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Fortifying transplantation 
Advancing infection prevention  
strategies for optimal outcomes

Comprehensive infection prevention is crucial in transplantation, but current 
guidelines often lack comprehensive coverage. Transplantation patients are 
particularly susceptible to various infections, including methicillin-resistant 
Staphylococcus aureus (MRSA), vancomycin-resistant Enterococcus (VRE), 
emerging and reemerging infections, in-hospital fungal infections, respi-
ratory viral infections, and central line-associated bloodstream infection 
(CLABSI). These infections pose significant challenges and can lead to serious 
complications, and increased mortality rates in transplant recipients. Overall, 
preventing infections in transplantation patients requires a multidimensional 
approach, including strict adherence to infection control measures, surveil-
lance programs, education and awareness campaigns, and tailored preven-
tion strategies based on the specific risks and challenges faced by transplant 
recipients. In conclusion, the vital importance of infection prevention in 
transplant cases is emphasized.
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1. INTRODUCTION

Transplantation has been a significant medical advance-
ment throughout history. It involves the transfer of organs 
or tissues from a donor to a recipient to restore normal 
function or save a life.1 The concept of transplantation was 
first introduced by Alexis Carrel and Charles Guthrie in 1905, 
when they successfully transplanted a kidney from one 
dog to another. Since then, transplantation has evolved 

significantly.2 Over the years, the demand for transplantation 
has steadily increased due to the rising incidence of organ 
failure-related diseases.3 While advancements in transplan-
tation techniques and safety measures have improved over 
time,4 there are still potential complications associated 
with the procedure. These complications include organ 
rejection, surgical complications, graft-versus-host disease, 
and infections.5 Among all of these complications, infection 
is the most frequently encountered, and the occurrence 
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of infections can actually be minimized through proper 
infection management, defined as infection prevention.6 
Infection prevention plays a vital role in transplantation to 
mitigate the risk of post-transplant infections, which can 
have serious consequences for the recipient. Therefore, 
ensuring effective infection prevention measures is of 
paramount importance in the field of transplantation.7

Infection prevention refers to the measures and prac-
tices implemented to minimize the occurrence and trans-
mission of infections in healthcare settings.8 The history of 
infection prevention can be traced back to the discovery 
of the germ theory by Louis Pasteur and the pioneering 
work of Ignaz Semmelweis in the mid-19th century, who 
emphasized hand hygiene to reduce infection rates.9 The 
benefits of effective infection prevention are substantial, 
encompassing a reduction in morbidity, mortality, length 
of stay (LOS), and healthcare costs.10 In the context of trans-
plantation, infection prevention encompasses various as-
pects, such as preventing the spread of multidrug-resistant 
organisms (MDROs) like methicillin-resistant Staphylococcus 
aureus (MRSA),11 and vancomycin-resistant Enterococcus 
(VRE),12 addressing emerging and reemerging infections,13 
managing in-hospital fungal infections, respiratory viral 
infections,14 and preventing central line-associated blood-
stream infections (CLABSI).15 However, existing guidelines 
for transplantation often focused on individual aspects of 
infection prevention, lacking comprehensive coverage. 
Consequently, there was a need for an article that compre-
hensively discussed infection prevention in transplantation, 
aiming to provide a comprehensive overview that might 
contribute to improve outcomes for transplant patients.

2. OVERVIEW OF TRANSPLANTATION PATIENTS

Transplantation is a medical procedure that involves the 
transfer of an organ or tissue from one person, known as 
the donor, to another person, known as the recipient. It is 
typically performed to replace a diseased or damaged organ 
with a healthy one, improving the recipient’s quality of life 
and potentially extending their lifespan.1 Transplantation 
has become increasingly prevalent in modern medicine, 
with a growing number of individuals benefiting from this 
life-saving procedure. There are various types of transplanta-
tion, including solid organ transplants such as kidney, liver, 
heart, lung, and pancreas, as well as hematopoietic stem 
cell transplants, commonly referred to as bone marrow 
transplants. Each type of transplantation requires careful 
matching between the donor and recipient to minimize 
the risk of rejection and ensure a successful outcome.16 

Despite the significant advancements in transplanta-

tion techniques and immunosuppressive medications, 
complications can still occur. One of the most common 
complications after transplantation is infection.5 The im-
munosuppressive drugs taken by transplant recipients to 
prevent organ rejection also suppress the immune system’s 
ability to fight off infections, making them more vulnerable 
to bacterial, viral, and fungal pathogens.17 The prevalence of 
infection after transplantation varies depending on multiple 
factors, including the type of transplant, the recipient’s 
overall health, and the intensity of immunosuppression. 
Infections can occur in different organs or systems, such 
as the surgical site, urinary tract, lungs, or bloodstream. 
The risk of infection is highest in the early post-transplant 
period but remains a concern throughout the recipient’s 
life, particularly when changes are made to their immuno-
suppressive regimen.18 

Several factors contribute to an increased risk of infec-
tion among transplantation patients. These include the use 
of higher doses or combinations of immunosuppressive 
medications, advanced age, underlying comorbidities such 
as diabetes or chronic kidney disease, prolonged hospital-
ization, exposure to healthcare-associated pathogens, and 
the presence of invasive medical devices like catheters or 
drains. Close monitoring, strict infection control measures, 
and timely administration of antimicrobial therapies are 
crucial in mitigating the risk and managing infections in 
transplantation patients.19

3. BASIC OF INFECTION PREVENTION

Infection prevention refers to a set of practices and 
strategies aimed at reducing the risk of acquiring and 
spreading infections in healthcare settings and the com-
munity at large. It involves a comprehensive approach that 
encompasses various measures to mitigate the transmis-
sion of pathogens and maintain a safe environment for 
individuals. The history of infection prevention dates back 
centuries, but it was not until the mid-19th century that 
the significance of preventing infections gained recogni-
tion.8 Ignaz Semmelweis, a Hungarian physician, was the 
first person to propose the importance of hand hygiene 
in reducing infections. His groundbreaking work showed 
a significant decrease in mortality rates among patients 
when healthcare providers washed their hands with an 
antiseptic solution.9 

The primary purpose of infection prevention is to safe-
guard individuals from acquiring healthcare-associated in-
fections (HAIs) or community-acquired infections.20 HAIs are 
infections that develop as a result of receiving medical care, 
and they pose a considerable burden on patients, health-
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care providers, and healthcare systems. By implementing 
effective infection prevention strategies, the goal is to 
minimize the risk of infections and create a safer healthcare 
environment.21 There are several benefits associated with 
infection prevention. First and foremost, it saves lives by 
preventing the spread of potentially harmful pathogens. 
It also reduces the morbidity and mortality rates related to 
infections, lessens the burden on healthcare resources, and 
lowers healthcare costs. In addition, infection prevention 
plays a crucial role in protecting vulnerable populations, 
such as immunocompromised individuals and those un-
dergoing invasive medical procedures.10 

