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Objective: The epidemiology of a bloodstream infection (BSI) in a renal transplant recipient (RTR) and the resistance pro-
files of the isolates provide important guidance for empirical treatment.

Materials and Methods: The medical records of RTRs from a single university hospital during the period of January 2000
to January 2016 were retrospectively evaluated for the presence of a BSI. Blood culture and antibiotic susceptibility results
were reviewed in addition to demographic and clinical data. The distribution of causative microorganisms and risk factors for
mortality in RTRs with a BSI were analyzed.

Results: In all, 74 BSIs and 76 distinct bacteria were observed in 56 (8%) of 702 RTRs. The mean age of the patients was
43+14 years; 55% were female, and 54% of the transplants were from living donors. Gram-negative bacteria, predomi-
nantly Enterobacteriaceae, were the most common (71%) pathogen. One-fifth of all BSIs occurred within the first month of
transplantation. Among those that were Gram-positive, there were 5 coagulase-negative staphylococci and 8 Staphylococcus
aureus BSIs. The rate of resistance to extended-spectrum p-lactamase, quinolone, and trimethoprim-sulfamethoxazole in
Gram-negative enteric bacilli (GNEB) was 36%, 34%, and 50%, respectively. All of the GNEB were susceptible to carbapen-
ems and amikacin. The overall mortality rate was 25%. The median length of time from the onset of BSI to death was 8 days
(min—-max: 2-46 days). The urinary tract was the primary source of infection in 53% of the patients. Delayed graft function
significantly increased the mortality risk among RTR patients with a BSI.

Conclusion: Gram-negative bacteria were the leading cause of BSIs and demonstrated high resistance rates, and the most
common site of infection was the urinary tract. Awareness of local epidemiology and resistance profiles will enable tailored
treatment strategies to manage a BSI in RTRs.

Keywords: Bacteremia, bloodstream infections, Gram-negative bacteria, renal transplantation

A bacterial bloodstream infection (BSI) is a serious complication and an important cause of mortality and morbidity
in renal transplant recipients (RTRs) (1-6). A post-transplant BSI is associated with graft loss and decreased patient
survival (7). Rapid initiation of appropriate empirical antibiotic therapy when there is a suspicion of bacteremia is
of great importance; delays in therapy are related to poorer outcomes. However, the local epidemiological fea-
tures have important implications for empirical therapy.

There are very few studies in the literature pertaining to the types and antimicrobial susceptibilities of microorgan-
isms that lead to BSIs in RTRs. Furthermore, the spectrum of etiological agents and susceptibility profiles have
changed over time and vary between centers (5-8).

The incidence of BSI in kidney transplantation varies between 7% and 25%, and is most often associated with
a urinary tract infection (UTI) (37.8-55.2%), catheter-related infection (21%), or surgical wound infection (4%)
(3-10). Drug-resistant ESKAPE pathogens (vancomycin-resistant Enterococci [VRE], methicillin-resistant Staphy-
lococcus aureus [MRSA], extended-spectrum beta-lactamase [ESBL]-producing Klebsiella pneumoniae [K. pneu-
moniae], carbapenem-resistant Pseudomonas aeruginosa [P, aeruginosa), and ESBL-producing Enterobacter spp.)
are found in 19.6% to 26.9% of BSI cases with high mortality (5-13).

This study was undertaken to (i) determine the incidence of a bacterial BSI in RTRs; (ii) investigate the demographic
and clinical characteristics of patients with a BSI, (iii) define the species distribution and susceptibility profiles of the
isolates that were observed between January 2000 and January 2016, and (iv) define risk factors for BSI mortality.

The study protocol was approved by the Hacettepe University Ethics Committee on July 13, 2016 (no: GO 16/432).
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This study was a retrospective, single-center, descriptive study. The
data were collected from the hospital files and electronic medical
records of RTRs who presented at a single hospital between Jan-
uary 1, 2000 and January 1, 2016 who had at least 1 positive
blood culture result.

