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SUMMARY

Purpose: Bloodstream infections (BSIs) are one of the
most frequent complications among liver transplant
recipients and are associated with a markedly in-
creased risk of death. Our study aims to define the
incidence, epidemiology and clinical characteristics of
BSIs after liver transplantation (LT) and to investigate
risk factors related to 30-day mortality.

Methods: We considered all patients who underwent LT
at the Universita Politecnica delle Marche of Ancona
for up to 10 years and selected those who experienced
at least one episode of BSL

Results: Out of 601 LT recipients, 96 had at least one
episode of BSI. Most BSIs occurred within the first
month post-transplantation. Central vascular catheter
infections were the most frequent source, followed by
surgical site infections, pneumonia, and urinary tract
infections. Overall, we isolated 102 microorganisms:
66% were Gram-negative bacteria, 30% Gram-positive
bacteria and 4% fungi. High rates of antimicrobial re-
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sistance were observed among both Gram-negative
(34%) and Gram-positive bacteria (84%).

Thirty-day mortality was 26%, with septic shock (HR
226.980 [CI 95% 5.083-10135.347], p=0.005), the absence
of invasive procedures within 72 hours before BSI on-
set (HR 88.567 [CI 95% 2.484-357.754], p=0.014), white
blood cell count > 2,500/mmc (HR 34.948 [CI 95%
1.568-778.750], p=0.025), creatinine >1.02 mg/dl (HR
13.982 [CI 95% 1.487-131.485], p=0.021] and hypoalbu-
minemia (HR 24.775 [CI 95% 1.371-447.744], p=0.030)
being significant risk factors.

Conclusions: This study provides detailed insights into
post-transplant BSIs, highlighting the alarming rates of
antimicrobial resistance, thereby suggesting a major ef-
fort to rationalize the use of antimicrobial therapy.

Keywords: Liver transplant, post-surgical complications,
Bloodstream infections, immunosuppression, MDR
pathogens.
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H INTRODUCTION

nfectious complications are a major cause of

morbidity and mortality following solid organ
transplantation (SOT). Liver transplantation, a
lifesaving procedure for the treatment of many
end-stage liver diseases (ESLD) and acute liver
failure [1], has one of the highest rates of post-op-
erative infections among all SOTs, due to the com-
plexity of the surgical procedure, which involves
breaching the hepatobiliary system [2].
Bloodstream infections (BSIs) are a significant
cause of mortality among LT recipients [3], with
the highest incidence in the first post-operative
month: during this period, devices, such as central
vascular lines or intra-abdominal/biliary cathe-
ters, can become sources of bacteremia. Patients
are also at risk of developing urinary, pulmonary
or surgical site infections [4].
Historically, Gram-positive bacteria (GPB) were
considered the main cause of BSIs, due to their as-
sociation with indwelling vascular devices; how-
ever, over the last decade, there has been a shift to-
wards Gram-negative bacteria (GNB) as the pre-
dominant pathogens, with an increase in multi-
drug-resistant (MDR) strains [5, 6]. This trend poses
a major global concern due to limited treatment
options and higher rates of poor outcomes [7].
The objective of our study was to investigate the
incidence, epidemiology, and clinical characteris-
tics of BSIs in a large cohort of LT recipients fol-
lowed at our center since 2005.

B PATIENTS AND METHODS

Study design

This retrospective, observational study was con-
ducted at the Universita Politecnica delle Marche,
Ancona, Italy, from August 2005 to January 2021.
The study population included all patients who
underwent LT during this period, selecting those
who experienced at least one BSI episode.
Demographic, laboratory, and clinical variables
were collected, along with operative details. Infec-
tions were identified through active surveillance
in the LT ward (closely monitoring patients, en-
suring the detection of any signs of complications
early) and reviews of outpatient medical records.
BSIs were categorized based on onset time post-
LT: very early (<30 days), early (31-180 days), in-
termediate (181-365 days) and late (>365 days) [1].

Mortality rate was calculated at 30 days post- BSL.
The present research has been performed in accor-
dance with the ethical standards of the 1964 Dec-
laration of Helsinki and its later amendments. The
Institutional Review Board of the Azienda Os-
pedaliero Universitaria delle Marche granted ret-
rospective access to the data without need for in-
dividual informed consent.