Various methods are employed in infection prevention. 
These include hand hygiene practices, which involve wash-
ing hands with soap and water or using alcohol-based hand 
sanitizers. Other strategies include proper disinfection and 
sterilization of medical equipment, adherence to standard 
precautions (such as wearing personal protective equip-
ment), vaccination programs, surveillance and monitoring 
of infections, and education and training for healthcare 
workers and the general public.7

4.	 THE POTENCY OF INFECTION AMONG 
TRANSPLANTATION PATIENTS

Immune system plays a crucial role in protecting the 
body from infections, but in transplantation patients its 
functioning is altered due to the use of immunosuppressive 
medications. This compromised immune response increases 
the risk of infections in these individuals. Transplantation 
patients face a higher susceptibility to various types of 
infections due to multiple factors. The use of immunosup-
pressive drugs, such as corticosteroids and calcineurin 
inhibitors, inhibits the immune system’s ability to recog-
nize and combat pathogens effectively.17,22 Additionally, 
the invasive procedures involved in transplantation, such 
as surgery and placement of indwelling medical devices, 
create entry points for potential pathogens. Prolonged 
hospital stays and frequent healthcare encounters further 
expose transplantation patients to healthcare-associated 
infections.23

Among the different types of infections seen in trans-
plantation patients, some notable examples include MRSA, 
VRE, emerging and reemerging infections, fungal infections, 
respiratory viral infections, and CLABSI.24 MRSA and VRE are 
antibiotic-resistant bacteria that pose a significant chal-
lenge in healthcare settings.25 Emerging and reemerging 
infections, including multidrug-resistant organisms and 
novel viral infections like COVID-19, constantly evolve and 
can have severe consequences in immunocompromised 

individuals.26 Fungal infections, such as candidiasis and 
aspergillosis, are particularly problematic in transplanta-
tion patients due to the suppressed immune response.27 
Respiratory viral infections, like influenza and respiratory 
syncytial virus (RSV), can lead to severe respiratory com-
plications in transplant recipients.14 Additionally, CLABSI, 
which occurs when bacteria enter the bloodstream through 
central lines, is a common and potentially life-threatening 
infection in transplantation patients.28

5.	 METHICILLIN-RESISTANT STAPHYLOCOCCUS 
AUREUS IN TRANSPLANTATION PATIENTS

MRSA is a type of bacteria that is resistant to commonly 
used antibiotics, making it difficult to treat. It is often found 
in healthcare settings and can cause serious infections.29 
MRSA was initially detected among patients admitted to 
hospitals in the 1960s; however, it has experienced a swift 
expansion in the community since the 1990s.30 The presence 
of MRSA colonization raises the likelihood of infection, and 
in approximately 50–80% of instances the infecting strains 
correspond to the colonizing strains.29 Several risk factors 
increase the likelihood of MRSA, such as prolonged hospital 
stays, previous antibiotic use, invasive medical procedures, 
and weakened immune systems.31 Clinical manifestations 
of MRSA vary depending on the site of infection and can 
include skin and soft tissue infections, bloodstream in-
fections, and pneumonia.32 Diagnosis of MRSA involves 
obtaining a sample from the infected site and performing 
laboratory tests to identify the bacteria and determine its 
antibiotic resistance profile.33 

The prevalence of MRSA among transplantation pa-
tients is significant, approximately 8% in solid organ trans-
plantation and 2% in hematopoietic cell transplantation, 
as these individuals often receive immunosuppressive 
drugs, which compromises their ability to fight infections.34 
MRSA infections are commonly observed in solid organ 
transplantation recipients shortly after the transplantation 
procedure, primarily within the first three months.35,36 MRSA 
bloodstream infections (BSIs), and surgical site infections 
(SSIs), in particular, have been linked to extended hospital 
stays, increased healthcare expenses, and higher mortality 
rates compared to patients with methicillin-susceptible 
Staphylococcus aureus (MSSA) infections. In individuals 
with cystic fibrosis awaiting lung transplantation, the pres-
ence of MRSA in the respiratory tract has been associated 
with a poorer survival rate.37 Solid organ transplantation 
recipients affected by MRSA infections also experience 
longer hospital and intensive care unit (ICU) stays and face 
elevated mortality rates, although these outcomes may 



INFECTION PREVENTION IN TRANSPLANTATION	 591

vary depending on the specific medical center, type of 
organ transplanted, and the site of infection.35 The overall 
mortality rates for patients with invasive MRSA infections 
decreased by 31% between 2005 and 2011.38 

To prevent MRSA in transplantation patients, strict 
adherence to infection control measures is crucial (fig. 
1). This includes proper hand hygiene, regular screening 
for MRSA colonization, isolation precautions for infected 
or colonized patients, and appropriate use of antibiotics 
to minimize the development of resistance. Addition-
ally, healthcare providers should promote education and 
awareness among patients and their families about MRSA 
prevention strategies.11 For the screening method, while 
existing guidelines do not suggest regular screening, re-
search indicates that patients who are colonized with MRSA 
before or after transplantation exhibit notably higher rates 
of MRSA-related complications, indicating the potential 
advantages of routine screening.39 However, limited studies 
have examined the benefits of pre-transplant surveillance 
for preventing transmission, and there is a lack of data as-

sessing the optimal locations, number of screening sites, 
and laboratory methods for implementing such strategies in 
transplant patients. Furthermore, although there have been 
few studies on the efficacy of pre-transplant decolonization 
efforts, a recent study suggested that such practices could 
be beneficial and cost-effective for certain populations 
undergoing solid organ transplantation.40

6.	 VANCOMYCIN-RESISTANT ENTEROCOCCUS  
IN TRANSPLANTATION PATIENTS

VRE refers to strains of Enterococcus bacteria that have 
developed resistance to the antibiotic vancomycin. Entero-
coccus species are commonly found in the gastrointestinal 
tract and can cause infections, with VRE being particularly 
concerning due to limited treatment options.41 The initial 
detection of VRE in clinical isolates took place in England 
and France in 1986, and the subsequent year witnessed 
the isolation of VRE faecalis in the United States.42 From 
a theoretical perspective, the triggers for the occurrence 

Figure 1. A condensed overview of the fundamental principles for preventing infections in patients undergoing transplantation.
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of VRE vary in several regions. In Europe, the increase of 
VRE primarily occurred in community settings, attributed 
to the transmission of VRE from animal food products to 
humans. This transmission was believed to be linked to the 
utilization of avoparcin, a glycopeptide antibiotic used as a 
growth promoter in livestock.43 On the other hand, in the 
United States, VRE was predominantly observed in hospital 
settings, thought to be associated with the growing usage 
of the glycopeptide antibiotic vancomycin.44 Afterward, 
there was a swift dissemination of VRE within hospitals in 
the United States during the 1990s, followed by a similar 
occurrence in Europe during the 2000s. Eventually, this led 
to the worldwide spread of VRE.45 