The demographic data of the patients, date of renal transplanta-
tion (RT), underlying renal disease, presence of comorbid illness,
donor source (living vs cadaveric), presence of dialysis before
transplantation, delayed graft function (defined as the need for
hemodialysis within 1 week after transplantation), presence of
corticosteroid use before transplantation, immunosuppressive
treatment after transplantation, date of BSI, presence of central
venous access, double-J stent, drainage catheter, and need for
reoperation were recorded. In addition, details of the presence
of any infection before transplantation, use of prophylactic an-
tibiotics other than preoperative surgical prophylaxis, presence
of acute/chronic rejection, duration of hospitalization, intensive
care unit requirement, and the outcome of the infection episode
were recorded and analyzed.

A positive blood culture result after transplantation was accepted
as a BSI episode. In cases where the same pathogen was isolated
in a subsequent blood culture during a single BSI episode, only the
first isolate was included. Coagulase-negative staphylococci (CoNS)
were considered a causative agent in the presence of =1 positive
blood culture result with fever, hypothermia, or hypotension not
due to other causes following the initiation of treatment. The white
blood cell count; hemoglobin, serum creatinine, serum C-reactive
protein, and procalcitonin values; and the erythrocyte sedimen-
tation rate during the BSI episode were recorded. The results of
other cultures performed were also reviewed to identify the source
of the BSI, as well a review of the medical records for the presence
of any clinical infection site.

The causative microorganisms identified were ESBL-producing
Escherichia coli (E. coli), ESBL-producing K. pneumoniae, VRE,
carbapenem-resistant Acinetobacter baumannii, carbapenem-resis-
tant P aeruginosa, ESBL-producing Enterobacter spp., MRSA, and
methicillin-resistant Staphylococcus epidermidis. Gram-negative
Enterobacteriaceae were assumed to be multidrug-resistant (MDR)
if there was resistance to =3 or more classes of antibiotics, exten-
sively drug-resistant (XDR) if there was non-susceptibility to at least
1 agent in all but 2 or fewer antimicrobial categories (bacterial
isolates remain susceptible to only 1 or 2 antimicrobial categories),
or pan drug-resistant if there was non-susceptibility to all agents in
all antimicrobial categories (14).

Septic shock was defined as a systolic blood pressure measure-
ment of <90 mmHg that required vasoactive drug therapy. Biop-
sy-proven allograft rejections were recorded. At our center, the
perioperative prophylaxis therapy was a single dose of cefazolin
sodium administered 30 minutes before the skin incision. Tri-
methoprim-sulfamethoxazole (TMP-SMX) (double-strength tablet,
3 times a week) was administered for Pneumocystis jirovecii and
UTI prophylaxis for 6 months, and oral valganciclovir was adminis-
tered for Cytomegalovirus prophylaxis for 3 months in all patients
beginning in 2010. Immunosuppressive drugs, such as calcineurin
inhibitors, mycophenolic acid, and steroids, were administered ac-
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cording to the written protocols of the kidney transplant committee
of our institution. Before the year 2009, the immunosuppressive
regimens used were prednisolone plus mycophenolate or azathio-
prine plus tacrolimus or cyclosporine, whereas after 2009, pred-
nisolone plus mycophenolate plus tacrolimus was used in all RTRs.

The BD BACTEC 9240 Blood Culture System (Becton Dickinson
& Co., BD Diagnostic Systems, Sparks, MD, USA) was used in
routine practice at our institution during the study period. Blood
cultures were incubated for 5 days. If the automated alert system
signaled any growth in cultivated bottles, Gram-stained samples
were examined microscopically to visualize the microorganism.
Concomitantly, subcultures on blood and chocolate agar plates
were performed and incubated at 35+2°C with 5-10% CO, for
48 hours. The final report result was defined as no growth if there
were no colonies on the agar media.

Between 2000 and 2014, all isolates were identified using a BD
Phoenix automated identification/susceptibility testing system
(Becton Dickinson & Co., BD Diagnostic Systems, Sparks, MD,
USA). Between January 2014 and November 2017, a VITEK MS
V2 Myla Version 4.2 system (bioMérieux, Marcy-1'Etoile, France)
was used. The antimicrobial susceptibility testing was performed
using a VITEK 2 Compact system (bioMérieux, Marcy-I'Etoile,
France). Resistant phenotypes were confirmed with either the
Kirby-Bauer method or a gradient test (E-test; bioMérieux, Mar-
cy-I'Etoile, France). The results of antimicrobial susceptibility
tests were interpreted according to Clinical Laboratory Standard
Institute guidelines between 2000 and 2017.