Definitions and microbiology

The criteria for defining and classifying BSIs were
based on those proposed by the Centers for Dis-
ease Control and Prevention [9]. Specifically, a BSI
was defined by either one or more positive blood
cultures growing a recognized pathogenic micro-
organism, or two or more positive cultures (from
separate blood draws collected within a 48-hour
period and from different sites) growing a com-
mon commensal organism, accompanied by at
least one of the following signs/symptoms: fever,
chills, or hypotension.

Multiple cultures positive for the same pathogen
were considered a single BSI episode if they were
separated by less than 30 days and the patient did
not recover with negative blood culture in the in-
terim. A polymicrobial BSI was defined as the iso-
lation of two or more bacteria from a single blood
culture specimen, while a mixed BSI was defined
as the isolation of both bacterial and fungal spe-
cies. Each microorganism was considered a sepa-
rate isolate in the analysis.

The source of the BSI was determined based on
clinical criteria and the isolation of the same or-
ganisms in the blood specimen and from a clini-
cally significant site of infection [10]. The follow-
ing were considered: pneumonia, surgical site in-
fections (SSIs, including surgical wound and deep
abdominal organ/space infections), central ve-
nous catheter-related infections and urinary tract
infections (UTIs). When no focal infection could be
demonstrated or when the germ isolated from
blood cultures was not recovered from other sus-
pected sites of infection, the source was catego-
rized as unknown.

Susceptibility testing of the strains to antibacterial
agents was performed using various methods, in-
cluding Vitek-2 and Sensititre microdilution meth-
od, with results interpreted according to either
CLSI (up to 2011) or EUCAST (from 2012 onwards)
breakpoints [11, 12].

All susceptibility patterns were reviewed and clas-
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sified according to ESCMID guidelines [13]. Spe-
cifically, multidrug resistance (MDR) was defined
as acquired non-susceptibility to at least one agent
in three or more antimicrobial categories, exten-
sive drug resistance (XDR) as non-susceptibility to
at least one agent in all but two or fewer antimicro-
bial categories (i.e., bacterial isolates remaining
susceptible to only one or two categories), and
pandrug resistance (PDR) as non-susceptibility to
all agents in all antimicrobial categories.

Prophylaxis and immunosuppression

The standard surgical prophylaxis during the study
period consisted of ampicillin/sulbactam with ce-
fotaxime. Vancomycin or teicoplanin was adminis-
tered to patients suspected of having methicillin-
resistant Staphylococcus aureus (MRSA) based on
preoperative screening. Prophylaxis was typically
discontinued on the third day after LT unless a
suspected or documented infection occurred. Se-
lective digestive decontamination was not per-
formed.

Antifungal prophylaxis (in selected cases) includ-
ed fluconazole, liposomal amphotericin B or an
echinocandin, according to ESCMID recommen-
dations [14]. CMV prophylaxis (valganciclovir)
was used in patients at high risk for CMV infec-
tion, such as seronegative recipients of seroposi-
tive donor organ and those receiving immunosup-
pressive therapy with anti-lymphocyte immuno-
globulin.

For most patients, standard immunosuppression
consisted of tacrolimus for the first 15 days after
LT, followed by cyclosporine or everolimus. When
combination therapy was necessary, mycopheno-
late mofetil was the most frequently used agent. A

minority of patients received cyclosporine as the
primary immunosuppressive agent.

Statistical analysis

Quantitative data were expressed as median and
1st and 3rd quartile and compared using the
Mann-Whitney U test or Student’s t-test. Qualita-
tive variables were expressed as absolute frequen-
cies and percentages and compared using the Chi-
Square test. The diagnostic accuracy of selected
risk factors was evaluated using Receiver Operat-
ing Curve (ROC) analysis.

Factors associated with 30-day mortality after BSI
were analyzed using a stepwise binary logistic re-
gression model, where variables found to be sig-
nificant at the univariate level (p value <0.05) with
at least 5 events were introduced. Statistical analy-
sis was performed using SPSS, version 20 (Statisti-
cal Package for Social Sciences Inc., Chicago, IL).

B RESULTS

During the study period, 601 patients underwent
liver transplantation (LT). Among these, 96 (16%)
experienced at least one episode of bloodstream
infection (BSI) post-transplant. Many BSIs (45%)
occurred within the first month after LT (Figure
1A). The median age of the patients was 55.5 years,
with males accounting for 76% of the population.
The most common indications for LT were ESLD
due to viral hepatitis (HCV 40% and HBV 28%),
followed by alcoholic cirrhosis.