Factors that contribute to the risk of VRE include certain 
characteristics of the host and exposure to antimicrobials. 
An elevated risk of VRE colonization is associated with 
conditions such as immunosuppression, hematological 
malignancies, organ transplantation, prolonged stays in 
intensive care units (ICUs) or hospitals, residing in long-term 
care facilities, infection in multiple body sites, close proxim-
ity to other colonized or infected patients, hospitalization 
in units with a high prevalence of VRE, and the presence 
of serious comorbid conditions like diabetes, renal failure, 
and high Acute Physiology and Chronic Health Evaluation 
(APACHE) II scores.46 Among these factors, prior exposure 
to antimicrobials is the most significant predictor of VRE 
colonization. This includes the use of oral and intravenous 
vancomycin, aminoglycosides, cephalosporins, antianaero-
bic agents, such as clindamycin and metronidazole, and 
carbapenems.47 Clinical manifestations of VRE infections 
vary and can range from urinary tract infections to blood-
stream infections, surgical site infections, and pneumonia. 
Nonetheless, the gastrointestinal (GI) tract is the primary 
site where VRE colonization predominantly takes place. 
Diagnosis of VRE involves obtaining samples from infected 
sites or screening high-risk patients, followed by laboratory 
tests to identify the bacteria and determine its resistance 
to vancomycin.41 

The prevalence of VRE among transplantation patients 
is noteworthy, approximately 25% in hematopoietic cell 
transplantation48 and 12–16% in solid organ transplanta-
tion,49 as these individuals often receive immunosuppres-
sive therapies, making them vulnerable to infections.24 The 
mortality rate due to VRE in transplantation cases varies 
depending on the type of organ. The presence of VRE 
colonization before undergoing an intestinal transplant is 
linked to the occurrence of VRE bacteremia and an elevated 
mortality rate following transplantation.50 In the case of liver 
transplantation, VRE colonization has been associated with 
a one-year mortality rate of approximately 60%. However, 

it remains unclear whether these infections and deaths 
occurred prior to or after the transplantation procedure.51 

VRE infection presents in various ways, with some 
manifestations being more prevalent than others and some 
specific to certain organs. When abdominal organs are in-
volved in transplantation procedures, there is a potential for 
complications due to early VRE infection after the surgery, 
often resulting from surgical issues or an extended stay in 
the ICU.41 The most common forms of VRE infection are 
surgical site infections or infections within the organs or 
spaces, such as biliary tract infections and intra-abdominal 
abscesses in liver transplant recipients, pyelonephritis in 
kidney transplant recipients, and mediastinitis in thoracic 
transplant recipients. Surgical site infections are frequently 
accompanied by VRE bloodstream infection. While VRE can 
be the sole pathogen following solid organ transplantation, 
it is often part of a polymicrobial process, particularly in 
deep intra-abdominal infections.52 

Preventing VRE in transplantation patients requires 
a multifaceted approach, including strict adherence to 
infection control measures, such as limiting the use of 
vancomycin, educating the staff, ensuring regular hand hy-
giene using antiseptic soap or a waterless antiseptic agent, 
screening for vancomycin resistance, conducting rectal VRE 
surveillance cultures, and implementing contact isolation 
for patients with VRE colonization or infection. Surveillance 
programs to identify and manage VRE colonization, along 
with education for healthcare providers and patients, are 
essential components of preventing VRE transmission in 
transplantation settings (fig. 1).12 Nonetheless, there is still 
uncertainty about the effectiveness of these measures in 
regular hospital settings, and there are apprehensions 
about the financial implications of implementing them. 
A multicenter randomized cluster trial that implemented 
universal contact precautions in ICUs failed to demonstrate 
a reduction in VRE acquisition. However, the trial did ob-
serve a slight reduction in adverse events, although this 
reduction did not reach statistical significance.53

7.	 EMERGING AND REEMERGING INFECTION  
IN TRANSPLANTATION PATIENTS

Emerging and reemerging infections pose ongoing 
challenges to public health due to their ability to resurface 
or evolve into new threats. These infections refer to the 
appearance or resurgence of diseases that were previously 
unknown or under control.26,54,55 Examples of emerging and 
reemerging infections include Ebola virus disease, Zika 
virus, severe acute respiratory syndrome (SARS), and drug-
resistant bacteria such as MRSA and VRE.56–58 Various factors 
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contribute to their emergence or reemergence, including 
environmental changes, globalization, increased travel, 
urbanization, population growth, antimicrobial resistance, 
and zoonotic transmission. Risk factors for emerging and 
reemerging infections can vary, but they often involve close 
contact with infected individuals or animals, inadequate 
sanitation, poor hygiene practices, and compromised im-
mune systems.59–61 

Transplantation patients are susceptible to emerging 
and reemerging infections due to their immunosuppressed 
state. The high occurrence of these infections among trans-
plant patients is a major concern, although there are no 
precise figures reported to indicate the exact prevalence. 
The classification of emerging and reemerging infections 
in transplant recipients can be organized into three distinct 
categories. The first category encompasses microbial patho-
gens that likely have always affected transplant recipients, 
but their significant consequences have only recently been 
recognized. Examples of such pathogens include human 
herpesvirus 6 and 7, as well as adenoviruses. The second 
category consists of infections caused by pathogens that 
were previously known, but are now occurring more fre-
quently or causing novel diseases. This could be attributed 
to the increased potency of modern immunosuppres-
sion methods (e.g., polyomavirus/BK virus nephropathy) 
or epidemiological factors that facilitate the spread of a 
particular microorganism (e.g., West Nile virus). The third 
and final category comprises emerging infections result-
ing from novel pathogens that cause previously unknown 
diseases. Illustrative examples of this category include SARS 
coronavirus, other coronaviruses, and potential pathogens 
that could arise from xenotransplantation (e.g., porcine 
endogenous retroviruses).13 

Preventing emerging and reemerging infections in 
transplantation patients requires a comprehensive ap-
proach (fig. 1). This includes strict adherence to infection 
control practices, such as hand hygiene, proper steriliza-
tion of equipment, screening and isolation of potentially 
infected patients, environmental cleaning, and vaccination 
where available. Furthermore, ongoing surveillance, edu-
cation for healthcare providers and patients, and research 
to understand the dynamics of emerging and reemerging 
infections are vital for effective prevention strategies.24 On 
the other hand, the study also suggests that it is advisable 
to conduct nucleic acid testing to screen all organ donors 
for potential emerging and reemerging infections. Ad-
ditionally, the blood agency should employ polymerase 
chain reaction (PCR) screening for all blood units. Moreover, 
posttransplant patients should be provided with specific 
precautionary guidelines.13 Nevertheless, since cases of 

emerging and reemerging infections are closely related to 
the pandemic status of a particular region, it is advisable 
to tailor prevention measures according to the context of 
each area.

