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Abstract

Background Device-associated infections (DAIs) are a significant cause of morbidity following living donor liver
transplantation (LDLT). We aimed to assess the impact of bundled care on reducing rates of device-associated
infections.

Methods We performed a before-and-after comparative study at a liver transplantation facility over a three-year
period, spanning from January 2016 to December 2018. The study included a total of 57 patients who underwent
LDLT. We investigated the implementation of a care bundle, which consists of multiple evidence-based procedures
that are consistently performed as a unified unit. We divided our study into three phases and implemented a
bundled care approach in the second phase. Rates of pneumonia related to ventilators [VAP], bloodstream infections
associated with central line [CLABSI], and urinary tract infections associated with catheters [CAUTI] were assessed
throughout the study period. Bacterial identification and antibiotic susceptibility testing were performed using

the automated Vitek-2 system. The comparison between different phases was assessed using the chi-square test

or the Fisher exact test for qualitative values and the Kruskal-Wallis H test for quantitative values with non-normal
distribution.

Results In the baseline phase, the VAP rates were 73.5, the CAUTI rates were 47.2, and the CLABSI rates were 7.4 per
one thousand device days (PDD). During the bundle care phase, the rates decreased to 33.3, 18.18, and 4.78. In the
follow-up phase, the rates further decreased to 35.7%, 16.8%, and 2.7% PDD. The prevalence of Klebsiella pneumonia
(37.5%) and Methicillin resistance Staph aureus (37.5%) in VAP were noted. The primary causative agent of CAUTI was
Candida albicans, accounting for 33.3% of cases, whereas Coagulase-negative Staph was the predominant organism
responsible for CLABSI, with a prevalence of 40%.

Conclusion This study demonstrates the effectiveness of utilizing the care bundle approach to reduce DAl in LDLT,
especially in low socioeconomic countries with limited resources. By implementing a comprehensive set of evidence-
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based interventions, healthcare systems can effectively reduce the burden of DAI, enhance infection prevention
strategies and improve patient outcomes in resource-constrained settings.
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Introduction

Patients afflicted with hepatocellular carcinoma, chronic
failure, or end-stage liver disease have liver transplan-
tation (LT) as their efficacious last-line therapy [1]. The
prevalence of hepatitis C virus (HCV) has led to an
increase in the number of patients with chronic liver dis-
ease in Egypt [2].

The prognostic implications of DAIs in LT are signifi-
cant. Studies have shown that LT recipients who develop
DAIs have a higher risk of mortality, as these infections
can lead to sepsis and multi-organ dysfunction [3]. Infec-
tions can also adversely affect the long-term survival
and function of the transplanted liver, increasing the
risk of graft failure and the need for re-transplantation
[4]. Additionally, the management of DAIs is associated
with prolonged hospital stays, intensive care utilization,
and substantial economic burden on healthcare systems,
especially in resource-limited settings. Furthermore,
recurrent or persistent DAIs can contribute to the devel-
opment and spread of antimicrobial-resistant pathogens,
posing a broader public health concern [5]. DAIs con-
stitute a significant cause of morbidity following LDLT,
with bacterial infections accounting for approximately
70%, followed by viral and fungal infections at 20 and 8%,
respectively [6]. Understanding these prognostic impli-
cations is crucial for healthcare providers to prioritize
infection prevention and optimize management strate-
gies to improve patient outcomes in LT.

Following the Centre for Disease Control and Preven-
tion ( CDC’s) confirmation that nearly 35% of hospital-
acquired infections (HAIs) can be prevented through
the implementation of effective infection prevention and
control programs, numerous researchers have inves-
tigated various methods of surveillance programs to
reduce HAISs [7].

Consistently implementing the care bundle method
enhances patient outcomes. The care bundle method
has been effectively implemented in the surgical inten-
sive care units (ICU). Nevertheless, the extent to which
it effectively decreases the incidence of HAIs in LDLT
remains undetermined [7, 8].

Our study aimed to evaluate the impact of implement-
ing bundled care on reducing DAI rates. Furthermore, we
aimed to identify bacterial infection and antibiotic resis-
tance patterns in LDLT at Almanial Specialized Univer-
sity Teaching Hospital, Cairo University.