The most frequent sources of BSIs were central
vascular catheter infections (23; 24%), followed by
SSI (16; 17%), pneumonia (15; 16%) and UTI (6;
6%); only one case of BSI was associated with me-
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Figure 1B

Infectious source distribution
based on post-surgical periods.
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ningoencephalitis. In 35 cases (37%), the primary
focus remained unknown.

Figure 1B illustrates the distribution of infectious
sources based on post-surgical periods. Notably,
the proportion of BSIs with unknown origin in-
creased as the interval from LT lengthened (from
19% to 67%).

GNB accounted for 70% (67/96) of culture-posi-
tive cases, followed by GPB (29/96, 30%) and fun-
gi (2/96, 2%). Twelve episodes (12/96, 13%) were
polymicrobial while only one BSI was mixed. The
frequency of the isolated species is shown in Fig-
ure 2. Enterobacterales members were the majority
of GNB, with Escherichia coli (24/25%) and Klebsi-
ella pneumoniae (12/12%) being the most frequent.
Among GPB, Enterococcus faecium (13/13%), Staph-

ylococcus epidermidis (6 /6%) and Enterococcus faeca-
lis (4/4%) were the most common.

Among the 67 GNB isolates, 23 (34%) were antibi-
otic resistant strains, including 17 MDR, 6 XDR
and one PDR. The MDR isolates included 2 car-
bapenemase-producing K. pneumoniae, 7 extend-
ed-spectrum beta-lactamase-producing (ESBL)
bacteria, one Enterobacter cloacae, 2 Klebsiella aero-
genes, one Serratia marcescens, 3 Pseudomonas aeru-
ginosa and one Klebsiella oxytoca.

Among the 29 GPB isolates, 19 (65 %) were antibi-
otic resistant strains, including 17 MDR and 2
XDR. The MDR isolates included 4 methicillin-re-
sistant S. epidermidis (MRSE), 2 Enterococcus faeca-
lis, 9 Enterococcus faecium (with one vancomycin-
resistant Enterococcus), one Enterococcus gallina-
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rum and one Enterococcus raffinosus. The XDR iso-
lates included one E. faecium Van-A.

The crude mortality rate within 30 days after BSI
was 26% (25/96). Differences between deceased
and surviving patients are depicted in Tables 1 to 3.
A significantly higher proportion of female LT re-
cipients died within one month after BSI (p=0.014);
higher mortality was observed in patients with a
waiting list time of less than 20 days (p=0.021).
Additionally, hospitalization in the month before
LT was more common among patients with nega-
tive outcomes (p=0.027) as they more frequently
underwent combined kidney-liver transplanta-
tion or liver retransplantation (p=0.004).

Regarding chronic comorbidities, there were no
significant differences between the two groups.
However, the need for renal replacement therapy
(including hemo- or peritoneal dialysis, haemo
(dia)filtration and plasmapheresis) in the periop-
erative periods was significantly associated with
higher mortality (p=0.003).

An earlier BSI onset (< 26 days from LT), the pres-
ence of intravascular central catheter, the occur-
rence of acute renal failure and septic shock were
all significantly associated with higher mortality
(p ranging from <0.001 to 0.044). Undergoing in-
vasive procedures before 72 hours of BSI onset
was a protective factor (p 0.044). Furthermore, a

Table 1 - Demographic and clinical characteristics of the study cohort.