8.	 IN-HOSPITAL FUNGAL INFECTION IN 
TRANSPLANTATION PATIENTS

In-hospital fungal infections present a significant chal-
lenge in healthcare settings. These infections refer to fungal 
diseases acquired during a hospital stay or healthcare-asso-
ciated settings. They can range from superficial infections 
to severe systemic infections, posing a threat to immuno-
compromised patients.62 Various types of in-hospital fungal 
infections include candidiasis, aspergillosis, cryptococcosis, 
mucormycosis, and invasive fungal infections.63 Potential 
causes of these infections include prolonged antibiotic 
use, invasive medical procedures, indwelling catheters, 
contaminated environments, and compromised immune 
systems. Risk factors for in-hospital fungal infections include 
advanced age, organ transplantation, chemotherapy, pro-
longed hospitalization, and ICU stays. The clinical symptoms 
of fungal infections lack specificity, and similar to other 
infectious diseases, a strong level of suspicion is necessary 
for early diagnosis and effective treatment of these infec-
tions.64 Systemic fungal infections are typically confirmed 
using standard criteria, which involve histopathological 
examination with special stains to identify fungal tissue 
involvement or the isolation of the causative agent from 
clinically sterile specimens through culture.65

Among transplantation patients, the prevalence of 
in-hospital fungal infections is notable due to their im-
munosuppressed state and exposure to fungal pathogens. 
The prevalence of fungal infections in transplant patients 
varies depending on the type of organ involved. Small bowel 
(11.6%) and lung (8.6%) transplants have the highest rates, 
followed by liver (4.7%), heart (4.0%), pancreas (3.4%), and 
kidney (1.3%) transplants.66 

Preventing in-hospital fungal infections in transplanta-
tion patients requires strict adherence to infection control 
measures (fig. 1). This includes maintaining a clean and 
well-ventilated environment, implementing proper hand 
hygiene practices, utilizing sterile techniques during in-
vasive procedures, monitoring and promptly removing 
indwelling devices, and using antifungal prophylaxis or 
preemptive therapy when appropriate. Additionally, educa-
tion and awareness campaigns for healthcare providers and 
patients regarding the risk factors and prevention strategies 
for in-hospital fungal infections are essential to mitigate 
the transmission and impact of these infections.24 On the 
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other hand, the study also suggests the implementation of 
positive pressure and high-efficiency particulate arresting 
(HEPA) filtration systems in high-risk inpatient units.67 Fur-
thermore, patients and their families should be educated 
about the importance of avoiding fungal exposures from 
sources such as potted plants, fresh flowers, gardening, 
composting, woodworking, dusting, and other activities 
known to generate airborne mold spores.68 

Moreover, the prevention of fungal infections should 
also take into account the building structure. Air sampling 
can be conducted to measure the levels of airborne fungi 
inside and outside of hospitals before, during, and after con-
struction projects. However, there is a lack of well-defined 
thresholds distinguishing safe levels from unsafe levels of 
fungal spores.69 It is important to establish procedures for 
communication, risk assessment, and review of construc-
tion projects by environmental health teams prior to the 
commencement of the projects. These procedures should 
also include introductory education for contracted workers. 
Regular evaluation of active barriers, portable air-handling 
units, and construction staff is crucial to ensure compliance 
with guidelines. Centers should closely monitor fungal cases 
during construction projects and thoroughly investigate 
any potentially related incidents.24

9.	 RESPIRATORY VIRAL INFECTION IN 
TRANSPLANTATION PATIENTS

Respiratory viral infections present a significant chal-
lenge in the field of healthcare. These infections encompass 
a broad range of viral illnesses that primarily affect the 
respiratory system. Common examples of respiratory viral 
infections include influenza, parainfluenza virus 1–4, hu-
man metapneumovirus, respiratory syncytial virus (RSV), 
rhinovirus (common cold), adenovirus, and coronaviruses 
(including SARS-CoV-2).70,71 Respiratory viruses are primarily 
transmitted between individuals through the respiratory 
route, and this can happen through different means, such 
as large droplets, small-particle aerosols, and contaminated 
surfaces that are then touched by hands, leading to self-
inoculation. Risk factors for respiratory viral infections in-
clude crowded living conditions, close contact with infected 
individuals, compromised immune systems, advanced age, 
and certain medical conditions.72 

The prevalence of these viruses often shows distinct 
seasonal patterns, particularly in temperate regions. For 
example, influenza virus and RSV epidemics tend to occur 
during the winter months in these regions. In tropical areas, 
the seasonal patterns are not as clearly defined, as viruses 
can circulate throughout the year, with peaks potentially 

aligning with lower temperatures, humidity, or rainfall. 
These infections can cause mild to severe respiratory symp-
toms and have the potential for rapid transmission within 
communities and healthcare settings. Gathering a patient’s 
clinical history and conducting a thorough examination 
can provide valuable hints in determining the exact viral 
diagnosis. However, the symptoms and manifestations of 
different viral infections often overlap and lack specificity. 
To reliably establish the cause of the infection, it is neces-
sary to detect the presence of the virus, its antigens, or 
nucleic acids in respiratory or other relevant specimens. 
Alternatively, retrospective diagnosis can be made by 
demonstrating an immune response through analyzing 
paired serum samples taken at different times.70

Among transplantation patients, the prevalence of 
respiratory viral infections can be substantial due to their 
immunosuppressed state and increased vulnerability to 
infections. Given the occurrence of clinical outbreaks among 
immunocompromised patients at high risk, which can be 
directly traced back to healthcare settings, it is evident that 
respiratory viral infections pose a considerable threat.73 
These infections not only have the potential to impede 
the transplantation process but also lead to substantial 
complications following the transplant.74 Therefore, it is 
crucial to prioritize respiratory virus prevention during the 
pre-transplant period as well. 

Preventing respiratory viral infections in transplantation 
patients requires a comprehensive approach, including in-
fection control practices (fig. 1). This includes regular hand 
hygiene, wearing masks, implementing isolation precau-
tions for infected patients, promoting vaccination against 
common respiratory viruses, maintaining a clean and 
well-ventilated environment, and adhering to respiratory 
etiquette. Additionally, close monitoring, early detection, 
and timely management of respiratory viral infections in 
transplantation patients are crucial for minimizing com-
plications and improving outcomes.24 On the other hand, 
the guideline recommended that preventive strategies for 
respiratory viruses may involve various methods, such as 
isolating individuals with symptoms, conducting respira-
tory virus testing for symptomatic patients, and imple-
menting measures to prevent close interactions between 
patients and healthcare staff. Establishing respiratory virus 
policies that include screening both visitors and healthcare 
workers can also be effective in reducing transmission. 
Additionally, vaccination is the most crucial preventive 
measure for transplant recipients and their close contacts 
in relation to respiratory viral infections. Influenza vaccina-
tion is particularly important and should be incorporated 
into comprehensive healthcare vaccine programs target-
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ing patients, caregivers/families, and healthcare workers. 
Transplant recipients should receive inactivated influenza 
vaccines exclusively, as the use of live attenuated intranasal 
influenza vaccines is not recommended. The inactivated 
influenza vaccine now comes in a quadrivalent formulation 
and should be administered to transplant recipients within 
one month post-transplantation, acknowledging that its 
effectiveness may be somewhat limited during the first six 
months after the transplant.14