Materials and methods

Study setting and design

This study is a retrospective comparative study con-
ducted from January 2016 to December 2018 at the
liver transplantation unit, Almanial Specialized Univer-
sity Teaching Hospital, Cairo University. The hospital
includes 328 beds distributed over different sections and
eight ICUs. The liver transplantation Unit has four isola-
tion rooms and one ICU. There are approximately 20—24
patients who undergo LDLT operations annually. The
study included 57 patients admitted to LT and underwent
LDLT operations.

We investigated the effect of implementing multiple
evidence-based procedures grouped as a single care bun-
dle and performed constantly as one unit. We divided the
study into three different phases.

Phase 1: baseline assessment

This phase was conducted over 15 months. A total of 24
patients underwent LDLT during this period. The infec-
tion rates associated with central lines, urinary catheters,
and ventilators (CLABSI, CAUTI, VAP) were evaluated
in all patients using the standard surveillance method for
HALI as defined by the CDC 2017 [9].

Phase 2: implementation of care bundles

The duration of this phase spanned six months and
encompassed a cohort of 12 patients who underwent
LDLT. The care bundles were designed in accordance
with the CDC guidelines [8, 10] and presented to the
infection control team of the Liver transplantation ICU.
The healthcare workers in the infection control team
received health education, which varies from one-to-one
and on-the-job training. This education was conducted
by a single experienced researcher on a daily basis dur-
ing designated working hours. The researcher delivered a
20-minute mass lecture using CDC materials. It occurred
daily at the beginning of every shift to all the nurses on
duty. It included the component elements of the bundle
and emphasized the significance of consistently employ-
ing them in conjunction.

The component elements of the care bundle for pre-
venting catheter-associated UTI are as follows: maximal
personal protective equipment during catheter inser-
tion, sterile closed drainage system, the urinary catheter
is never disconnected, the collecting bag below bladder
level, evacuating the urinary collecting bag every hour to
maintain less than 75% full. The component elements of
the care bundle to prevent central line BSI are as follows:
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adherence to HH compliance before any manipulations
with the catheter, using maximum sterile personal pro-
tective equipment, using chlorhexidine/betadine skin
antisepsis, daily inspection for local signs of infections
by the good condition of sterile dressing, daily checking
of the necessity for catheter presence, and using flushing
only once. The component elements of the care bundle
to prevent VAP included the following: 30-50 degree
raising of the bed head, daily checking of the ability to
wean, suctioning of the subglottic area three times per
day, ensuring endotracheal cuff pressure a minimum of
20 cm, oral care with an antiseptic solution, prophylaxis
for stress ulcers and deep vein thrombosis.

The hospital infection control team calculated the rates
of DAIs in all patients who underwent LDLT using the
following formula: Total DAI incidence in LDLT=No. of
infections/total No. of device days x 1000. We monitored
the compliance of the healthcare workers’ adherence to
all the components of the care bundle together.

Phase 3: follow-up assessment

This phase spanned 15 months and included 21 patients
who underwent LDLT. It occurred immediately follow-
ing the phase of care bundle implementation. The use
of bundled care forms was continued. The health educa-
tion activities were reiterated. A systematic monitoring of
DAI rates was carried out to determine whether infection
rates showed any improvement following the implemen-
tation. The researchers performed an antibiogram at var-
ious phases of the study.

Furthermore, we monitored the rate of adherence to
hand hygiene protocols (HH) at the baseline, during the
implementation of the care bundles, and during the fol-
low-up period. Observations included the five moments
suggested by the World Health Organisation (WHO):
before and after patient contact, before any aseptic pro-
cedure, and subsequent to any contact with body fluids
and patient surroundings.

Microbiology work-up

Prior to surgery, all patients underwent preoperative
screening to detect colonization of methicillin-resistant
Staphylococcus aureus (MRSA) and Gram-negative
bacteria producing extended-spectrum beta-lactamase
(ESBL). The screening process involved collecting nasal,
axillary, and groin swabs from each patient for MRSA
whereas rectal swabs for ESBL detection. All collected
swabs were inoculated onto chromogenic media (CHRO-
Magar, France).

Urine, endotracheal aspirates, and blood cultures were
cultured on MacConkey, chocolate, blood agar (Oxoid,
England). After incubation for 24 h at 35 °C, all bacterial
strains were identified and checked for antibiotic sensi-
tivity using the Vitek2 compact (Biomerieux, France)
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according to the manufacturer’s guidelines. All clinical
isolates underwent phenotypic confirmation, including
approximation test using Cefotaxime and Amoxicillin-
clavulanic acid discs for ESBL detection in Gram-nega-
tive bacteria, and a Cefoxitin sensitivity test for MRSA
confirmation. The results were interpreted using the
guidelines provided by the Clinical Laboratory Standards
Institute (CLSI). The terms multidrug (MDR), pan-drug
(PDR), and extreme drug-resistant (XDR) organisms
were defined according to Magiorakos et al. and CLSI
[11, 12].