The data analysis was performed using IBM SPSS Statistics for
Windows, Version 23.0 software (IBM Corp., Armonk, NY,
USA). Categorical variables were presented as number and per-
centage. The median (minimum-maximum) value was used for
non-normally distributed numeric variables, and mean+SD for
those with normal distribution. A chi-squared test was used to
assess associations between categorical values in independent
groups. The Mann-Whitney U test was used to compare contin-
uous variables. Stepwise multivariate logistic regression analysis
was used to determine risk factors affecting mortality. All of the
statistical tests were 2-tailed, and the threshold of statistical sig-
nificance was p<0.05.

In this study group, 56 (8%) of the 702 RTRs studied had at least
1 BSI episode. Among the 56, we recorded a total of 74 BSI
episodes and 76 distinct bacteria. The mean age of the patients
at the time of the BSI was 43+14 years, and 31 (55.4%) were
female. In all, 54% had received a kidney from a living donor. The
leading underlying causes of end-stage renal disease in RTRs who
had a BSI episode were hypertension, diabetes, and glomerulone-
phritis. Nine of the 56 (16.07%) underwent retransplantation and
25 (44.6%) had biopsy-confirmed graft rejection before or after the
BSI episode. The demographic characteristics of the RTRs with a
BSI are provided in Tables 1 and 2.
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Table 1. Demographic features of renal transplant recipients with
bloodstream infections

n %
Total patient number, n 56
Before 2010 45 80.3
Age at BSI, years (mean+SD) 43+14
Female 31 554
Single transplant 47 84
Living donor 32 57.1
Dialysis, pretransplantation 54 96.4
Delayed graft function 14 25
Underlying cause of ESRD
Hypertension 10 17.8
Diabetes mellitus 6 10.7
Glomerulonephritis 9 16
Amyloidosis 7 12.5
Pyelonephritis 1 1.7
Polycystic kidney disease 2 3.5
Uretero-vesical reflux ) 8.9
Solitary kidney 3 5.3
Nephrolithiasis 2 3.5
Unknown 11 19.6
Post-transplantation comorbidity
Diabetes mellitus 11 19.6
Malignancy* 6 10.7
Biopsy-proven rejection 25 44.6
Mortality, in-hospital 14 56

*: Burkitt lymphoma, non-Hodgkin lymphoma, colorectal carcinoma, esophageal
carcinoma, epidermoid carcinoma, basal cell carcinoma. BSI: Bloodstream
infection; ESRD: End-stage renal disease

The median length of time from RT to first BSI was 56.3 months
(min—-max: 0.1-284 months). A BSI occurred within 30 days after
transplantation in 20.3% and within 60 months in 44.6% (Table 2).

Since transplantation protocols regarding immunosuppressive and
prophylactic antimicrobial usage both were revised at the study
facility in 2010, data of the time from transplant to BSI episode
among RTRs who underwent transplantation before and after
2010 were compared. The median time from transplant to first
was 86 months (min—-max: 0.1-284 months) in the patients who
had a RT before 2010, and 0.6 months (min—-max: 0.2-43.3
months) in the patients who had RT after 2010, which was a sta-
tistically significant difference (p=<0.001).

The overall mortality was 25% (14/56) among patients with RT,
and 18.9% (14/74) of the BSI episodes resulted in mortality. The
median time between the onset of BSI and death was 8 days (min—
max: 2-46 days). The mortality rate during a BSI episode was
12% in the first year of transplantation and 22.4% after the first
year of the transplantation, with no statistically significant differ-
ence (p=0.358). But the time between RT and BSI was statistically
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Table 2. Characteristics of renal transplant patients with a bloodstream