10. �CENTRAL LINE-ASSOCIATED BLOODSTREAM 
INFECTION IN TRANSPLANTATION PATIENTS

CLABSI poses a significant challenge in healthcare set-
tings. CLABSI can lead to severe complications and is asso-
ciated with increased morbidity, mortality, and healthcare 
costs. In 2020, the rate of CLABSI in ICUs in the United States 
was 0.87 per 1,000 central lines.75 These infections are linked 
to a mortality rate of 12–15%, and the odds of in-hospital 
death are notably increased, with an odds ratio as high as 
2.75.76 Furthermore, CLABSI is responsible for prolonged 
hospital stays and increased healthcare expenses, with 
each case costing approximately $ 46,000.75 

CLABSI refers to an infection that occurs when bacteria 
or other pathogens enter the bloodstream through a central 
venous catheter or central line. The definition of confirming 
a CLABSI involves identifying a newly detected bloodstream 
infection through laboratory testing, excluding cases where 
the infection originated from another site in the body.75 
Several types of CLABSI can occur, including catheter-related 
bloodstream infections (CRBSI) and non-catheter-related 
bloodstream infections (non-CRBSI).77 Potential causes of 
CLABSI include improper insertion or maintenance of central 
lines, poor hand hygiene, contamination of catheter hubs 
or connectors, and inadequate disinfection techniques. 
Risk factors for CLABSI include prolonged catheterization, 
immunosuppression, use of femoral insertion site, frequent 
line access, and inadequate infection control practices.78,79 
Diagnosing CLABSI involves blood cultures, with at least 
one positive culture from a peripheral vein and matching 
isolates from the central line.80 

Among transplantation patients, the prevalence of 
CLABSI can vary depending on the specific transplanta-

tion procedure and associated risk factors.81 Due to the 
strong association between CLABSI and the occurrence of 
life-threatening complications, as well as the potential for 
increased mortality rates, transplant patients are particularly 
vulnerable to its adverse effects. Consequently, it becomes 
crucial to prioritize CLABSI prevention as a necessary step 
to improve outcomes in transplant patients. 

Preventing CLABSI in transplantation patients requires 
a comprehensive approach. This includes strict adherence 
to infection control measures such as hand hygiene, full 
barrier precautions (use of cap, mask, sterile gloves, ster-
ile gown, full-size body drape), proper catheter insertion 
and maintenance techniques, cleaning the insertion site 
with chlorhexidine, regular assessment of the necessity of 
central lines, optimal dressing care, and prompt removal 
of unnecessary lines. Additionally, promoting a culture of 
safety, providing education to healthcare providers and 
patients, and implementing surveillance programs to moni-
tor CLABSI rates are essential in preventing these infections 
among transplantation patients (fig. 1).15

11.	CONCLUSIONS

In conclusion, transplantation patients are at an in-
creased risk of infections due to the use of immunosup-
pressive medications, invasive procedures, and prolonged 
hospital stays. Infection prevention plays a crucial role in 
safeguarding these individuals from healthcare-associated 
and community-acquired infections. Strict adherence to 
infection control measures, such as hand hygiene, proper 
disinfection and sterilization of equipment, adherence 
to standard precautions, and vaccination programs are 
vital in mitigating the transmission of pathogens. Trans-
plantation patients are susceptible to specific infections, 
including MRSA, VRE, emerging and reemerging infections, 
in-hospital fungal infections, respiratory viral infections, 
and CLABSI. Preventing these infections requires a multi-
faceted approach, including targeted surveillance, timely 
diagnosis, appropriate antimicrobial therapy, and education 
for healthcare providers and patients. By implementing 
effective infection prevention strategies, the goal is to re-
duce morbidity, mortality, healthcare costs, and the overall 
burden of infections among transplantation patients.
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Βελτίωση της μεταμόσχευσης: Προώθηση στρατηγικών πρόληψης λοιμώξεων για καλύτερα αποτελέσματα

J.K. FAJAR,1 H. SUWITO,1 M. MAZEN,1 D.P. WIDIAPUTRO,1 K.A. RAHARDJA,1 E.J. PRATAMA,1 C. RISQIANSYAH,1  
W. FIRMANSAH,1 D. PRAMUDIA,1 R.B. WATTIMURI,1 C. GERSOM,1 D. CANDRADIKUSUMA2

1Brawijaya Internal Medicine Research Center, Faculty of Medicine, Universitas Brawijaya, Malang,  
2Division of Infectious Diseases and Tropical Medicine Department of Internal Medicine,  

Faculty of Medicine, Universitas Brawijaya, Malang, Ινδονησία

Αρχεία Ελληνικής Ιατρικής 2024, 41(5):588–598

Η πρόληψη των λοιμώξεων είναι μεγάλης σημασίας στη μεταμόσχευση και οι τρέχουσες κατευθυντήριες οδηγίες 

συχνά στερούνται ολοκληρωμένης κάλυψης. Οι ασθενείς που υποβάλλονται σε μεταμόσχευση είναι ιδιαίτερα ευαί-

σθητοι σε διάφορες λοιμώξεις, όπως ο ανθεκτικός στη μεθικιλλίνη Staphylococcus aureus (MRSA), ο ανθεκτικός στη 

βανκομυκίνη εντερόκοκκος (VRE), οι αναδυόμενες και επανεμφανιζόμενες λοιμώξεις, οι ενδονοσοκομειακές μυκητι-

άσεις, οι ιογενείς αναπνευστικές λοιμώξεις και οι λοιμώξεις που σχετίζονται με την κεντρική γραμμή (CLABSI). Αυτές 

οι λοιμώξεις θέτουν σημαντικές προκλήσεις και μπορεί να οδηγήσουν σε σοβαρές επιπλοκές και αυξημένα ποσοστά 

θνησιμότητας στους μεταμοσχευόμενους. Συνολικά, η πρόληψη λοιμώξεων σε μεταμοσχευμένους ασθενείς απαι-

τεί πολυδιάστατη προσέγγιση, περιλαμβανομένης της αυστηρής τήρησης των μέτρων ελέγχου των λοιμώξεων, των 

προγραμμάτων επιτήρησης, των εκστρατειών εκπαίδευσης και ευαισθητοποίησης και των προσαρμοσμένων στρα-

τηγικών πρόληψης με βάση τους συγκεκριμένους κινδύνους και τις προκλήσεις που αντιμετωπίζουν οι μεταμοσχευ-

όμενοι. Τονίζεται η ζωτική σημασία της πρόληψης των λοιμώξεων στις μεταμοσχεύσεις. 