L All Living patients | Deceased patients o
Characteristics (n=96) (n=71) (n=25) 4 OR (95% CI) P
NN-Age (years) 55.5 (49-60) 56 (48-60) 54 (50-61.5) 0.713
. . . 2.073
Gender (female) 23 (24%) 12 (17%) 11 (44%) 0.014 (0.188-22.854) 0.552
NN-Body Mass Index (BMI) 24.7 (21.2-27.7) | 23.8 (21-27.9) 25.4 (21.7-27.4) 0.960
COPD 13 (14%) 11 (16%) 2 (8%) 0.503
Diabetes mellitus 31 (32%) 24 (34%) 7 (28%) 0.776
Gastrointestinal disease 17 (18%) 13 (18%) 4 (16%) 1.000
Cardiovascular disease 35 (37%) 26 (37%) 9 (36%) >0.999
Neurological disease 8 (8%) 7 (10%) 1 (4%) 0.676
Chronic kidney disease 10 (10%) 5 (7%) 5 (20%) 0.120
MELD® 18 (13-30) 18 (13-30) 18 (13.5-33) 0.444
>31 18 (19%) 10 (14%) 8 (32%) 0.074
Child-Pugh stage C 42 (45%) 33 (47%) 9 (41%) 0.831
Severe ascites 45 (47%) 30 (42%) 15 (60%) 0.195
NPT o o o 0.409
Pre-LT hospitalization® (yes) 49 (51%) 31 (44%) 18 (72%) 0.027 (0.040-4.230) 0.453
Previous abdominal surgery/TIPS¢ 16 (17%) 9 (13%) 7 (28%) 0.116
Previous or contemporaneous SOT*® 6 (6%) 1 (1%) 5 (20%) 0.004 - -
. e o o o 5.860
Time on waiting list <20 30 (32%) 17 (24%) 13 (52%) 0.021 (0.644-53.347) 0.117
HCV positivity 38 (40%) 26 (37%) 12 (48%) 0.446
HBs-Ag positivity 27 (28%) 22 (31%) 5 (20%) 0.428
Alcoholic cirrhosis 30 (31%) 23 (32%) 7 (28%) 0.875
NAFLD /cryptogenetic hepatitis 10 (10%) 9 (13%) 1 (4%) 0.446
Autoimmune hepatitis 12 (13%) 9 (13%) 3 (12%) >0.999
Acute hepatic failure 3 (3%) 2 (3%) 1 (4%) >0.999
Hepatocellular carcinoma (HCC) 32 (33%) 27 (38%) 5 (20%) 0.162
HIV positivity 9 (10%) 7 (10%) 2 (8%) >0.999

2COPD: Chronic obstructive pulmonary disease, "MELD: Model for End-Stage Liver Disease < Pre-LT hospitalization: included any hospitalization
within one month before LT ¢ TIPS: Transjugular intrahepatic portosystemic shunt ¢ SOT: solid organ transplantation ‘NAFLD: Non-alcoholic fatty

liver disease.
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significantly larger percentage of deceased versus
living LT recipients presented pneumonia as the
primary source of infection (36% vs 9 %, p=0.003)
and were infected with an XDR strain (24% vs 3%,
p=0.004).

Among laboratory variables, serum albumin levels
<29 g/dl, red blood cell count < 2,980,000/ mmc,
platelet count < 38,000/ mmc, white blood cell count
> 2,500/mmc, creatinine >1.02 and hemoglobin < 9
g/dl were all significantly associated with higher
mortality (p ranging from <0.001 to 0.019).

Multivariate analysis identified the following
independent risk factors for mortality: septic
shock (HR 226.980 [CI 95% 5.083-10135.347],
p=0.005), the absence of invasive procedures
within 72 hours before BSI onset (HR 88.567 [CI
95% 2.484-357.754], p=0.014), white blood cell
count > 2500/mmc (HR 34.948 [CI 95% 1.568-
778.750], p=0.025), creatinine >1.02 (HR 13.982
[CI 95% 1.487-131.485], p=0.021] and hypoalbu-
minemia (HR 24.775 [CI 95% 1.371-447.744],
p=0.030), (Tables 1 to 3).

Table 2 - Intra- and post-operative characteristics of the study cohort.

Characteristics (néi)l6 ) Livir(zfzp ;Itjents Decea(snetziz;;a)tients p value OR (95% CI) p
Biliary anastomosis (Roux-en-y) 12 (13%) 8 (11%) 4 (16%) 0.504
N-Duration of operation (min) <550 79 (84.0%) 55 (79.7%) 24 (96%) 0.063
NN-Cold ischemia time (min) >480 25 (26%) 16 (23%) 9 (36%) 0.309
NN-Blood transfusion (cc) <2400 62 (65%) 42 (60%) 20 (80%) 0.119
NN-Post-operative ICU stay (days)® >25 8 (10%) 5 (7%) 3 (25%) 0.092
Renal replacement therapy (RRT) 20 (21%) 9 (13%) 11 (44%) 0.003 | 0.278 (0.014-5.400) | 0.398
Acute rejection 10 (11%) 6 (9%) 4 (16%) 0.447
Post-operative biliary leak 10 (11%) 9 (13%) 1 (4%) 0.280
Reoperative episodes 13 (14%) 9 (13%) 4 (16%) 0.739

*ICU: Intensive Care Unit.
Table 3 - Clinical, microbiological and laboratory characteristics at the time of BSI
All Living Deceased
Characteristics (n= 96) patients patients | p value OR (95% CI) p
(n=71) (n=25)

