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ABSTRACT
Solid-organ transplantation (SOT) has become the preferred strategy to treat a number of end-stage
organ disease, because a continuous improvement in survival and quality of life. While preventive
strategies has decreased the risk for classical opportunistic infections (such as viral, fungal and
parasite infections), bacterial infections, and particularly bloodstream infections (BSIs) remain the
most common and life-threatening complications in SOT recipients. The source of BSI after
transplant depends on the type of transplantation, being urinary tract infection, pneumonia, and
intraabdominal infections the most common infections occurring after kidney, lung and liver
transplantation, respectively. The risk for candidemia is higher in abdominal-organ than in thoracic-
organ transplantation. Currently, the increasing prevalence of multi-drug resistant (MDR) Gram-
negative pathogens, such as extended-spectrum betalactamase-producing Enterobacteriaciae and
carbapenem-resistant Klebsiella pneumoniae, is causing particular concerns in SOT recipients, a
population which presents several risk factors for developing infections due to MDR organisms. The
application of strict preventive policies to reduce the incidence of post transplant BSIs and to
control the spread of MDR organisms, including the implementation of specific stewardship
programs to avoid the overuse of antibiotics and antifungal drugs, are essential steps to reduce the
impact of post transplant infections on allograft and patient outcomes.
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Introduction

Solid-organ transplantation (SOT) has been established
as an accepted therapy for a large variety of end-stage
organ conditions.1 The number of SOT procedures is
steadily increasing for all organs over these last years.2

As compared to 2012, an increase on the number of
transplantations of 2.1% in kidney, 3.2% in liver, 9.1% in
lung and 6.1% in heart transplant recipients was
observed in 2013 in the US.2 In addition, allograft sur-
vival, mostly in the short-term post-transplant period,
has significantly improved over the past few decades.2,3

However, the potential for surgical and technical com-
plications combined with the impact of immunosuppres-
sion predisposes SOT recipients to infectious
complications.1 In particular, bloodstream infections
(BSIs) remain a major cause of mortality after transplan-
tation.4-7 Reported BSIs-associated mortality ranges
from 3% to 33% in heart, 10%–52% in liver, 6%–25% in
lung, 6%–44.4% in pancreas, and 2.5%–11% in kidney
transplant recipients.7-13 Mortality can reach up to 50%
when bacteremia is accompanied with septic shock.7,14

Analysis of the data from a large US registry between
1987 and 2000 showed that post-transplant infections

were the leading cause of hospitalization up to 24
months post-transplant.15 Also, as a consequence of
BSIs, patients require longer hospital stays with increased
hospitalization and therapy-associated costs. It has been
estimated that the cost for care in the US of a BSI episode
in the post renal transplant setting is approximately
$48,400.7,16

In this article, we will review the epidemiology, risk
factors and outcomes of BSIs occurring in SOT recipi-
ents, focusing on the impact of multidrug resistance on
allograft and patient outcomes.

Risk of Infection in solid-organ transplant recipients

Predisposing factors for infection after transplantation
include those being present before transplant in the
recipient or the donor and those secondary to intraoper-
ative and post transplant events.1

The type of organ transplant is an important determi-
nant of the location of infection, especially during the
early period following transplantation, due to local ische-
mic injury and bleeding, as well as potential contamina-
tion. The chest, abdomen, and urinary tract are the most

CONTACT Oriol Manuel, MD oriol.manuel@chuv.ch Infectious Diseases Service and Transplantation Center, University Hospital (CHUV) and University of
Lausanne- BH10 / 553, CHUV, Lausanne, Switzerland.
© 2016 Taylor & Francis

VIRULENCE
2016, VOL. 7, NO. 3, 329–340
http://dx.doi.org/10.1080/21505594.2016.1139279

http://dx.doi.org/10.1080/21505594.2016.1139279


common sites of infection occurring in thoracic-organ,
liver, and kidney transplant recipients, respectively. Par-
ticular underlying diseases may increase the risk for post
transplant infections; patients with cystic fibrosis who
undergo lung transplantation are at higher risk for Pseu-
domonas and fungal infections as compared to patients
with other conditions.17,18 Also, chronic diseases already
present before transplant may persist after transplanta-
tion and increase the risk of infection. For example,
diabetes mellitus predisposes to the development of
soft-tissue and urinary tract infections also in SOT
recipients.19