Statistical analysis
The Statistical Package for the Social Sciences (SPSS; IBM
et al.,, USA) version 22 for Microsoft Windows was used
for data analysis. Data were expressed as mean+standard
deviation, median, and range for quantitative variables.
In addition, qualitative variables were expressed as fre-
quency and percentages. The comparison between differ-
ent phases was assessed using the chi-square test or the
Fisher exact test for qualitative values and the Kruskal-
Wallis H test for quantitative values with non-normal
distribution. The Kruskal-Wallis test was utilized to com-
pare age between the different groups, as the age data
were non-normally distributed.

Within-group comparisons were conducted using the
McNemar test. P-values<0.05 were considered statisti-
cally significant.

Ethical approval and consent to participate

Both The Ethical Committee of the Department and
Cairo University approved the study. All patients gave
their written informed consent after explaining the
study’s aim and importance following the declaration of
Helsinki. All patient data were treated with confidential-
ity throughout the phases of the study.

Results

The mean ages of liver recipients in the first and follow-
up phases were 49.75 and 34.62 years, respectively. The
mean ages of the donors were 32.08 and 30.1 years in
the same two phases, respectively. Hepatocellular carci-
noma (HCC) represented LT’s most common predispos-
ing factor across all phases, followed by hepatitis C virus
(HCV)-related liver cirrhosis, Budd—Chiari syndrome,
and autoimmune hepatitis. HCV was the most preva-
lent viral infection in preoperative viral screening of 75%
of the patients in the baseline assessment and bundle
implementation phases and 66% in the follow-up phase.
No patients were found positive for Human Immunode-
ficiency Virus (HIV) and Epstein-Barr Virus (EBV) after
screening across all study phases. In contrast, there were
no significant effects of age, sex, or underlying diseases
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Table 1 Demographic data, comorbidity, viral screening, and underlying chronic diseases
Base line Implementation Follow up Total Pvalue
N 24 (%) N12(%) N21(%) N57 (%)
Male 19(79.2) 12 (100) 19 (90.5) 50 87.7 0.017
Female 5(20.8) 0 2(9.5) 7 12.3
Age * 44(12.5) 53(14.5) 41(48) 44(17) 0.060
HCC 13(54.2) 5(41.7) 14(66.7) 32 56.1 0.026
liver cirrhosis 5(20.8) 7(58.3) 1(4.5) 13 228
Budd-Chiari syndrome 5(20.8) 0 4(19) 9 15.8
Autoimmune hepatitis 14.2) 0 2(9.5) 3 53
HCV 18(75) 9(75) 11(52.4) 38 66.7 0.21
HBV 1(4.2) 1(8.3) 1(4.8) 3 53
CMV 0 0 1(4.8) 1 1.7
DM 6(25) 1(8.3) 3(14.2) 10 17.5 0.60
HTN 5(20.8) 3(25) 1(4.7) 9 15.7 0.25

*Age is expressed as median (IQR) and compared using Kruskal Wallis Test, HCC: hepatocellular carcinoma; HCV: Hepatitis C virus; HBV: Hepatitis B Virus; CMV:

cytomegalovirus,; DM: Diabetes Mellitus; HTN: hypertension

Table 2 VAP, CAUTI, CLABSI rates before and after the care bundle

phase VAP rate CAUTI rate CLABSI rate
No. of patients No.of VAP ventila- VAPrate No.of Catheter CAUTIrate No.of CLABSI Central CLAB-
tor days CAUTI days line days Sl

rate

Base line 24 5 68 735 6 127 47.2 3 405 74

Implement. 12 1 30 333 1 55 18.18 1 209 478

Follow up 21 2 56 357 2 119 16.8 1 360 2.77

Total 57 8 154 - 9 301 - 5 974 -

VAP rate=VAP events/total number of ventilator days x 1000, CLABSI rate=CLABSI events/total number of central line days x 1000, CAUTI rate=CAUTI events/
total number of urinary catheter days x 1000, VAP=Ventilator-associated pneumonia, CLABSI=Central line-associated bloodstream infection, CAUTI=Catheter-

associated urinary tract infection

on the rates of infections in any of the study phases as
shown in Table 1.