infection
n %
Total BSI episodes 74
Before 2010 63
Number of BSI episodes
1 44 78.6
2 9 16
>2 3 5.4
Laboratory values during BSI episode,
median (min-max)
Creatinine, serum, mg/dL 2.15(0.6-12.8)
Blood urea nitrogen, mg/dL 41 (12-139)
Leukocyte, cells/mL 8 850 (8-25 000)
Hemoglobin, g/dL 9.7 (6.8-14.7)
Erythrocyte sedimentation rate, mm/h 36 (2-135)
C-reactive protein, mg/dL 9.9 (0.28-61)
Procalcitonin, mg/dL 10 (0.12-92)
Propyhlactic antibiotic use, n (%) 10 13.5
Immunsuppresive regimen during BSI episode
Mycophenolate 57 77.0
Corticosteroid 65 87.8
Tacrolimus 21 28.3
Cyclosporine 43 58.1
Azathioprine 34 459
Sirolimus 5 6.75
Double-J stent 21 28.3
Drainage catheter 16 21.6
Urinary catheter 14 189
Central venous catheter 38 51.3
Reoperation 3 4
Intensive care unit transfer 16 21.6
Time from transplantation to BSI
First month 15 20.3
1-6 months 8 10.8
6-12 months 2.7
12-60 months 8 10.8
>60 months 41 55.4
Mortality during BSI episode
First month 0 0
1-6 months 3 4.05
6-12 months 0 0
12-60 months 0 0
>60 months 11 14.86

BSI: Bloodstream infection
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Table 3. Results of univariate logistic regression analysis: risk factors for bloodstream infection mortality

Total RTR-BSI patients (n=56) Survived (n=42) Died (n=14) P
Age at the time of BSI, years, median (min-max) 41.1 (20-65) 49 (39-70) <0.001
Female, n (%) 24 (57.14) 7 (50) 0.877
Transplantation before 2010, n 32 13 0.39
Dialysis before transplantation, n 40 14 1.00
Delayed graft function, n 7 8 0.006
Live donor, n 24 8 1.00
Retransplantation, n 7 2 1.00
Diabetes mellitus, n 7 4 0.439
Hemoglobin, g/dL 9.75 (6.9-13.8) 9.7 (6.9-14.7) 0.161
White blood cell, pL 9500 (8-21 000) 7200 (400-25 000) 0.083
C-reactive protein, pL 1.5 (0-37) 2.6 (0-61) 0.556
ESR, mm/h 24.5(0-112) 37 (0-135) 0.199
Procalcitonin, ng/mL 0 (0-66) 3.2 (0-92.3) 0.01
BUN, mg/dL 34 (13.8-122) 65.5 (18-139) 0.005
Creatinine, mg/dL 1.9 (0.7-12.8) 2.8 (0.6-7.8) 0.484
BSI episode count >1 7 /42 5/14 0.151
Time to first BSI (months) 35(0.13-284) 124 (3-274) 0.001
Reoperation presence, n 3 1 1.0
Double-J stent presence, n 14 S 0.53
Drainage catheter presence, n 3 1.00
Urinary catheter presence, n 5 5 1.00
Central venous catheter, n 16 8 0.35
Prophylactic antibiotic, n 10 0 0.052
Resistant microorganism, n 13 6 0.518
Presence of rejection, n 15 9 0.119

BSI: Bloodstream infection; BUN: Blood urea nitrogen; ESR: Erythrocyte sedimentation rate; RTR: Renal transplant recipient

longer in patients who died than the patients who survived from
BSI (median: 124 months, 35 months, respectively, p=0.001). A
statistical comparison of the mortality rate during a BSI episode be-
tween patients who had transplantation before and after 2010 was
not performed due to small number of cases after 2010. [13/45
(28.8%) before 2010 vs. 1/11 (9.1%) after 2010].

The age of the patient at the time of transplantation and BSI, the
time between transplantation and BSI, and levels of serum procalci-
tonin and blood urea nitrogen (BUN) were found to be significant risk
factors for mortality with BSI patients in univariate analysis (Table 3).

Multivariate logistic regression analysis indicated that delayed graft
function was a significant risk factor for mortality in BSI-RTR pa-
tients (odds ratio [OR]: 16.6, confidence interval [CI]: 1.91-154.7).
Higher serum erythrocyte sedimentation rate, serum procalcitonin,
and serum BUN levels were related to mortality in BSI-RTR pa-
tients (OR: 1.04, 1.08, 1.04, respectively) (Table 4).