Donor-derived disease transmissions are defined as
any disease present in the organ donor that is transmit-
ted to at least one of the recipients. Bacterial contamina-
tion of organs or bacterial infections and colonization in
the donor occurs frequently but rarely results in trans-
mission of infection.20,21 However, donor-derived infec-
tions are generally associated with poor outcomes. As
such, all early bacterial infections in the recipient should
prompt a careful review of donor cultures and consider-
ation of the donor as a potential source of infection. Of
great concern is the increasing incidence of multidrug
resistant bacteria, such as methicillin-resistant Staphylo-
coccus aureus (MRSA), vancomycin-resistant Enterococci
(VRE) and multidrug-resistant Gram-negative rods. The
problem is particularly serious with carbapenemase-pro-
ducing Gram-negative Enterobacteriaceae, which usually
exhibit extended-drug resistant phenotypes and remain
susceptible to only a few antibiotics. There have been
only a few reports assessing the optimal evaluation and
risk mitigation management related to these infections
caused by extensively resistant bacteria.22-25

Surgical factors have a major contribution of early
post transplant infection. Technical problems affecting
the vascular supply and functional integrity of the allo-
graft are major risk factors for infectious complications
that manifest after transplantation. There is a correlation
between the duration of surgery and the mean number
of episodes of infection per patient.26 The duration of
these operations is the manifestation of many individual
risk factors, including surgical stress, loss of blood and
body fluids, and direct tissue damage. Examples of spe-
cific technical problems associated with infection include
thrombosis of the hepatic artery after liver transplanta-
tion,27 vesicoureteral reflux after kidney transplanta-
tion,28 and mediastinal bleeding requiring re-exploration
in thoracic-organ transplantation. These complications
have been associated with hepatic abscesses and blood-
stream infection,27 allograft pyelonephritis 28 and media-
stinitis,27 respectively.

A recent meta-analysis found that severe hypogamma-
globulinemia during the first year post transplantation

significantly increased the risk of respiratory fungal and
bacterial infections, and was associated with higher one-
year all-cause mortality.29 Bacterial infections have been
traditionally associated with hypogammaglobulinemia,
predominantly IgG2 subclass.29-31 It is also suggested that
the potential side effects of immunosuppressive drugs
interfere with several neutrophil functions, which may
explain the enhanced susceptibility for bacterial infections
in patients after transplantation.32

Epidemiology and risk factors for bloodstream
infections in transplantation

Conventional bacteria remain the main cause of life-
threatening infections after transplantation. In a large
Spanish cohort of SOT recipients, incidence rates of BSIs
ranged from 7.3% in kidney to 20% in pancreas trans-
plant recipients.7 In this study, around 60% of all BSIs
occurred within one month post-transplantation and
late-onset BSIs (more than 180 days post transplant) rep-
resented 6% of all BSIs. Risk factors for the development
of BSIs have been reported in several studies. Most fre-
quent risk factors that are common to all SOT recipients
include intensive care unit (ICU) stay, previous exposure
to antibiotics, donor or recipient age, and retransplanta-
tion.33-35 Additional risk factors have been identified in
specific organ transplantation and will be discussed in
the next section.

Kidney transplant recipients

Studies assessing the incidence of BSIs after kidney trans-
plantation have consistently identified the urinary tract
as the most common infection site in kidney transplant
recipients. Urinary tract infections (UTI) are favored by
several anatomical considerations, such as the disruption
of the urinary tract during surgery, the presence of ure-
teral catheters during the first weeks post transplant, and
preexistent urinary tract abnormalities (vesico-ureteral
reflux, prostatic conditions).36,37 Among 1400 kidney
transplant recipients included in the Spanish RESITRA
cohort, urinary tract infection (UTI)-associated bacter-
emia was seen in 39%, followed by catheter-related BSIs
(21%) and surgical wound infections (4%).7 Similarly,
other cohorts have reported rates of BSI originating from
the urinary tract ranging from 37.8% to 55.2%.38,39 Risk
factors for BSI in kidney transplant recipients reported
in several studies include ABO incompatibility, previous
cytomegalovirus (CMV) infection, pre-transplant dialy-
sis, acute rejection, urologic disease, presence of a ure-
teral stent, and high post transplant serum creatinine
levels.40,41 Table 1 summarizes the most common risk
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factors of BSIs reported in the literature according to the
type of organ transplant.