Our study showed that the consistent application of all
the care bundle elements resulted in a reduction of more
than 50% of the VAP, 64% of the CAUTI, and 63% of the
CLABSI. When comparing the baseline assessment to
the follow-up phase, the p-values were 0.45 for VAP, 0.28
for CAUTI, and 0.62 for CLABSI. Reductions in DAIs
following care bundle implementation are demonstrated
in Table 2.

The application of our ongoing health education pro-
gram during all three stages of the study resulted in a
significant adherence to hand hygiene, increasing from
57.3% at baseline to 78%. The median rate remained con-
stant during the last six months of the follow-up period
at 78%.

In our study, we found nine cases of CAUTI, eight VAP
events, and five CLABSI events, with different resistance
patterns detected among the isolated organisms. The
predominant resistance patterns were XDR, ESBL, and
MRSA. CAUTI represented the most common DAI in
patients with LDLT. The causative organisms for CAUTI
were Candida albicans in 4/9 (44.4%) events, Klebsiella
pneumonia in 2/9 (22.2%), E. coli in 2/9 (22.2%), and Aci-
netobacter baumannii in 1/9 (11%). VAP represented the

second common DALI in patients with LDLT. Klebsiella
pneumonia was responsible for 37.5% of the events in
VAP, while Methicillin resistance Staph aureus (MRSA)
was detected in 3/8 (37.5%), Acinetobacter baumannii
in 1/8 (12.5%), and Escherichia coli in 1/8 (12.5%). The
organisms that caused CLABSI were Coagulase-negative
Staph in 2/5 (40%) events, Klebsiella pneumonia in 1/5
(20%), Acinetobacter baumannii in 1/5 (20%), and MRSA
in 1/5 (20%). Collectively In our study, Gram-negative
bacteria were the primary causative organisms, primar-
ily due to their presence in the digestive tract. Klebsiella
pneumonia 6 (27.3%), XDR Acinetobacter baumannii 3
(13.6%), and E. coli 3 (13.6%) were the primary causative
organisms. In addition, Gram-positive organisms were
present, including MRSA 4 (18.2%), Coagulase-negative
Staph 2 (9.1%), and Candida albicans 4 (18.2%). Figure 1
shows the percentage of pathogens of DAI collectively.

Discussion

A study conducted by the CDC regarding the efficacy
of infection prevention and control measures in hospi-
tal settings found that almost 35% of HAI infections are
preventable when using suitable approaches. Following
this study, numerous researchers conducted investiga-
tions on the impact of different interventions aimed at
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Fig. 1 The distribution of pathogens of DAl in the liver transplantation intensive -care unit (numbers are presented as percentages)

reducing infection rates [6]. While the care bundle has
been acknowledged as an effective method for reducing
infection rates in many ICU settings, there is still a need
for evidence of its application in LDLT settings.

The current study demonstrated that a care bundle
could be successfully fulfilled in an LT unit, reducing
more than 50% of device-associated infections (VAP,
CAUTI, CLABSI) after the consistent implementation
of all the bundle elements together, which aligns with the
findings of Harbarth [13] and Umscheid [14].

Harbarth and his colleagues conducted a systematic
review of the literature for studies using multiple inter-
ventions to provide a rough estimation of the number
of preventable HAIs. They concluded that the reduction
effect could range from 10 to 70%. This variation depends
on the study design and setting, the infection rates, and
the types at baseline [13]. Umscheid and his colleagues
have recently demonstrated that it is achievable to pre-
vent 65-70% of CLABSI and CAUTI cases and 55% of
VAP cases. Among these, CLABSI is the most prevent-
able and cost-effective [14].

In our study, CAUTI was the most common DAI. Con-
sistent with our study, Parekh et al. found that CAUTI
was the most prevailing cause of DAIs [15]. Conversely,
Pouladfar et al’s study found that VAPs were the most
common DAIs (16.5% had VAP compared with 8.2% with
CAUTI and 5.9% with CLABSI) [5].

In an extensive systematic review by Schreiber et
al., the pooled incidence ratios associated with mul-
timodal strategies to reduce HAI were 0.543 (95% ClI,
0.435-0.662) for CAUTI, 0.459 (95% CI, 0.381-0.554) for
CLABSI, and 0.553 (95% CI, 0.465-0.657) for VAP [16].