Λέξεις ευρετηρίου: Αποτελέσματα στρατηγικής πρόληψης, Έλεγχος μόλυνσης, Μεταμόσχευση, Πρόληψη λοιμώξεων

References

	 1.	 BARKER CF, MARKMANN JF. Historical overview of transplanta-
tion. Cold Spring Harb Perspect Med 2013, 3:a014977

	 2.	 STOLF NAG. History of heart transplantation: A hard and glo-
rious journey. Braz J Cardiovasc Surg 2017, 32:423–427

	 3.	 ABOUNA GM. Organ shortage crisis: Problems and possible so-
lutions. Transplant Proc 2008, 40:34–38

	 4.	 AVERY RK, MICHAELS MG, AST Infectious Diseases Community 

of Practice. Strategies for safe living following solid organ 
transplantation – Guidelines from the American Society of 
Transplantation Infectious Diseases Community of Practice. 
Clin Transplant 2019, 33:e13519

	 5.	 SEN A, CALLISEN H, LIBRICZ S, PATEL B. Complications of solid or-
gan transplantation: Cardiovascular, neurologic, renal, and 
gastrointestinal. Crit Care Clin 2019, 35:169–186

	 6.	 GUENETTE A, HUSAIN S. Infectious complications following sol-
id organ transplantation. Crit Care Clin 2019, 35:151–168

	 7.	 MATHUR P. Hand hygiene: Back to the basics of infection con-
trol. Indian J Med Res 2011, 134:611–620

	 8.	 FORDER AA. A brief history of infection control – past and pre-
sent. S Afr Med J 2007, 97:1161–1164

	 9.	 TYAGI U, BARWAL KC. Ignac Semmelweis – father of hand hy-
giene. Indian J Surg 2020, 82:276–277

	10.	 CARRICO RM, GARRETT H, BALCOM D, GLOWICZ JB. Infection pre-
vention and control core practices: A roadmap for nursing 
practice. Nursing 2018, 48:28–29

	11.	PEREIRA MR, RANA MM; AST ID Community of Practice. Me-
thicillin-resistant Staphylococcus aureus in solid organ trans-

plantation – Guidelines from the American Society of Trans-
plantation Infectious Diseases Community of Practice. Clin 
Transplant 2019, 33:e13611

	12.	 NELLORE A, HUPRIKAR S, AST ID Community of Practice. Vanco-
mycin-resistant Enterococcus in solid organ transplant recipi-
ents: Guidelines from the American Society of Transplantation 
Infectious Diseases Community of Practice. Clin Transplant 
2019, 33:e13549

	13.	 KUMAR D, HUMAR A. Emerging viral infections in transplant re-
cipients. Curr Opin Infect Dis 2005, 18:337–341

	14.	 BITTERMAN R, KUMAR D. Respiratory viruses in solid organ trans-
plant recipients. Viruses 2021, 13:2146

	15.	 SNARSKI E, MANK A, IACOBELLI S, HOEK J, STYCZYŃSKI J, BABIC A et 

al. Current practices used for the prevention of central ve-
nous catheter-associated infection in hematopoietic stem 
cell transplantation recipients: A survey from the Infectious 
Diseases Working Party and Nurses’ Group of EBMT. Transpl 
Infect Dis 2015, 17:558–565

	16.	 BEZINOVER D, SANER F. Organ transplantation in the modern 
era. BMC Anesthesiol 2019, 19:32

	17.	 DUNCAN MD, WILKES DS. Transplant-related immunosuppres-
sion: A review of immunosuppression and pulmonary infec-
tions. Proc Am Thorac Soc 2005, 2:449–455

	18.	 O’SHEA DT, HUMAR A. Life-threatening infection in transplant 
recipients. Crit Care Clin 2013, 29:953–973

	19.	 ROBERTS MB, FISHMAN JA. Immunosuppressive agents and in-
fectious risk in transplantation: Managing the “net state of 



INFECTION PREVENTION IN TRANSPLANTATION	 597

immunosuppression”. Clin Infect Dis 2021, 73:e1302–e1317
	20.	 MAKI G, ZERVOS M. Health care-acquired infections in low- and 

middle-income countries and the role of infection prevention 
and control. Infect Dis Clin North Am 2021, 35:827–839

	21.	 HAQUE M, SARTELLI M, McKIMM J, BAKAR MA. Health care-associat-
ed infections – an overview. Infect Drug Resist 2018, 11:2321–
2333

	22.	 FARRAR CA, KUPIEC-WEGLINSKI JW, SACKS SH. The innate immune 
system and transplantation. Cold Spring Harb Perspect Med 
2013, 3:a015479

	23.	 MOGHADAMYEGHANEH Z, CHEN LJ, ALAMEDDINE M, GUPTA AK, BURKE 
GW, CIANCIO G. Never events and hospital-acquired conditions 
after kidney transplant. Can Urol Assoc J 2017, 11:E431–E436

	24.	 PERGAM SA. Infection prevention in transplantation. Curr In-
fect Dis Rep 2016, 18:7

	25.	 MANCUSO G, MIDIRI A, GERACE E, BIONDO C. Bacterial antibiot-
ic resistance: The most critical pathogens. Pathogens 2021, 
10:1310

	26.	 SPERNOVASILIS N, TSIODRAS S, POULAKOU G. Emerging and re-
emerging infectious diseases: Humankind’s companions and 
competitors. Microorganisms 2022, 10:98

	27.	 SHOHAM S, MARR KA. Invasive fungal infections in solid organ 
transplant recipients. Future Microbiol 2012, 7:639–655

	28.	 McDONALD MK, CULOS KA, GATWOOD KS, PROW C, CHEN H, SAVA-
NI BN et al. Defining incidence and risk factors for catheter-
associated bloodstream infections in an outpatient adult he-
matopoietic cell transplantation program. Biol Blood Marrow 
Transplant 2018, 24:2081–2087

	29.	 TURNER NA, SHARMA-KUINKEL BK, MASKARINEC SA, EICHENBERG-
ER EM, SHAH PP, CARUGATI M et al. Methicillin-resistant Staph-
ylococcus aureus: An overview of basic and clinical research. 
Nat Rev Microbiol 2019, 17:203–218

	30.	 TENOVER FC, McDOUGAL LK, GOERING RV, KILLGORE G, PROJAN SJ, 
PATEL JB et al. Characterization of a strain of community-as-
sociated methicillin-resistant Staphylococcus aureus wide-
ly disseminated in the United States. J Clin Microbiol 2006, 
44:108–118

	31.	 NATIONAL NOSOCOMIAL INFECTIONS SURVEILLANCE SYSTEM. Na-
tional Nosocomial Infections Surveillance (NNIS) System Re-
port, data summary from January 1992 through June 2004, 
issued October 2004. Am J Infect Control 2004, 32:470–485

	32.	 KHAN TM, KOK YL, BUKHSH A, LEE LH, CHAN KG, GOH BH. Incidence 
of methicillin-resistant Staphylococcus aureus (MRSA) in burn 
intensive care unit: A systematic review. Germs 2018, 8:113–125

