ”

nd “prevention." This suggests the existence of special-

zed areas of research within the broader field of HCAIs

n immunocompromised people, highlighting the need for

argeted research efforts and the potential for advance-

ents in these specific domains. The Major theme en-

ompassed “mortality, ” “sepsis, ” “immunosuppression, ”

expression, ” and “pneumonia, ” indicating their impor-

ance as major focal points in the area of study regard-

ng HCAIs in immunocompromised individuals. These

oncepts likely represent critical aspects of disease out-

omes, treatment strategies, and pathogenesis, and their

redominance indicates the importance of studying and

ddressing these factors in improving patient care and

utcomes. The Emerging or Declining theme included “in-

itro, ” “Candida albicans , ” “blood stream infection, ” “flu-

onazole, ” and “mechanism." This suggests evolving or

hifting trends and priorities in the field, indicating the

ynamic nature of research areas within the timeframe

nalyzed. Understanding these changes can guide re-

earchers and policymakers in adapting their focus to ad-

ress emerging challenges or redirecting efforts as certain

reas become less prominent. Finally, the Basic theme

epresents a combination of keywords related to “epi-

emiology, ” “infections, ” “risk factors, ” “intensive care

nits, ” and “nosocomial infections, ” as well as a group of
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Fig. 8. Conceptual structure depicting co-occurrence network (A) and thematic map (B) of research on health care-associated infections in immunocompromised 

people, 2013–2022. 
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erms including “infection, ” “bacteria, ” “outbreak, ” “re-

istance, ” and “identification ”, highlighting the founda-

ional and fundamental aspects of research in this field.

hese concepts serve as building blocks for further inves-

igations and provide a solid knowledge base for under-

tanding and combating HCAIs in immunocompromised

ndividuals. 

.10. Future research directions and mitigation measures 

gainst HCAIs among immunocompromised people 

As HCAIs among immunocompromised individuals

ontinue to evolve, there are several key areas where fu-
ure research efforts can make substantial contributions 

13
o improving patient outcomes and reducing the bur-

en of infections. Future research should focus on gain-

ng a deeper understanding of different immunocompro-

ised states, including the mechanisms underlying im-

une suppression and its impact on susceptibility to in-

ection. Such understanding can inform targeted inter-

entions to strengthen immune function and reduce the

isk of HCAIs. There is a need for innovative infection

revention and control strategies tailored specifically to

mmunocompromised individuals. This includes the de-

elopment of guidelines for appropriate antimicrobial

se, isolation protocols for patients with highly resistant

athogens, and the implementation of novel technologies

or environmental disinfection. Given the increasing rates
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a

f antimicrobial resistance [ 23 ], antimicrobial steward-

hip programs should be expanded and tailored to the

nique needs of immunocompromised patients. This in-

ludes surveillance of antimicrobial resistance patterns,

ptimization of antimicrobial dosing regimens, and pro-

otion of judicious antimicrobial use to minimize the de-

elopment of resistance. Immunocompromised individu-

ls often have impaired immune responses to vaccines,

aking them more susceptible to vaccine-preventable in-

ections [ 24 ]. Future research should focus on developing

lternative vaccination strategies, such as high-dose vac-

ines or novel adjuvants, to enhance vaccine efficacy in

his population. There is a growing recognition of the het-

rogeneity among immunocompromised individuals, ne-

essitating personalized treatment approaches based on

ndividual risk factors, comorbidities, and immune sta-

us. Future research should explore the use of precision

edicine techniques, such as genomics and immunophe-

otyping, to tailor treatment strategies and improve pa-

ient outcomes. 

Vulnerable populations, including immunocompro-

ised people, often face disparities in health care access

nd outcomes [ 25 ]. Future research should prioritize ad-

ressing these disparities through targeted interventions,

ommunity engagement, and policy changes aimed at im-

roving health care equity and access to preventive ser-

ices. The development of novel therapeutic approaches,

uch as immune-modulating therapies and phage therapy,

olds promise for the treatment of HCAIs in immuno-

ompromised individuals. Future research should focus

n evaluating the safety and efficacy of these therapies in

linical trials and translating promising preclinical find-

ngs into clinical practice. Strengthening health systems,

articularly in resource-limited settings, is essential for

ffective HCAI prevention and control. This includes im-

roving infection surveillance systems, enhancing labora-

ory capacity for pathogen identification and antimicro-

ial susceptibility testing, and investing in health care in-

rastructure to support infection prevention and control

fforts. 

.11. Study strengths and limitations 

This study represents the first comprehensive and

lobal overview of research trends on HCAIs among im-

unocompromised individuals. Our findings shed light

n the current understanding of health care challenges

nd identify potential areas for future investigation.

owever, non-English articles were excluded, potentially

issing valuable contributions. Despite this limitation,

he present research provides valuable insights into the

lobal research landscape of HCAIs in immunocompro-

ised populations, as well as the impact of the COVID-19

andemic on research outputs, and can guide further re-

earch efforts. 
14
. Conclusion 

This study provides valuable insights into the research

andscape of HCAIs among immunocompromised individ-

als from 2013 to 2022. The findings highlight the in-

reasing attention and focus on HCAIs in this vulnera-

le population, particularly during the COVID-19 pan-

emic. PloS One emerged as a significant contributor

o HCAI research, and the US demonstrated its leader-

hip in scientific production and citation impact. Key re-

earch areas include epidemiology, infection, mortality,

nd risk factors. To further advance HCAI research in

mmunocompromised populations, it is recommended to

romote international collaboration and interdisciplinary

pproaches. Encouraging partnerships among researchers

rom different countries and disciplines will foster knowl-

dge exchange and innovative solutions. Research should

e continued in this area, considering the evolving nature

f HCAIs and the vulnerabilities of immunocompromised

opulations Additionally, addressing emerging areas such

s susceptibility, biofilm formation, and the impact of

OVID-19 will contribute to staying ahead of evolving

hallenges. Strengthening surveillance and epidemiolog-

cal studies is vital for understanding patterns of HCAIs

nd developing effective prevention strategies. By imple-

enting these recommendations, we can enhance the pre-

ention, diagnosis, and management of HCAIs, ultimately

mproving the health outcomes of immunocompromised

ndividuals. 
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