Because of the frequent urinary origin of BSIs in
kidney transplant recipients, Gram-negative bacteria
are usually identified as the main pathogens responsi-
ble for BSI, with rates ranging from 62% to 70% of
all episodes. Figure 1 shows the rates of specific
pathogens causing bloodstream infections in SOT
recipients, according to the organ transplant. In the
RESITRA cohort, Escherichia coli was the responsible
for up to 30% of episodes of BSI, followed by Pseudo-
monas aeruginosa in 14%, Klebsiella spp. in 5%, Enter-
obacter spp in 4% and Acinetobacter baumanii in 3%.
Gram-positive pathogens were seen in 32% of the

episodes of BSI, being coagulase-negative Staphylo-
cocci (CNS) in 22% of cases, Enterococcus spp in 5%
and S. aureus in 3%, the most common pathogens.7

The incidence of candidemia after kidney transplanta-
tion is overall low, and it has been estimated to be
between 5–6% of all episodes of BSIs.7,39 Most com-
mon species of Candida found in these studies
include C. albicans, C. parapsilosis and C. glabrata,
although major differences were observed according
to the region of transplantation.7,39 Specific risk fac-
tors for the development of candidemia after kidney
transplantation were similar to non-SOT recipients
(antimicrobial use, sepsis, neutropenia, parenteral
nutrition, recent surgery, diabetes) except for

Table 1. Risk factors for the development of BSI in SOT recipients in selected publications.

Organ Reference Type of study Number of patients Risk factors Summary of main results

Liver 52 Retrospective 242 - Diabetes mellitus - Albumine level
<2.4g/dl

Hypoalbuminemia (p D 0.006),
catheterization for more than 3
weeks (p D 0.009) and post-
transplant hemodialysis
(p D 0.001) independently
predicted BSI. Hyperglycemia
(p D 0.03 to p D 0.002 according
to the studies) and previous
antibiotic therapy (OR 11.15, p D
0.005 if exposure to more than 3
antibiotics) were additionally
associated with the development
of candidemia. Reoperation or
biliary complications (p < 0.001)
as well as retransplantation
(p D 0.014) were the most
important risk factors not only for
BSI but also for BSI due to MDR
Gram-negative pathogens.
Preoperative S. aureus nasal
carriage also increased the risk for
post transplant BSI
(p D 0.007).

9 Retrospective 144 - Catheterization for more than 22 days-
Post transplant hemodialysis -
Recipient age >55 years

53 Retrospective matched
case-control study

26 with candidemia
and 52 controls

- Hyperglycemia treated with insulin up
to 2 weeks before candidemia -
Exposure to > 3 different intravenous
antibiotics

54 Prospective 704 - Preoperative S. aureus nasal carriage -
Kidney transplantation- Intraoperative
transfusions - Return to surgery -
Retransplantation- Biliary
complications

55 Prospective 475 - Post transplant abdominal infection -
Reoperation - One or more episodes
of acute rejection- Prolonged
endotracheal intubation -
Tracheostomy - Length of ICU stay
after transplantation

Kidney 40 Retrospective 330479 - Female recipient - Older recipient age
>65 years - Diabetes- Urologic disease -
Dialysis in the first week after transplant
- Duration of pre-transplant dialysis -
Rejection

Female gender (OR 1.49), older age
(OR 1.44) and diabetes (OR 2.05)
were independent risk factors
associated with bacteremia after
kidney transplantation. Both
studies emphasized the role of
renal insufficiency (adjusted OR
2.55, p D 0.045) and dialysis
before (OR 1.17) as well as after
transplantation (OR 1.28 if dialysis
in the first week post transplant)

41 Retrospective 99 - Immunosuppression with tacrolimus -
Baseline serum creatinine level
>1.3 mg/dL

Heart 5 Prospective 309 - Hemodialysis - Prolonged ICU stay - Viral
infection (mainly cytomegalovirus)

Independent risk factors for BSI after
heart transplantation were
hemodialysis (OR 6.5; 95% CI 3.2–
13, p< 0.001), prolonged ICU stay
(OR 3.6; 95% CI 1.6–8.1, p D
0.002), and viral infection (OR 2.1;
95% CI 1.1–4, p D 0.01).