In contrast, Russell et al. found that the rate of CLABSI
decreased from 4.1 to 1.6 in patients who underwent liver
transplants between 2015 and 2016. The compliance rate
for infection prevention measures was 95% [17]. Other
studies by Blot et al. conducted additional research that
yielded similar results. They implemented interventions
to reduce CLABSI, such as preventive measures, process
standardization, and bundle care awareness [18].

Most studies have reported XDR Gram-negative
organisms as the leading cause of HAIs following LDLT.
In a multicenter study on post-LDLT infections, Mukhtar
and his colleagues found that Pseudomonas aeruginosa
(26%) was the predominant bacterial species responsible
for these infections. In 19% of the cases, Klebsiella spp
was also identified, while E. coli was found in 16% of the
cases. Acinetobacter baumannii was isolated in 8% of the
cases, and MRSA was detected in 7.7% [19].

Another study by Montasser et al. found that the most
common bacterial organisms isolated post-LDLT were
gram-negative organisms with variation in the species
identified. They reported Acinetobacter baumannii as the
most common (19%), Pseudomonas aeruginosa (19%),
followed by Escherichia coli in 11.1% [24]. The variations
in the findings across studies could be attributed to dif-
ferences in patients’ underlying diseases and types of
HAIs [19-22].

Screening for bacterial colonization in patients under-
going LDLT allows for the identification of candidates
for rapid and effective empirical antimicrobial treatment,
limiting ineffective or broad-spectrum antibiotics and
reducing antimicrobial resistance to potential pathogens
[23].
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Furthermore, prior studies performed by Yousef [25],
Al-Faouri [26], and Galal et al. [27] enhanced the under-
standing of hand hygiene concept results in consistent
adherence during the follow-up period.

The key advantages of bundle care approach included
enhanced consistency through close monitoring and
real-time feedback to immediately identify and resolve
implementation gaps, increased compliance due to regu-
lar assessment of adherence to the bundle components,
improved training that better equipped healthcare work-
ers with the necessary knowledge and skills, and front-
line ownership and engagement that fostered a culture
of continuous learning and improvement. Collectively,
these elements contributed to reducing the rate of DAI,
ultimately leading to improved patient outcomes as dem-
onstrated in single center and multicenter studies done
by Gupta et al. and Rosenthal et al. [28, 29]

The key challenges of bundle care approach included
ensuring consistent compliance, overcoming resistance
to change, and sustaining improvements over time. The
perceived complexity of the intervention, concerns about
the design quality, and organizational factors such as
structural characteristics, communication networks, and
cultural norms that hindered implementation were the
main barriers encountered in some studies [30]. Lack of
readiness for change, tension for implementation, and
the bundle incompatibility with existing workflows and
stakeholder needs also posed significant barriers. Insuf-
ficient planning, lack of formally appointed implemen-
tation leaders, and limited engagement of champions
further impeded the execution and evaluation of the
implementation process [30].

In conclusion, This study demonstrates the effective-
ness of utilizing the care bundle approach to reduce DAI
in LDLT, especially in low socioeconomic countries with
limited resources. By implementing a comprehensive set
of evidence-based interventions, healthcare systems in
these settings can effectively reduce the burden of DAI,
enhance infection prevention strategies and improve
patient outcomes in resource-constrained settings.

One of the study limitations was the small sample size,
which can restrict the generalizability of the findings.
Moreover, the infrequent occurrence of liver transplan-
tation as a major surgical procedure posed challenges in
obtaining a larger sample size, thereby limiting the ability
to detect significant results. Collaborative initiatives and
multi-center studies can be valuable effective strategies
to achieve substantial number of cases. It is important to
take these limitations into account when interpreting the
findings of the study.

Author contributions
MW and ME have made substantial contributions to the conception and
design of the work, DG and RY drafted the main manuscript text and prepared

Page 6 of 7

the figures, MH contributed to the acquisition, analysis, and interpretation of
data, RY substantively revised the work, all authors reviewed the manuscript.

Funding

No funding was received for conducting this study.

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB).

Data availability
Data is provided within the manuscript.

Declarations

Ethical approval and consent to participate

Both The Ethical Committee of the Department and Cairo University approved
the study. All patients gave their written informed consent after explaining the
study’s aim and importance following the declaration of Helsinki. All patient
data were treated with confidentiality throughout the phases of the study.