Concurrent culture results were evaluated to determine the primary
source of the BSI. The distribution of the primary site of BSI is giv-
en in Figure 1. A UTI occurred in 39 episodes (52.7%) and was the
leading cause of BSI. No infection site was detected in 18 (24.3%)

Intraabdominal
3

Figure 1. Primary site of bloodstream infection in renal
transplant patients

BSI: Bloodstream infection; CVC: Central venous catheter; RTI: Respiratory
tract infection; UTI: Urinary tract infection. Other: 2 instances of neutropenia,
1 instance of cellulitis
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Table 4. Results of multivariate logistic regression analysis: risk factors
for BSI mortality

P Standardized CI95% CI95%
coefficients lower upper
bound bound
Delayed graft function 0.013 16.64 1.791 154.735
ESR 0.014 1.07 1.009 1.085
Procalcitonin 0.011 1.08 1.018 1.150
BUN 0.054 1.04 0.999 1.087

CI: Confidence interval; BUN: Blood urea nitrogen; ESR: Erythrocyte sedimentation rate

episodes, which were considered a primary BSI. Pneumonia, acute
pharyngitis, intra-abdominal abscess, febrile neutropenia, and cel-
lulitis were other sources of BSI (Fig. 1).

The causative microorganisms of BSI are provided in Table 5 and
Table 6. Throughout the study period, Gram-negative bacilli were
the most frequently isolated pathogens in blood cultures (54/76,
71%), and the majority (44/54, 81%) were members of the Entero-
bacteriaceae family. ESBL production was positive in 16 (36.3%)
of 44 GNEB cases, and the rate of quinolone and trimethoprim-sul-
famethoxazole resistance was 15/44 (34%) and 22/44 (50%), re-
spectively. The distribution of ESBL among GNEB cases did not
significantly differ between 2000-2016 (p=0.30). Mortality was
not significantly different between ESBL-positive (3/16) and ES-
BL-negative (3/28) BSI episodes (p=0.56).

While all GNEB were susceptible to carbapenems and amikacin,
in 6 (14%) instances they were resistant to gentamicin. Three of
4 Pseudomonas isolate instances were P aeruginosa, and 1 was
classified as MDR. There were 3 Acinetobacter spp. observed, and
1 was considered XDR. Among all of the Gram-negative bacteria,
22 (40.7%) were classified as MDR.

The review of blood culture results revealed 51 CoNS isolates, but
only 5 (all methicillin-resistant) were considered to be responsible
for a BSI according to the criteria defined in the methods section.
There was only 1 methicillin-resistant strain among 8 Staphylococ-
cus aureus (S. aureus) isolates. Both of the Enterococcus faecium
strains were resistant to ampicillin, while Enterococcus faecalis
(n=2) isolates were susceptible, as expected. There was no evi-
dence of vancomycin resistance in the Enterococcus spp.

E. coli isolates were highly resistant to amoxicillin-clavulanate
(CAM) (73.3%) and 53.3% were resistant to TMP-SMX. Fluo-
roquinolone resistance was present in 40% of E. coli and 27.2%
of Klebsiella isolates. Amikacin resistance was not observed in E.
coli or Klebsiella isolates (Table 6). Carbapenem resistance was
also not seen in those isolates.

We found that 8% of all RTRs had at least 1 BSI episode. There
were 1.32 episodes per patient over a 15-year period in our uni-
versity hospital. One-third of BSI episodes were within the first
year after the transplantation. The overall in-hospital mortality in
BSI episodes was 25%. Gram-negative microorganisms were seen
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Table 5. Microorganisms isolated in renal transplant recipients during
bloodstream infection episodes

Microorganisms n %
Enteric: Gram-negative bacteria 44 57.8
Escherichia coli, total 30 39.4
Klebsiella spp., total 11 14.4
Other* 3 3.9
Non-fermentative: Gram-negative bacteria 10 13.2
Pseudomonas aeroginosa 53
Acinetobacter spp. 3 3.9
Other# 3 3.9
Gram-positive bacteria 22 29
Staphylococcus aureus 8 10.5
Coagulase-negative staphylococci 5 6.5
Streptococcus species 5 6.5
Enterococcus species 4 5.2
Total 76 100