Lung 62 Prospective 176 - Cystic fibrosis - Pretransplant mechanical
ventilation - Younger age

BSIs were significantly more common
in patients with cystic fibrosis (p
D 0.001), and with the use of pre
transplant mechanical ventilation
(p D 0.007)

Notes. BSI: Bloodstream infection
ICU: intensive care unit
MDR: multidrug resistant
OR: odds ratio

VIRULENCE 331



Figure 1. Rates of specific pathogens in selected publications causing bloodstream infections in SOT recipients, according to the organ
transplant. (A) kidney transplant recipients; (B) Liver transplant recipients; (C) Lung transplant recipients. X-axis represents the percent-
age of pathogens at each publication. The study from Al-Hasan et al (38), included only episodes of bacteremia by Gram-negative
pathogens. CoNS: Coagulase negative staphylococci.
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corticosteroid therapy (71% in SOT recipients vs. 29%
in non-SOT patients, p < 0.01).42

Kidney transplant recipients are at significant risk for
developing infection by multidrug -resistant (MDR)
pathogens, and some recent studies have assessed the inci-
dence of bacteremia due to rESKAPE pathogens (VRE,
MRSA, extended-spectrum betalactamase [ESBL]-produc-
ing K. pneumoniae, carbapenem-resistant A. baumannii,
carbapenem-resistant P. aeruginosa, and ESBL-producing
Enterobacter spp). In a single-center study from Greece,
22/108 (20%) kidney transplant recipients presented 26
episodes of bacteremia,43 and 7 (26.9%) of these episodes
were due to rESKAPE strains.43 In Spain, Bodro et al.
identified rESKAPE pathogens in up to 19.6% of BSI in a
cohort of 190 SOT recipients.34 In this study, most of the
pathogens were ESBL-producing K. pneumoniae and mul-
tidrug-resistant Pseudomonas which was associated with
an increase of mortality. Patients with rESKAPE BSI more
often received inappropriate empirical antibiotic therapy
than in case of BSI due to other organisms (41% vs.
21.6%; p D 0.01). Persistence of bacteremia, respiratory
failure, ICU admission, and invasive mechanical ventila-
tion were more frequent in rESKAPE bacteremic episodes
and outcomes were poorer compared with other etiolo-
gies, with a higher overall case-fatality rate (35.2% vs.
14.4%; pD0.001).34 Reported rates of infection by ESBL-
producing organisms ranged from 26% to 45% in Spain
and Brazil, particularly in case of relapsing episodes of
UTI.44,45 In a retrospective cohort from Brazil, infection
by carbapenemase resistant-Klebsiella pneumoniae (CR-
KP) in kidney transplant recipients was particularly preva-
lent in patients with ureteral stents and it was associated
with high mortality.46 Of note, the incidence of resistant
bacterial infection in SOT recipients is lower in other
countries,47 although a significant trend toward an
increase of infections due to resistant bacteria is univer-
sally observed.

In patients receiving cotrimoxazole prophylaxis for
UTI, up to 62% of infections have been reported as
caused by cotrimoxazole-resistant organisms,48,49

although this has to be balanced with the high efficacy of
cotrimoxazole for preventing other opportunistic infec-
tions. Use of fluoroquinolones as prophylaxis for kidney
transplant recipients has been linked to surges in fluoro-
quinolone-resistant P. aeruginosa.48,50 Frequent use of
antibiotics for treatment of asymptomatic bacteriuria
also has been associated with antimicrobial resistance,
and current guidelines generally do not recommend
treating patients without symptoms.48 In a study of
patients with asymptomatic E. coli bacteriuria, treatment
led to selection of resistant organisms in 78% of cases.51

Empiric coverage for resistant organisms should there-
fore be considered according to the local epidemiology,

use of prophylactic antimicrobial drugs, and severity of
clinical presentation, particularly in the early post-trans-
plant period.38 Of note, outbreaks of organisms resistant
to all commonly available antibiotics have occurred in
kidney transplant recipients; treatment options may be
restricted to nephrotoxic agents such as colistin or ami-
noglycosides,48 which can be associated with impaired
allograft outcomes.