	33.	KO JH, MOON SM. Evaluation of methicillin-resistance rates 
among community-associated Staphylococcus aureus infec-
tions in Korean military personnel. J Korean Med Sci 2018, 
33:e250

	34.	 ZIAKAS PD, PLIAKOS EE, ZERVOU FN, KNOLL BM, RICE LB, MYLONAKIS 
E. MRSA and VRE colonization in solid organ transplantation: 
A meta-analysis of published studies. Am J Transplant 2014, 
14:1887–1894

	35.	 SINGH N, PATERSON DL, CHANG FY, GAYOWSKI T, SQUIER C, WAGEN-
ER MM et al. Methicillin-resistant Staphylococcus aureus: The 
other emerging resistant gram-positive coccus among liver 
transplant recipients. Clin Infect Dis 2000, 30:322–327

	36.	 FLORESCU DF, QIU F, WEST SB, RICHARDS S, FLORESCU MC, STEVENS B 
et al. Staphylococcus aureus infections in kidney transplanta-
tion: A matched case controlled study. Scand J Infect Dis 2012, 

44:427–432
	37.	 DASENBROOK EC, CHECKLEY W, MERLO CA, KONSTAN MW, LECHTZ-

IN N, BOYLE MP. Association between respiratory tract methi-
cillin-resistant Staphylococcus aureus and survival in cystic fi-
brosis. JAMA 2010, 303:2386–2392

	38.	 DANTES R, MU Y, BELFLOWER R, ARAGON D, DUMYATI G, HARRISON 
LH et al. National burden of invasive methicillin-resistant 
Staphylococcus aureus infections, United States, 2011. JAMA 
Intern Med 2013, 173:1970–1978

	39.	 KIM YJ, KIM SI, CHOI JY, YOON SK, YOU YK, KIM DG. Clinical signifi-
cance of methicillin-resistant Staphylococcus aureus and van-
comycin-resistant Enterococci colonization in liver transplant 
recipients. Korean J Intern Med 2015, 30:694–704

	40.	 CLANCY CJ, BARTSCH SM, NGUYEN MH, STUCKEY DR, SHIELDS RK, LEE 
BY. A computer simulation model of the cost-effectiveness of 
routine Staphylococcus aureus screening and decolonization 
among lung and heart-lung transplant recipients. Eur J Clin 
Microbiol Infect Dis 2014, 33:1053–1061

	41.	 O’DRISCOLL T, CRANK CW. Vancomycin-resistant enterococcal 
infections: Epidemiology, clinical manifestations, and opti-
mal management. Infect Drug Resist 2015, 8:217–230

	42.	 SAHM DF, KISSINGER J, GILMORE MS, MURRAY PR, MULDER R, SOL-
LIDAY J et al. In vitro susceptibility studies of vancomycin-re-
sistant Enterococcus faecalis. Antimicrob Agents Chemother 
1989, 33:1588–1591

	43.	 ACAR J, CASEWELL M, FREEMAN J, FRIIS C, GOOSSENS H. Avoparcin 
and virginiamycin as animal growth promoters: A plea for sci-
ence in decision-making. Clin Microbiol Infect 2000, 6:477–482

	44.	 KIRST HA, THOMPSON DG, NICAS TI. Historical yearly usage of van-
comycin. Antimicrob Agents Chemother 1998, 42:1303–1304

	45.	 BONTEN MJ, WILLEMS R, WEINSTEIN RA. Vancomycin-resistant en-
terococci: Why are they here, and where do they come from? 
Lancet Infect Dis 2001, 1:314–325

	46.	 PAPADIMITRIOU-OLIVGERIS M, DROUGKA E, FLIGOU F, KOLONITSIOU 
F, LIAKOPOULOS A, DODOU V et al. Risk factors for enterococcal 
infection and colonization by vancomycin-resistant Entero-
cocci in critically ill patients. Infection 2014, 42:1013–1022

	47.	 GHANEM G, HACHEM R, JIANG Y, CHEMALY RF, RAAD I. Outcomes for 
and risk factors associated with vancomycin-resistant Entero-
coccus faecalis and vancomycin-resistant Enterococcus faeci-
um bacteremia in cancer patients. Infect Control Hosp Epide-
miol 2007, 28:1054–1059

	48.	 VYDRA J, SHANLEY RM, GEORGE I, USTUN C, SMITH AR, WEISDORF DJ 
et al. Enterococcal bacteremia is associated with increased 
risk of mortality in recipients of allogeneic hematopoietic 
stem cell transplantation. Clin Infect Dis 2012, 55:764–770

	49.	 GARZONI C, VERGIDIS P; AST Infectious Diseases Community 
of Practice. Methicillin-resistant, vancomycin-intermediate 
and vancomycin-resistant Staphylococcus aureus infections in 
solid organ transplantation. Am J Transplant 2013, 13(Suppl 
4):50–58

	50.	 SIMKINS J, MORRIS MI, CAMARGO JF, VIANNA R, BEDUSCHI T, ABBO 
LM. Clinical outcomes of intestinal transplant recipients col-
onized with multidrug-resistant organisms: A retrospective 
study. Transpl Int 2017, 30:924–931

	51.	 RUSSELL DL, FLOOD A, ZARODA TE, ACOSTA C, RILEY MMS, BUSUT-
TIL RW et al. Outcomes of colonization with MRSA and VRE 
among liver transplant candidates and recipients. Am J Trans-
plant 2008, 8:1737–1743



598	 J.K. Fajar et al

	52.	 GOLD HS. Vancomycin-resistant Enterococci: Mechanisms and 
clinical observations. Clin Infect Dis 2001, 33:210–219

	53.	 HARRIS AD, PINELES L, BELTON B, JOHNSON JK, SHARDELL M, LOEB M 
et al. Universal glove and gown use and acquisition of anti-
biotic-resistant bacteria in the ICU: A randomized trial. JAMA 
2013, 310:1571–1580

	54.	 MUTIAWATI E, SYAHRUL S, FAHRIANI M, FAJAR JK, MAMADA SS, MA-
LIGA HA et al. Global prevalence and pathogenesis of head-
ache in COVID-19: A systematic review and meta-analysis. 
F1000Res 2020, 9:1316

	55.	 PRIHATININGSIH S, FAJAR JK, TAMARA F, MAHENDRA AI, RIZQIAN-
SYAH CY, ADIANINGSIH OR et al. Risk factors of tuberculosis in-
fection among health care workers: A meta-analysis. Indian 
J Tuberc 2020, 67:121–129

	56.	 ZUMLA A, HUI DSC. Emerging and reemerging infectious diseas-
es: Global overview. Infect Dis Clin North Am 2019, 33:xiii–xix

	57.	 WARDHANI SO, FAJAR JK, NURARIFAH N, HERMANTO DH, FATONAH 
S, DJAJALAKSANA S et al. The predictors of high titer of anti-
SARS-CoV-2 antibody of convalescent plasma donors. Clin 
Epidemiol Glob Health 2021, 11:100763