*: 2 Enterobacter cloacae, 1 Serratia marcescens; #: 2 Sphingomonas paucimobilis, 1
Stenotrophomonas maltophilia

Table 6. Antibiotic resistance of E. coli and Klebsiella spp. in BSI episodes
in RTR patients

Resistance in
Escherichia coli, Klebsiella spp,
Total number=30 Total number=11

Resistance in

n (%)

Amoxicillin-clavulonate 22(73.3) 7 (63.6)
Trimethoprim sulfamethoxazole 16 (53.3) 4 (36.3)
Floroquinolones 12 (40) 3(27.2)
Aminoglycosides

Amikacin 0 (0) 0(0)

Gentamycin 3(10) 3(27.2)
ESBL-positive 10 (33.3) 6 (54.5)

BSI: Bloodstream infection; ESBL: Extended-spectrum B-lactamase; RTR: Renal
transplant recipient

in 71% of the episodes. E. coli was the leading cause of BSI, and
ESBL was the major resistance problem among Enterobacteriace-
ae. The time from transplantation to BSI was significantly greater
in patients who died than in those who survived (p=0.001). We
found that delayed graft function was a predictive factor for mor-
tality in RTRs who had a BSI.

Solid-organ transplantation can be a life-saving treatment for pa-
tients with organ failure, especially those with end-stage renal or
liver disease. RT has been performed successfully for decades and
provides improved quality of life and survival for thousands of pa-
tients with end-stage renal disease. There is, however, a consider-
able risk of infection, mostly due to the lifelong immunosuppressive
treatment. BSIs are an important source of mortality in RTRs (1-6).
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In this study, the findings of a BSI frequency of 8% among all RTRs
and a BSI episode per patient rate of 1.32 were consistent with the
literature. Siritip et al. (5) reported a BSI episode rate of 15.2% in
171 kidney transplant patients. A study of a cohort using data from
the Spanish Network of Infection in Transplantation (RESITRA)
noted a BSI incidence in RTRs of 7.2% and a BSI episode per pa-
tient rate of 1.2 (9). Shendi et al. (15) reported a BSI episode per
patient rate of 1.33 in RTRs.

More than one-fifth of the BSI episodes occurred in the first month
after transplantation, and nearly half were within 5 years of renal
transplantation in our study group. In the Spanish cohort, near-
ly 60% of BSIs were in the first month after transplantation (9).
Whereas Shendi et al. (15) reported that 55.2% of BSI episodes in
RTRs were late-onset. Silva et al. (16) found that 62.2% of BSIs in
RTRs occurred within 6 months of transplantation. This difference
may be explained by the inclusion of some older RTRs who had
undergone transplantation at another clinic and for whom we did
not have information regarding the early transplantation period.
Also, close monitoring in the early transplantation period, more at-
tention to infection control measures, and prolonged antibacterial
prophylaxis with TMP-SMX may have contributed to the lower rate
of early-onset BSI in our study population. Prolonged immunosup-
pression over time may be another factor for late-onset BSI. In
addition, 6 of our patients with BSI developed a malignancy, which
can be associated with more severe immunosuppression.

We found that the overall in-hospital mortality of RTRs with BSI
was 25%. The reported mortality rate due to a BSI varies between
8% and 25% in the literature (6, 9, 15, 16). This wide range may
due to the design of the studies, the patient populations enrolled,
and conditions at the centers where studies were conducted.

In our study population, we found that delayed graft function result-
ed in a nearly 16 times increased mortality risk among RTRs with a
BSI. Silva et al. (16) reported that an Acute Physiology and Chron-
ic Health Evaluation (APACHE) II score of =20, presence of shock
at the time of diagnosis, and respiratory failure were independent
risk factors for RTR-BSI mortality. Rojas et al. (17) demonstrat-
ed that a high Charlson comorbidity index score and persistent
BSI were independent risk factors for mortality. In a Greek study,
diabetes mellitus, septic shock, and P aeruginosa infection were
determined to be independent risk factors for poor outcomes of
Gram-negative BSI episodes in RTRs (6).