Liver transplant recipients

BSIs are frequent complications in liver transplant recipi-
ents. This is related to the risk of relative immunosup-
pression of cirrhotic patients previous to transplantation,
and to the prolonged surgical procedure of transplanta-
tion. Identified risk factors for BSIs after liver transplan-
tation include diabetes mellitus, hypoproteinemia,
catheterization, preoperative massive effusion or ascites,
preoperatively S. aureus carriage, post-transplant hemo-
dialysis, operative blood loss, reoperation, need for
mechanical ventilation, and bile duct complications.9,52-55

Because improvement in surgical techniques and in pre-
ventive antimicrobial strategies, some differences in the
types of organisms isolated from blood cultures after liver
transplantation have been reported over time. In the 1980s,
BSIs were predominantly caused by Enterobacteriaceae spe-
cies and were mostly associated with an intra-abdominal
source.26,54 The emergence of Gram-positive cocci was sub-
sequently reported in studies conducted in the 1990s, with
MRSA being the leading causative agent and intravascular
catheters the most frequent source of BSIs, respectively.54,56

More recent cohorts have reported a similar incidence
between Gram-positive and Gram-negative organisms as
the cause of BSI after liver transplantation.7

In a prospective single-center study from France, 259
episodes of BSI in 205 patients were documented resulting
in an incidence rate of 36.8 episodes per 100 transplanted
patients (259/704), including Gram-negative bacilli in
52% and Gram-positive organisms in 37% of cases.54

Enterobacteriaceaemembers represented the vast majority
of Gram-negative bacilli, and the most common species
was E. coli. Among Gram-positive organisms, S. aureus
was the most common pathogen. In this study, sources of
BSIs were intra-abdominal infections (27.7%), catheter-
related infections (15.1%), urinary tract infections
(12.9%), pulmonary infections (9.4%), biliary infections
(8.2%), and wound infections (3.1%). The primary focus
remained unknown in 26.6% of the episodes. Candida
infection is a significant concern in liver transplant recipi-
ents and can be a major factor associated with poor prog-
nosis. Prior studies have shown that between 5% and 42%
of liver transplant patients develop at least one fungal
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infection after transplantation with an associated mortal-
ity ranging from 25% to 71%.57,58

Antibiotic resistance was frequently reported in these
studies. Infection due to ESBL-producing Enterobacter-
iaciae has been reported to be as frequent as 8% of all
BSI.38 Other series have shown an increased incidence
of infection by MDR Gram-negative organisms, such as
Stenotrophomonas maltophilia, Ochrobactrum anthropi,
Pseudomonas spp, and A. baumanii. Infection by these
organisms reached up to 56% of all episodes of BSIs.55

In a cohort of liver transplant recipients in Italy, infec-
tion by CR-KP was seen in up to 8.4% of patients, being
bacteremic the majority of these infections.59 Crude
mortality in these patients was 45%, as compared to
7.3% in non-infected patients. Specific risk factors for
BSI by CR-KP included renal replacement therapy,
mechanical ventilation >48 hours, histological recur-
rence of HCV and rectal carriage by CR-KP. Infection
by other MDR organisms has also been associated with
significant morbidity and mortality. Pre-transplant colo-
nization with VRE doubles the risk of mortality after
transplant.60,61 Patients who underwent a liver trans-
plantation with MRSA nasal colonization had a signifi-
cant higher risk of infection by MRSA associated with
inferior outcomes.54,61