Z’Z‘zé‘; 5 SI onset after LT (days) 4143%) | 23(32%) | 18(72%) | 0.001 0.079 (0.210-15.607) | 0.347
G+ 29 (30%) 22 (31%) | 7 (28%) 0.979
G- 67 (70%) 50 (70%) | 17 (68%) | >0.999
MDR** 34 (35%) 24 (34%) | 10 (40%) 0.753
XDRb* 8 (8%) 2 (3%) 6 (24%) 0.004 - -
PDR<* 1 (1%) 1 (4%) 0.260
ESBL#™* 23 (24%) 15 (21%) | 8(32%) 0.411
Primary source of infection
Surgical site infection (SSI) 16 (17%) | 9(13%) | 7(28%) | 0.116 0.032 (0.001-1.176) 0.061
Urinary tract infection (UTI) 6 (6%) 5 (7%) 1 (4%) >0.999
Pulmonary infection 15 (16%) 6 (9%) 9 (36%) 0.003
Catheter-related infection 23 (24%) 19 (27%) | 4 (16%) 0.417
Presence of central venous catheter 50 (52%) 29 (41%) | 21 (84%) | <0.001 3.283 (0.296-36.428) 0.333
Other device® 66 (69%) 45 (63%) | 21 (84%) 0.097

Continue >>>
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>>> Continue

Al Living Deceased
Characteristics (n=96) patients patients | p value OR (95% CI) p
B (n=71) (n=25)
Invasive procedures <72h* 53 (55%) 44 (62%) | 9 (36%) 0.044 88.567 (2.484-357.754) 0.014
Acute complications during BSI 70 (73%) 47 (66%) | 23 (92%) 0.025 - -
Acute renal failure 23 (24%) | 9(13%) | 14 (56%) | <0.001 0.326 (0.011-9.548) 0516
Bleedings# 10 (10%) 5 (7%) 5 (20%) 0.120
Septic shock 25 (26%) 6 (9%) 19 (76%) | <0.001 0.005
Others® 23 (24%) |14 (19.7%) | 9.(36.0%) | 0.171 | 226.980 (5.083-10135.347)
NN-Hemoglobin <9 o o o - -
27 (28%) 14 (20%) | 13 (52%) 0.005 1541 (0.119-19.958) 0.741
NN-Red blood cells 26 (27%) 14 (20%) | 12 (48%) 0.013 - -
(x10%ul) <2.98 0.899 (0.009-94.973) 0.964
NN-Platelets (x103) <38 31 (32%) | 15(21%) | 16 (64%) | <0.001 5,900 (0.673-51.738) 0.109
NN-White blood cellsc >2500 87 (91%) 69 (97%) | 18 (72%) 0.001 34,948 (1.568-778.750) 0.025
N-Albumin <2.9 48 (51%) 26 (37%) | 22(92%) | <0.001 24.775 (1.371-447.744) 0 (;3 0
NN-Creatinine >1.02 44 (46%) | 27(38%) | 17 (68%) | 0.019 | 13.982 (1.487-131.485) 0.021
Multiple BSI episodes 21 (22%) 20 (28%) 1 (4%) 0.026 - -

*MDR: multi drug resistant. " XDR: extensive drug resistant. ‘PDR: pan drug resistant. “ESBL: extended-spectrum beta-lactamase. “Other device:
nephrostomy, tracheostomy, abdominal/chest drainage, urinary catheter. ‘Invasive procedures <72 h before BSI onset: replacement of urethral
stent, Endoscopic Retrograde Colangio-Pancreatography (ERCP), liver biopsy, paracentesis. ¢Bleedings: haemothorax, hematemesis, rectal bleeding.
"Others: ischemic colitis, acute heart failure, myelotoxicity immunosuppressant-induced, acute anemia, acute respiratory failure, acute cholangitis.

*Resistance patterns are relative to all microbiological isolates (n° 102).

B DISCUSSION

In this study, we found that BSIs are a common
complication in LT recipients: 16% of our patients
developed at least one BSI episode after transplan-
tation. These findings align with those reported in
previous studies [15-17].

Although BSIs can occur at any time post- trans-
plant, their incidence is highest in the first post-
operative month, likely due to factors such as the
clinical severity of the underlying illness at the
time of transplant, breaches in the muco-cutane-
ous barrier resulting from surgery, the use of vari-
ous invasive devices, technical complications of
surgery and immunosuppression [4, 6, 18]. How-
ever, our data showed that BSIs are not rare even
later after the transplant.