Competing interests
The authors declare no competing interests.

Author details

!Clinical and Chemical Pathology Department, Faculty of Medicine, Cairo
University, Al-Saray Street, Al-Manial, Cairo 11559, Egypt

“General surgery and liver transplantation, Faculty of Medicine, Cairo
University, Cairo, Egypt

*Microbiology, Immunology and Infectious Disease Department, College
of Medicine and Medical Sciences, Arabian Gulf University, Manama,
Bahrain

Received: 21 January 2024 / Accepted: 17 June 2024
Published online: 05 July 2024

References

1. Graziadeil, Zoller H, Fickert P, Schneeberger S, Finkenstedt A, Peck-
Radosavljevic M, et al. Indications for liver transplantation in adults. Wiener
Klinische Wochenschrift. 2016;128(19-20):679-90. https://doi.org/10.1007/
s00508-016-1046-1

2. El-Zanaty F, Way A. Egypt demographic and health survey 2008 (Egyptian
Ministry of Health, El-Zanaty and Associates and Macro International, 2009).
https://dhsprogram.com/publications/publication-fr220-dhs-final-reports.
cfm Accessed 20 January 2024.

3. WangV,GuY,Huang F, Liu D, Zhang Z, Zhou N, et al. Risk factors for sepsis
based on sepsis-3 criteria after orthotopic liver transplantation. Mediat
Inflamm. 2018,2018:8703172-8. https://doi.org/10.1155/2018/8703172

4. Levitsky J, Goldberg D, Smith AR, Mansfield SA, Gillespie BW, Merion RM, Lok
AS, Levy G, Kulik L, Abecassis M, Shaked A. Acute rejection increases risk of
graft failure and death in recent liver transplant recipients. Clin Gastroenterol
Hepatol. 2017;15(4):584-e5932. https://doi.org/10.1016/j.cgh.2016.07.035

5. Kumar NR, Balraj TA, Kempegowda SN, Prashant A. Multidrug-resistant
sepsis: a critical healthcare challenge. Antibiotics. 2024;13(1):46. https://doi.
0rg/10.3390/antibiotics 13010046

6. Pouladfar G, Jafarpour Z, Malek Hosseini SA, Firoozifar M, Rasekh R, Khosravi-
fard L. Bacterial infections in pediatric patients during early post liver trans-
plant period: a prospective study in Iran. Transpl Infect Dis. 2019;21(1):¢13001.
https://doi.org/10.1111/tid.13001

7. Prakash SS, Rajshekar D, Cherian A, Sastry AS. Care bundle approach to
reduce device-associated infections in a tertiary care teaching hospital,
South India. J Lab Physicians. 2017;9(4):273-8. https://doi.org/10.4103/JLP.
JLP_162_16

8. Wassef M, Mukhtar A, Nabil A, Ezzelarab M, Ghaith D. Care bundle approach
to reduce surgical site infections in acute surgical intensive care unit, Cairo,
Egypt. Infect Drug Resist. 2020;13:229. https://doi.org/10.2147/IDRS236814

9. HoranT, Andrus M, Dudeck MA. CDC/NHSN surveillance definition of health
care—associated infection and criteria for specific types of infections in
the acute care setting. Am J Infect Control. 2008;36(5):309-32. https://doi.
0rg/10.1016/j.3jic.2008.03.002


https://doi.org/10.1007/s00508-016-1046-1
https://doi.org/10.1007/s00508-016-1046-1
https://dhsprogram.com/publications/publication-fr220-dhs-final-reports.cfm
https://dhsprogram.com/publications/publication-fr220-dhs-final-reports.cfm
https://doi.org/10.1155/2018/8703172
https://doi.org/10.1016/j.cgh.2016.07.035
https://doi.org/10.3390/antibiotics13010046
https://doi.org/10.3390/antibiotics13010046
https://doi.org/10.1111/tid.13001
https://doi.org/10.4103/JLP.JLP_162_16
https://doi.org/10.4103/JLP.JLP_162_16
https://doi.org/10.2147/IDR.S236814
https://doi.org/10.1016/j.ajic.2008.03.002
https://doi.org/10.1016/j.ajic.2008.03.002

Wassef et al. BMC Infectious Diseases

20.