Lung transplant recipients

There are fewer studies assessing the epidemiology of BSI
in lung transplant recipients than in other transplant
types. In a single-center study from the US, BSI occurred
in 25% (44/176) of all lung transplant recipients,62 being
S. aureus, P. aeruginosa, and Candida spp. the most
common bloodstream isolates. The epidemiology varied
considerably between early and late post transplant time
periods and also differed between cystic fibrosis (CF)
and non-CF patients. In pediatric lung transplantation,
the most commonly isolated organism from BSIs was
also CNS, reflecting the use of intravenous catheters in
CF patients.63 In a prospective multicenter study involv-
ing 305 patients, pulmonary (46%) and vascular catheter
infections (41%) accounted for a majority of the episodes
of BSIs after lung transplantation.6 Fifty percent of BSIs
in the first post transplant year were of pulmonary ori-
gin. After one year, the proportion of BSIs that were due
to pulmonary infections declined to 26.7% and vascular
catheters emerged as the leading source of BSI (53.3%).
A total of 57% of the Gram-negative BSIs were due to
MDR bacteria; these included 50% of P. aeruginosa,
100% of Burkholderia cepacia group and 50% of K. pneu-
moniae isolates. Pulmonary infection was the most com-
mon source of BSI caused by resistant Gram-negative
pathogens (71%). In all, 35% of the patients with CF

compared to 8% with other underlying lung diseases had
resistant Gram-negative bacteremia, and this was mostly
due to infection by B. cepacia group in CF patients.

Bacteremia by B. cepacia group, and particularly B.
cenocepacea, is an important concern in CF lung
transplant recipients.64,65 Patients colonized by B. cen-
ocepacea have an increased mortality after transplan-
tation, reaching up to 80% in the first year post
transplant.66-68 Cause of death is usually due to the
so-called cepacia syndrome, consisting in progressive
necrotizing pneumonia with persistent bacteremia.69

Because B. cenocepacia is virtually panresistant to all
antibiotics, therapy usually consists in the administra-
tion of a combination of high doses of antibiotics
with suboptimal in vitro susceptibility. Antibiotics
that may be used in this situation include tygecyclin,
chloramphenicol, temocillin, ceftazidime, meropenem
and tobramycin.70 Only some case reports of success-
ful therapy for cepacia syndrome after lung transplan-
tation have been reported, so that colonization by
B. cenocepacia is considered as a contra-indication
for lung transplantation in most lung transplant
programs.71

Heart transplant recipients

In the study from the RESITRA cohort from Spain the
incidence of BSI in heart transplant recipients was
approximately 11%.7 Gram-positive organisms were the
most frequent etiologic agents with CNS isolated in
around 27% of all the bacteremias, followed by S. aureus
in 21% of cases. Central venous catheters were by far the
most frequent source for BSIs (44%), followed by pulmo-
nary (9%) and surgical wound (9%).

In another study, 60 episodes of BSI in 49 out of 309
patients (15.8%) were diagnosed.5 Most episodes of BSI
were nosocomially-acquired (66%), especially those
occurring earlier after transplantation. Lower respiratory
tract infection (23%), urinary tract infection (20%) and
catheter-related-BSI (16%) were the most frequent sour-
ces of bacteremia. Gram-negative microorganisms pre-
dominated (55.3%) (including E.coli, P. aeruginosa, K.
pneumoniae, S. marcescens), followed by Gram-positive
microorganisms (44.6%) (S.aureus, S. epidermidis, E.fae-
calis), 6 (10%) episodes were polymicrobial and there
was one case of fungemia (C.albicans). Independent risk
factors for BSI in this study were hemodialysis, pro-
longed intensive care unit stay and previous CMV
infection.5

Over the last years, an increasing number of heart
transplant candidates are transplanted with a ventricular
assist device (VAD) in place. Patients with a pre-trans-
plant VAD had a higher incidence of local infection
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(mediastinitis) at the time of transplant. Some studies
have also associated pre-transplant VAD infection with
an increased risk for bacteremia following transplanta-
tion, and a decreased survival,72,73 particularly in case of
Candida infection.74