As seen in the literature, the urinary tract was the most common
source of BSI in RTRs, followed by respiratory tract infections, and
central venous catheter-related infections. Shendi et al. (15) docu-
mented that more than half of the BSI episodes were due to a UTL
Silva et al. (16) reported that 37.8% of BSI in RTRs were due to a
UTI and 18.4% were central venous catheter-related. Tsikala-Va-
fea et al. (6) reported that 70.9% of 195 Gram-negative BSI epi-
sodes in RTRs were secondary to a UTI. Preventing UTI infection,
early recognition, and treatment of UTIs can prevent most BSI epi-
sodes in RTRs. Preventive strategies include infection control mea-
sures, shortening the duration of indwelling urinary catheters, and
if present, ureteral stents. In our center, we have used a 6-month
post-transplantation prophylactic antibiotic regimen since 2010.

Gram-negative microorganisms were seen in 71% of BSI episodes
in RTRs. E. coli was the leading cause, and ESBL was the major
resistance problem among Enterobacteriaceae (10/30 for E. coli;
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6/11 for Klebsiella). Shendi et al. (15) reported ESBL in 12.7%
of E. coli and 29.2% in Klebsiella spp.-associated BSI. In the RE-
SITRA cohort, E. coli (30%), P aeruginosa (14%), Klebsiella spp.
(5%), Enterobacter spp. (4%), and Acinetobacter baumannii (3%)
were the most common pathogens (9). Gram-positive bacteria
were responsible for 30% of the BSI episodes: CoNS were the
most frequently seen microorganisms, followed by Enterococcus
spp. in 5% and S. aureus in 3% of the patients in the same study
(9). The results of the Greek study indicated that E. coli was respon-
sible for 63.7% of all Gram-negative BSI episodes in RTRs (6).

Among E. coli and Klebsiella isolates, no carbapenem resistance
was seen in our study, and aminoglycoside resistance was extreme-
ly low. In the RESITRA study, third-generation cephalosporin-re-
sistant enteric bacilli were responsible for 15.4% of BSIs in solid
organ recipients (9). Shendi et al. (15) reported a 53.9% susceptibil-
ity to CAM, 47.2% to TMP-SMX, 97% to amikacin, and 66.7% to
ciprofloxacin among community-acquired infections. Carbapenem
resistance was not observed in their E. coli isolates. In the Greek
study, 11.4% of Enterobacteriaceae infections were ESBL-positive
and 5.42% were carbapenem-resistant (6).

The age of the patients at the time of the BSI episode was found
to be related to mortality in univariate analysis. The median age at
the time of a BSI was 43 years in our patient group. Hemmers-
bach-Miller et al. (18) compared RTR patients aged 40-60 years
and >60 years of age for infection outcomes in the first year after
transplantation and did not find any significant statistical difference.

One of the limitations of our study is the retrospective design; we
did not have access to detailed information regarding the risk factors
for BSI. Also, the inclusion of RTR-BSI patients who had undergone
transplantation much earlier and outside of our clinic or country, our
knowledge of the early post-transplantation period was minimal.
However, these limitations had no direct effect on our results. We
did not aim to identify the risk factors for BSI occurrence or protec-
tive factors or to analyze the outcomes of transplantation or surgery.

This is the first study to identify the BSI frequency, etiologic organ-
isms, and resistance patterns among RTRs at our center, which
has been a referral hospital for RT for many years and implements
high-quality infection-control measures. Despite the emergence of
highly resistant microorganisms all over the world, we had lower
rates of MDR organisms in RTR-BSI patients.

The RTR patients who developed a BSI had a high mortality rate,
and Gram-negative enteric bacteria were the most frequent micro-
organisms causing the infection. Special consideration should be
given to RTRs with a BSI who require hemodialysis and those with
higher serum procalcitonin, erythrocyte sedimentation rate, and
BUN values due to a greater risk of mortality. Increasing resistance
to pathogens will be a major problem for immunosuppressive pa-
tient groups. Prompt diagnosis and initiation of appropriate anti-
bacterial therapies are important to saving renal grafts and saving
lives. In order to develop treatment protocols, centers must know
the microorganism distribution and resistance patterns. Further re-
search is needed to evaluate the risk factors and mortality factors
for BSI in RTR patients in the presence of changing treatment
regimens and resistance factors.
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