(2024) 24:674

Rosenthal VD, Al-Abdely HM, EI-Kholy AA, AlKhawaja SA, Leblebicioglu H,
Mehta'Y, et al. International nosocomial infection control consortium report,
data summary of 50 countries for 2010-2015: device-associated mod-

ule. Am J Infect Control. 2016;44(12):1495-504. https://doi.org/10.1016/j.
ajic.2016.08.007

Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG, et

al. Multidrug-resistant, extensively drug-resistant and pandrug-resistant
bacteria: an international expert proposal for interim standard definitions

for acquired resistance. Clin Microbiol Infect. 2012;18(3):268-81. https://doi.
org/10.1111/j.1469-0691.2011.03570.x

CLSI. Performance standards for antimicrobial susceptibility testing: 27th

ed. Informational supplement M100-S27. Wayne, PA: Clinical and Laboratory
Standards Institute. 2017.

Harbarth S, Sax H, Gastmeier P. The preventable proportion of nosocomial
infections: an overview of published reports. J Hosp Infect. 2003;54(4):258-
66. https://doi.org/10.1016/50195-6701(03)00150-6. quiz 321.

Umscheid CA, Mitchell MD, Doshi JA, Agarwal R, Williams K, Brennan PJ.
Estimating the proportion of healthcare-associated infections that are rea-
sonably preventable and the related mortality and costs. Infect Control Hosp
Epidemiol. 2011;32(2):101-14. https://doi.org/10.1086/657912

Parekh JR, Greenstein S, Sudan DL, Grieco A, Cohen ME, Hall BL, et al. Beyond
death and graft survival—variation in outcomes after liver transplant. Results
from the NSQIP transplant beta phase. Am J Transplant. 2019;19(7):2108-15.
https://doi.org/10.1111/ajt.15357

Schreiber PW, Sax H, Wolfensberger A, Clack L, Kuster SP, Swissnoso. The
preventable proportion of healthcare-associated infections 2005-2016:
systematic review and meta-analysis. Infect Control Hosp Epidemiol.
2018;39(11):1277-95. https://doi.org/10.1017/ice.2018.183

Russell TA, Fritschel E, Do J, Donovan M, Keckeisen M, Agopian VG, et al. Mini-
mizing central line-associated bloodstream infections in a high-acuity liver
transplant intensive care unit. Am J Infect Control. 2019;47(3):305-12. https://
doi.org/10.1016/j.ajic.2018.08.006

Blot K, Bergs J, Vogelaers D, Blot S, Vandijck D. Prevention of central line-asso-
ciated bloodstream infections through quality improvement interventions:

a systematic review and meta-analysis. Clin Infect Dis. 2014;59(1):96-105.
https://doi.org/10.1093/cid/ciu239

Mukhtar A, Abdelaal A, Hussein M, Dabous H, Fawzy |, Obayah G, et al. Infec-
tion complications and pattern of bacterial resistance in living-donor liver
transplantation: a multicenter epidemiologic study in Egypt. Transpl Proc.
2014;46:1444-7. https://doi.org/10.1016/j.transproceed.2014.02.022

Pappas PG, Kauffman CA, Andes D, Benjamin DK, Calandra TF, Edwards

JE, et al. Clinical practice guidelines for the management of candidiasis:
2009 update by the infectious diseases society of America. Clin Infect Dis.
2009;48:503-35. https://doi.org/10.1093/cid/civ933]. [PMID: 19191635.
Zhong L, MenTY, Li H, Peng ZH, Gu Y, Ding X, et al. Multidrug-resistant gram-
negative bacterial infections after liver transplantation-spectrum and risk
factors. J Infect. 2012,64:299-310. https://doi.org/10.1016/},jinf.2011.12.005

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 7 of 7

Shi SH, Kong HS, Xu J, Zhang WJ, Jia CK, Wang WL, et al. Multidrug

resistant gram-negative bacilli as predominant bacteremic pathogens in
liver transplant recipients. Transpl Infect Dis. 2009;11:405-12. https://doi.
0rg/10.1111/.1399-3062.2009.00421 x

Freire MP, Soares Oshiro IC, Bonazzi PR, Guimaraes T, Ramos Figueira ER, Bac-
chellaT, et al. Surgical site infections in liver transplant recipients in the model
for end-stage liver disease era: an analysis of the epidemiology, risk factors,
and outcomes. Liver Transpl. 2013;19(9):1011-9. https://doi.org/10.1002/
[t.23682

Montasser MF, Abdelkader NA, Abdelhakam SM, Dabbous H, Montasser

IF, Massoud YM, Abdelmoaty W, Saleh SA, Bahaa M, Said H, El-Meteini M.
Bacterial infections post-living-donor liver transplantation in Egyptian
hepatitis C virus-cirrhotic patients: a single-center study. World J Hepatol.
2017;9(20):896-904. https://doi.org/10.4254/wjh.v9.i20.896. PMID: 28804572;
PMCID: PMC5534364.