Pancreas transplant recipients

Pancreas and kidney-pancreas transplant recipients are
at significant risk for bacterial infectious complications.
This is due to the high rate of surgical complications in
this type of transplantation and the higher net state of
immunosuppression (with increased rates of acute rejec-
tion). Main infectious complications include intraabdo-
minal infections, duodenal leaks, recurrent UTIs (in case
of bladder-drained allograft) and wound infections. A
retrospective analysis of kidney-pancreas and solitary
pancreas transplantation with enteric drainage showed
that bacteremia occurred in 29/110 (26%) patients with a
17% of recurrent infections.75 Most of the BSIs were seen
during the first 3 months after transplantation. In this
series, the most common organisms included CNS,
Enterobacteriaciae, VRE, and Acinetobacter spp Bacter-
emia was associated with coexisting site infection in the
majority of the cases: deep abdominal wound (31%);
catheter (31%); urinary tract (34%); and pulmonary
(7%). In a prospective study by Kawecki et al. in simulta-
neous pancreas-kidney transplantation recipients with
BSIs, the most common isolates were Gram-positive bac-
teria (73.9%) with predominance of Staphylococci strains
(81.8%) (76). Gram-negative bacteria comprised 17.4%
of positive cultures, whereas yeast-like fungi were seen in
8.7% of cases, with a predominance of C. glabrata.

Intestinal transplant recipients

Small bowel transplantation is one of the least com-
monly performed SOT procedures worldwide and one
of the most technically challenging, so that there are
few studies that have comprehensively assessed the
burden of BSIs in this setting. Of note, a significant
numbers of these procedures are performed in the
pediatric population. The incidence of BSIs after small
bowel and/or combined transplantation appears to be
higher than in other types of transplant. Among pedi-
atric intestinal transplant recipients a total of 39/62
intestinal transplant recipients had 133 bloodstream
infections (2.1 episodes/patient) including 121 epi-
sodes of bacteremia and 12 of fungemia. Enteric
organisms were the most frequently recovered patho-
gens, with 76 episodes due to Gram-negative rods
and 36 episodes due to Enterococci.77 Other studies
have found a higher prevalence of Gram-positive

pathogens. For example, in a retrospective study of
adult and pediatric small-bowel transplant recipients,
from a total of 85 BSI episodes, 66% were due to
Gram-positive organisms, 34% to Gram-negative
organisms, and 2.4% due to fungi. The most common
isolates were Enterococcus spp., Enterobacter spp,
Klebsiella spp., and CNS, reflecting the most frequent
sources of infection, namely intraabdominal and cath-
eter-related infection.78

Prevention strategies of BSIs in SOT recipients

Infection control measures to reduce the incidence of
specific BSIs that have shown efficacy in the general pop-
ulation should also be implemented in SOT recipients.
These include the prevention of catheter-associated
BSIs,79 prevention of catheter-associated UTI (removal
of unnecessary bladder or ureteral catheters) 80 or venti-
lator associated pneumonia.81

Recent guidelines for the prevention of catheter-asso-
ciated BSIs recommend ultrasound guidance for CVC
placement to reduce the number of cannulation attempts
and mechanical complications, and that only staff fully
trained in this technique should undertake this proce-
dure.82 Other major areas of emphasis are the use of
maximal sterile barrier precautions during insertion, use
of a 2% chlorhexidine preparation for skin antisepsis,
avoiding routine replacement of catheters and use of
chlorhexidine-impregnated sponge dressings.82 Although
prevention of catheter-associated BSIs has been explored
mainly in ICU patients, there is no reason to believe that
those general recommendations should not be appropri-
ate for SOT recipients.83

Perioperative antibacterial prophylaxis has been
shown to be effective in preventing wound infections in
kidney transplant recipients,84 but literature on the effi-
cacy of antibiotic prophylaxis on other transplant recip-
ients is scarce. Duration of antibiotic prophylaxis
should be as short as possible (24–48 hours), except in
patients with pre transplant infections (CF patients,
infection of a VAD) or with suspected donor-derived
infection (aspiration pneumonia in a lung donor). The
choice of the antibiotic should be given the local epide-
miology, but even centers with a high incidence of
MDR Gram negative pathogens usually do not expand
the antibiotic spectrum to cover colonizing pathogens.
However, in patients that are colonized by MRSA, topi-
cal decolonization may decrease the risk of infection in
SOT recipients. In a study involving liver transplant
recipients with nasal carriage of MRSA, the rates of
infection decreased from 40.4% to 4.1% and the rate of
BSI from 25.5% to 4.1%, after decolonization with topi-
cal mupirocin.60,85 Selective bowel decontamination
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(SBD) is used in liver, pancreas and intestinal transplant
recipients to prevent colonization of the gastrointestinal
tract by aerobic gram-negative bacilli and fungi while
sparing the anaerobic gut flora.86,87 The use of SBD has
been shown to result in a reduction of bacterial infec-
tions in 2 randomized controlled trials in liver trans-
plant recipients.88,89 The impact of SBD on the rising
incidence of infections with VRE and MRSA has been
noted at some liver transplant centers but has not been
fully characterized.90