	58.	 FAJAR JK, HARAPAN H. Socioeconomic and attitudinal variables 
associated with acceptance and willingness to pay towards 
dengue vaccine: A systematic review. Arch Clin Infect Dis 2017, 
12:e13914

	59.	 CLEMENTS BW, CASANI JAP. Emerging and reemerging infectious 
disease threats. Disasters and Public Health 2016, 1:245–265

	60.	 HARAPAN H, FAJAR JK, SUPRIONO S, SOEGIARTO G, WULANDARI L, 
SERATIN F et al. The prevalence, predictors and outcomes of 
acute liver injury among patients with COVID-19: A system-
atic review and meta-analysis. Rev Med Virol 2022, 32:e2304

	61.	 MUSTIKA S, WICAKSONO RS, NURHIDAYAT L, SANTOSO B, NIAM MS, 
FAJAR JK. The knowledge and personal hygiene behavior of 
Islamic boarding school students on COVID-19 prevention 
and transmission, and association with transmission of COV-
ID-19. Arch Hellen Med 2022, 39:767–771

	62.	 RAYENS E, NORRIS KA. Prevalence and healthcare burden of fun-
gal infections in the United States, 2018. Open Forum Infect 
Dis 2022, 9:ofab593

	63.	 VON LILIENFELD-TOAL M, WAGENER J, EINSELE H, CORNELY OA, KURZAI 
O. Invasive fungal infection. Dtsch Arztebl Int 2019, 116:271–
278

	64.	 BADIEE P, HASHEMIZADEH Z. Opportunistic invasive fungal in-
fections: Diagnosis and clinical management. Indian J Med 
Res 2014, 139:195–204

	65.	 DE PAUW B, WALSH TJ, DONNELLY JP, STEVENS DA, EDWARDS JE, CA-
LANDRA T et al. Revised definitions of invasive fungal disease 
from the European Organization for Research and Treatment 
of Cancer/Invasive Fungal Infections Cooperative Group and 
the National Institute of Allergy and Infectious Diseases My-
coses Study Group (EORTC/MSG) Consensus Group. Clin In-
fect Dis 2008, 46:1813–1821

	66.	 PAPPAS PG, ALEXANDER BD, ANDES DR, HADLEY S, KAUFFMAN CA, 
FREIFELD A et al. Invasive fungal infections among organ trans-
plant recipients: Results of the Transplant-Associated Infec-
tion Surveillance Network (TRANSNET). Clin Infect Dis 2010, 
50:1101–1111

	67.	 TOMBLYN M, CHILLER T, EINSELE H, GRESS R, SEPKOWITZ K, STOREK J et 
al. Guidelines for preventing infectious complications among 
hematopoietic cell transplantation recipients: A global per-

spective. Biol Blood Marrow Transplant 2009, 15:1143–1238
	68.	 PICOT-GUÉRAUD R, KHOURI C, BRENIER-PINCHART MP, SAVIUC P, FARES 

A, SELLON T et al. En-suite bathrooms in protected haematol-
ogy wards: A source of filamentous fungal contamination? J 
Hosp Infect 2015, 91:244–249

	69.	 KANAMORI H, RUTALA WA, SICKBERT-BENNETT EE, WEBER DJ. Review 
of fungal outbreaks and infection prevention in healthcare 
settings during construction and renovation. Clin Infect Dis 
2015, 61:433–444

	70.	 VAN DOORN HR, YU H. Viral respiratory infections. In: Ryan ET, 
Hill DR, Solomon T (eds) Hunter’s tropical medicine and emerg-
ing infectious diseases. Elsevier, 2020:284–288

	71.	BONCRISTIANI HF, CRIADO MF, ARRUDA E. Respiratory viruses. 
In: Schaechter M (ed) Encyclopedia of microbiology. Elsevier, 
2009:500–518

	72.	 MUDATSIR M, FAJAR JK, WULANDARI L, SOEGIARTO G, ILMAWAN M, 
PURNAMASARI Y et al. Predictors of COVID-19 severity: A sys-
tematic review and meta-analysis. F1000Res 2020, 9:1107

	73.	 HOELLEIN A, HECKER J, HOFFMANN D, GÖTTLE F, PROTZER U, PESCHEL 
C et al. Serious outbreak of human metapneumovirus in pa-
tients with hematologic malignancies. Leuk Lymphoma 2016, 
57:623–627

	74.	 CAMPBELL AP, GUTHRIE KA, ENGLUND JA, FARNEY RM, MINERICH EL, 
KUYPERS J et al. Clinical outcomes associated with respirato-
ry virus detection before allogeneic hematopoietic stem cell 
transplant. Clin Infect Dis 2015, 61:192–202

	75.	 TOOR H, FARR S, SAVLA P, KASHYAP S, WANG S, MIULLI DE. Preva-
lence of central line-associated bloodstream infections (CLAB-
SI) in intensive care and medical-surgical units. Cureus 2022, 
14:e22809

	76.	 ZIEGLER MJ, PELLEGRINI DC, SAFDAR N. Attributable mortality of 
central line associated bloodstream infection: Systematic re-
view and meta-analysis. Infection 2015, 43:29–36

	77.	 GAHLOT R, NIGAM C, KUMAR V, YADAV G, ANUPURBA S. Catheter-re-
lated bloodstream infections. Int J Crit Illn Inj Sci 2014, 4:162–
167

	78.	 SACHDEV A, GUPTA DK, SONI A, CHUGH K. Central venous cath-
eter colonization and related bacteremia in pediatric inten-
sive care unit. Indian Pediatr 2002, 39:752–760

	79.	 CABRERO EL, ROBLEDO RT, CUÑADO AC, SARDELLI DG, LÓPEZ CH, 
FORMATGER DG et al. Risk factors of catheter-associated blood-
stream infection: Systematic review and meta-analysis. PLoS 
One 2023, 18:e0282290

	80.	 GLOVER E, ABRAHAMSON A, ADAMS J, POKEN SR, HAINSWORTH SL, 
LAMPRECHT A et al. Central line-associated bloodstream infec-
tions at the multidisciplinary intensive care unit of Universitas 
Academic Hospital, Bloemfontein, South Africa. Afr J Thorac Crit 
Care Med 2022, 28:10.7196/AJTCCM.2022. v7128i7191.7175

	81.	 RUSSELL TA, FRITSCHEL E, DO J, DONOVAN M, KECKEISEN M, AGOPI-
AN VG et al. Minimizing central line-associated bloodstream 
infections in a high-acuity liver transplant intensive care unit. 
Am J Infect Control 2019, 47:305–312

		  Corresponding author:

		  J.K. Fajar, Brawijaya Internal Medicine Research Center, De-
partment of Internal Medicine, Faculty of Medicine, Univer-
sitas Brawijaya, Malang, Indonesia

		 e-mail: gembyok@gmail.com...................................................................................................................................................