Yousef RH, Salem MR, Mahmoud AT. Impact of implementation of a modified
World Health Organization multimodal hand hygiene strategy in a university
teaching hospital. Am J Infect Control. 2020;48(3):249-54. https://doi.
0rg/10.1016/}.3jic.2019.07.019

Al-Faouri I, Okour SH, Alakour NA, Alrabadi N. Knowledge and compliance
with standard precautions among registered nurses: a cross-sectional

study. Ann Med Surg (Lond). 2021;62:419-24. https://doi.org/10.1016/j.
amsu.2021.01.058

Galal YS, Labib JR, Abouelhamd WA. Impact of an infection-control program
on nurses'knowledge and attitude in pediatric intensive care units at Cairo
University hospitals. J Egypt Public Health Assoc. 2014;89(1):22-8. https://doi.
0rg/10.1097/01.EPX.0000444562.71691.06

Gupta P, Thomas M, Patel A, et al. Bundle approach used to achieve zero
central line-associated bloodstream infections in an adult coronary intensive
care unit. BMJ Open Qual. 2021;10:e001200. https://doi.org/10.1136/
bmjog-2020-001200

Rosenthal VD, Yin R, Nercelles P, Rivera-Molina SE et al. International noso-
comial infection control consortium (INICC) report of health care associ-
ated infections, data summary of 45 countries for 2015 to 2020, adult and
pediatric units, device-associated module. Am J Infect Control. 2024;6:50196-
6553(23)00879-9. https://doi.org/10.1016/].jic.2023.12.019

Dukes KC, Reisinger HS, Schweizer M, Ward MA, Chapin L, Ryken TC, Perl

TM, Herwaldt LA. Examining barriers to implementing a surgical-site
infection bundle. Infect Control Hosp Epidemiol. 2024;45(1):13-20. https://
doi.org/10.1017/ice.2023.114. Epub 2023 Jul 26. PMID: 37493031; PMCID:
PMC10782202.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/j.ajic.2016.08.007
https://doi.org/10.1016/j.ajic.2016.08.007
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1016/s0195-6701(03)00150-6
https://doi.org/10.1086/657912
https://doi.org/10.1111/ajt.15357
https://doi.org/10.1017/ice.2018.183
https://doi.org/10.1016/j.ajic.2018.08.006
https://doi.org/10.1016/j.ajic.2018.08.006
https://doi.org/10.1093/cid/ciu239
https://doi.org/10.1016/j.transproceed.2014.02.022
https://doi.org/10.1093/cid/civ933]
https://doi.org/10.1016/j.jinf.2011.12.005
https://doi.org/10.1111/j.1399-3062.2009.00421.x
https://doi.org/10.1111/j.1399-3062.2009.00421.x
https://doi.org/10.1002/lt.23682
https://doi.org/10.1002/lt.23682
https://doi.org/10.4254/wjh.v9.i20.896
https://doi.org/10.1016/j.ajic.2019.07.019
https://doi.org/10.1016/j.ajic.2019.07.019
https://doi.org/10.1016/j.amsu.2021.01.058
https://doi.org/10.1016/j.amsu.2021.01.058
https://doi.org/10.1097/01.EPX.0000444562.71691.06
https://doi.org/10.1097/01.EPX.0000444562.71691.06
https://doi.org/10.1136/bmjoq-2020-001200
https://doi.org/10.1136/bmjoq-2020-001200
https://doi.org/10.1016/j.ajic.2023.12.019
https://doi.org/10.1017/ice.2023.114
https://doi.org/10.1017/ice.2023.114

	﻿Bundle care approach to reduce device associated infections in post-living-donor-liver transplantation in a tertiary care hospital, Egypt
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study setting and design
	﻿Phase 1: baseline assessment
	﻿Phase 2: implementation of care bundles
	﻿Phase 3: follow-up assessment
	﻿Microbiology work-up
	﻿Statistical analysis
	﻿Ethical approval and consent to participate

	﻿Results
	﻿Discussion
	﻿References