Pulmonary infections are common in lung transplant
recipients, because of impaired mucociliary clearance
and abolition of the cough reflex distal to the tracheal or
bronchial anastomosis.91 To reduce the risk of infection
in patients with CF, perioperative antibiotics are chosen
on the basis of sputum culture results obtained preopera-
tively, and the antibiotics are administered for a longer
period postoperatively (14 days). Routine sinus surgery
is advocated by some centers.

The best strategy for the prevention of UTI in kidney
and in kidney-pancreas transplant recipients remains to
be established. Prophylaxis with cotrimoxazole has been
shown to be effective for the prevention of UTIs and bac-
teremia after kidney transplantation in randomized clini-
cal trials,92,93 and it is highly recommended during the
first months post transplant to additionally reduce the
incidence of opportunistic infections, such as Pneumo-
cystis jirovecii pneumonia, toxoplasmosis and listeriosis,
among other infections. However, a significant number
of patients may develop positive urinary cultures despite
cotrimoxazole prophylaxis. It is debated whether treating
asymptomatic bacteriuria may prevent cases of pyelone-
phritis and BSIs, and may preserve allograft function.
Because of the serious concern of the acquisition of anti-
biotic resistance, and the discordance literature about the
impact of untreated asymptomatic bacteriuria, screening
and therapy of asymptomatic bacteriuria it is generally
not recommended after the first weeks post transplant.94

Antifungal prophylaxis against Candida infection is
based on both risk and epidemiologic factors. In kid-
ney and in heart transplant recipients, administration
of antifungal prophylaxis is not routinely recom-
mended, and should be based on individual risk fac-
tors (such as the use of extracorporeal membrane
oxygenation (ECMO), or renal replacement therapy
(RRT).95 Lung transplant recipients are a lower risk
for developing Candida infection, but usually receive
anti-mold prophylaxis, which appropriately covers
most Candida species. Liver transplant recipients that
are at higher risk for developing of invasive candidiasis
early after transplant (i.e. retransplantation, RRT)
should receive antifungal prophylaxis with fluconazole
or an echinocandin.96 Although there is little data

specifically in pancreas and in intestinal transplanta-
tion, given the higher incidence of invasive candidiasis,
universal antifungal prophylaxis is usually recom-
mended in these populations. Duration of antifungal
prophylaxis varies among centers (between 2–14 days)
and caution should be taken regarding the potential
interaction between azoles and calcineurin inhibitors.97

Conclusion

Bacterial infections, including BSIs, have become the
most significant infectious threat in SOT recipients, cur-
rently overtaking classical opportunistic infections as the
most common infectious complications in terms of mor-
bidity and mortality. In addition, the increasing preva-
lence of MDR bacteria worldwide (especially MDR
Gram-negative pathogens) is causing particular concerns
in SOT recipients, a population which presents several
risk factors for developing infections due to MDR organ-
isms. This is especially important due to the potential
increased toxicity and suboptimal efficacy of antibiotic
therapy used to treat infections due to MDR pathogens
in SOT recipients. The application of strict preventive
policies to reduce the incidence of post transplant BSIs
and to control the spread of MDR organisms, such as the
administration of a short duration of pre transplant anti-
biotic prophylaxis, a timely removal of unnecessary cath-
eters, and the implementation of specific stewardship
programs to avoid the overuse of antibiotics and antifun-
gal drugs (for example, for treating asymptomatic bacte-
riuria in kidney transplant recipients) is an essential step
to reduce the impact of BSI on allograft and patient
outcomes.
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