In our center, central vascular line-associated in-
fections were the most common source of bactere-
mia, primarily during the early post-operative
period. This result is clearly associated with the
frequent use of intravascular devices in the early
post-operative care of transplant recipients.

Interestingly, no primary focus of infection could
be documented in 37% of the episodes. This high
rate of unknown sources may be explained by
early aggressive antibiotic therapy and the intrin-
sic difficulty in documenting intra-abdominal and
biliary sources in many cases [3].

GNB accounted for 70% of all isolates causing BSIs
in our series. A shift toward GNB as the predomi-
nant cause of BSI after LT has been reported in the
last decade [6].

Enterobacterales members represented the vast ma-
jority of GNB, with the most common species be-
ing E. coli (22%) [1].

Notably, we observed a high incidence rate of re-
sistant strains (35% MDR e 8% XDR) within both
Gram-negative and Gram-positive bacteria. This
confirms the alarming emergence and spread of
MDR pathogens over the last two decades, caus-
ing significant morbidity and mortality among
transplant recipients. Drug-resistant strains can
emerge due to exposure to broad-spectrum antibi-
otics in the pre-transplant phase and the frequent
use of broad-spectrum empiric antibiotic therapy,
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given the vulnerability of transplant recipients
[18]. The crude mortality rate in our series was
26%, consistent with data from other clinical stud-
ies documenting mortality rates ranging from 10%
to 52% [16, 17].

Although as many as 15 variables (including the
presence of XDR isolates, the source of infection
and RRT) were linked to a higher probability of
death, only five variables remained significantly
associated with negative outcome in a multivari-
ate analysis: septic shock, absence of invasive pro-
cedures within 72 hours before BSI onset, hypoal-
buminemia, white blood cell count > 2500/mmc
and creatinine >1.02.

The association between septic shock and mortal-
ity echoed the findings of others studies [19-21] on
SOT recipients with BSIs. Septic shock is the most
severe complication in this context, which is not
surprising as it reflects the severity of the illness.
Unfortunately, improving the management of sep-
tic shock remains a significant challenge.
Hypoalbuminemia has already been described as
an independently significant predictor of infec-
tions with a high risk of mortality in liver trans-
plant recipients [19]. It is difficult to attribute the
association between decreased serum albumin
levels and mortality to a single pathological mech-
anism. One possible explanation is that, in the im-
mediate post-transplant period, there may be a
transient reduction in the hepatic production of
serum proteins, such as albumin, complement,
and acute phase proteins. This could result in a
temporary suppression of the non-specific defense
system [22]. Additionally, in a pre-clinical study, P.
aeruginosa quorum sensing was inhibited by phys-
iological levels of serum albumin, suggesting the
importance of this protein in modulating its viru-
lence [23]. Increased creatinine levels in patients
with sepsis, including those who have undergone
liver transplantation, have been correlated with
disease severity in the literature [24].

Unlike other studies that identify leukopenia as
the most common risk factor for mortality in BSI
[21, 25], our study found that patients who died
within 30 days more frequently had elevated WBC
counts.

Curiously, since the biliary tract and the surgical
site are among the most frequent sources of BSI,
patients who did not receive early invasive proce-
dures had a higher risk of mortality, probably due
to poorer source control; this data underscores the

importance of correct diagnosis and source control
when indicated.

In conclusion, we documented that BSIs occurred
at a high rate after LT, especially in the first month
following surgery, with central lines being the
most frequent source of infection in our center. Al-
though GNB were the most common causative
agents, a high proportion of MDR strains was
found within both Gram-negative and Gram-pos-
itive bacteria. We documented a high 30-day mor-
tality rate and identified five specific risk factors:
septic shock, absence of invasive procedures with-
in 72 hours before BSI onset, hypoalbuminemia,
white blood cell count > 2500/mmc, creatinine
>1.02.

Being a retrospective study, our study is subject to
selection bias and limitations in data collection.
Furthermore, the study was conducted at a single
center, which may limit the generalizability of the
results to other populations or clinical settings. Al-
though the sample of 601 patients is considerable,
the number of bloodstream infection episodes (96)
may not be sufficient to detect all possible signifi-
cant variables.

Our study provides detailed information on post-
transplant BSI occurrence. In particular, the high
rates of antimicrobial resistance among blood cul-
ture isolates are concerning for these fragile pa-
tients, suggesting a major effort to rationalize the
use of antimicrobial therapy.
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