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Objective: The aim of this study was to evaluate the efficacy of single-dose perioperative antimicrobial
therapy as infection prophylaxis in recipients of living-donor renal transplants in the rituximab era.
Patients and methods: Between 2009 and 2017, 84 recipients underwent living-donor renal trans-
plantation (LDRT) at Okayama University Hospital; 3 with vascular/urinary complications requiring
additional surgery were excluded from this analysis. Data including recipient characteristics, antimi-
crobial prophylaxis and administration of rituximab were retrospectively examined for an association
with perioperative infections. Prophylactic antimicrobial agents, selected according to the Results of
preoperative urine cultures, were administered just before incision. Perioperative infections, which
consisted of surgical site infections, remote infections, and urinary tract infections, were defined as a
positive culture indicating required administration of additional antimicrobial agents.
Results: Among the 81 recipients, prophylactic cefazolin, ampicillin/sulbactam, and others were admin-
istered to 66 (82%), 13 (16%), and 2 (3%) recipients, respectively. Twenty-one (26%) received single-dose
antimicrobial prophylaxis, while 60 (74%) received multiple doses up to 7 days. Rituximab was used in
59 (72.8%) recipients. The incidence of urinary tract infection, surgical site infection and remote infection
was 13 (16%), 1 (1%), and 0, respectively. Univariate analysis could not demonstrate any significant risk
factors for postoperative urinary tract infections, including a single dose vsmultiple doses of antimicrobial
therapy (P ¼ 0.069) and administration of rituximab (P ¼ 0.717).
Conclusions: Our data suggest that the use of single-dose perioperative antimicrobial therapy is
acceptable for prophylaxis of infections in patients undergoing LDRT, even in the rituximab era.

© 2018 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
1. Introduction

Renal transplantation is performed worldwide as a radical
therapy for end-stage renal failure. Over 1600 recipients per year
undergo renal transplantation in Japan [1]. Graft function and
outcomes have improved with developments in the procedure
itself, with the use of immunosuppressants, and with improve-
ments in the management of rejection and infection [2e5]. Man-
agement of posttransplant infections involves mainly viruses
kata-cho, Kita-ku, Okayama,

d The Japanese Association for Infectio
(e.g., cytomegalovirus, BK virus) and fungi (e.g., pneumocystis
pneumonia); however, postoperative management of bacterial
infection is also important, as quite a few reports have documented
this complication.

Renal transplantation is an open, clean-contaminated surgery
that involves opening the urinary tract. In addition to having the
potential for underlying complications, such as diabetes, renal
failure, old age, urinary catheterization and long hospitalization,
patients receive several kinds of immunosuppressants (e.g., tacro-
limus, mycophenolatemofetil, andmethylprednisolone) before and
after surgery. Therefore, living-donor renal transplant recipients
are at high risk for perioperative bacterial infections [6,7]. However,
there have been few studies on perioperative bacterial infections in
recipients of renal transplants. Guidelines published by the Amer-
ican Society of Health-System Pharmacists (ASHP) [8] and the
us Diseases. Published by Elsevier Ltd. All rights reserved.
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European Association of Urology (EAU) [9], have recommended
regimens for perioperative antimicrobial prophylaxis. In Japan, a
previous version of the Japanese guidelines published in 2007 [10]
did not include antimicrobial prophylaxis for renal transplantation.
However, the “Essential Japanese Guidelines for the Prevention of
Perioperative Infections in the Urological Field: 2015 Edition” [11]
published in 2016 recommended standard antimicrobial prophy-
laxis for renal transplantation for the first time in Asia.

Rituximab is a chimeric monoclonal antibody targeted against
the pan-B-cell marker CD20 that leads to B cell depletion. Ritux-
imab was approved by the Japanese National Health Insurance
System in February 2016 for ABO blood type-incompatible renal
transplantation. Approximately 30% of renal transplantation in
Japan is ABO blood type-incompatible. Rituximab is also used for
high-risk renal transplantation, including donor-specific antibody
(DSA)-positive cases and ABO minor mismatch cases in some in-
stitutions in Japan. According to some studies from foreign coun-
tries, it has been controversial whether administration of rituximab
is a risk of bacterial infection or not for renal transplant recipients
[12e14]. Thus, new evidence from Japan is required to update the
current guidelines.

The aim of this retrospective study was to evaluate the risk of
perioperative infection in recipients who underwent living-donor
renal transplantation (LDRT) in the rituximab era.

2. Patients and Methods

2.1. Patients (recipients)

Individuals who underwent LDRT at Okayama University Hos-
pital between 2009 and 2017 were enrolled in this study. Three
recipients with postoperative vascular/urinary complications
were excluded because they required additional surgery and were
considered inappropriate for prophylactic antimicrobial therapy
efficacy evaluation (Fig. 1). We retrospectively collected data on
recipient characteristics, manner of antimicrobial prophylaxis,
administration of rituximab, and incidence of perioperative
infections from patient medical records.

2.2. Perioperative infection

Perioperative infections consisted of surgical-site infections
(SSI), remote infections (RI), and urinary tract infections (UTI) that
occurred within 1 month post LDRT. Perioperative infection was
defined as a positive culture indicating required administration of
additional antimicrobial agents for the treatment of perioperative
infection; prophylactic antimicrobial agents administered for renal
biopsy or removal of ureteral stents were not included. A positive
culture meant bacterial isolation from the drainage fluid collected
Total LDRT recipients between 2009 and 2017
n=84

LDRT recipients enrolled in the present study
n=81

Vascular complications n=1
Urinary complications n=2

Fig. 1. Recipient flow in the present study.
from a retroperitoneal or subcutaneous drain or from the tips of the
drain for SSI; bacterial isolation from specimens including sputa,
stool, blood or from the tips of the intravascular catheter for RI;
bacteriuria (bacteria �1.0 � 104 colony-forming units/mL) and
presence of pyuria (white blood-cell count � 5/high-power fields)
for UTI. A positive culture of a specimen from a patient requiring no
additional antimicrobial administration (colonization) was not
counted as a perioperative infection in this study.

2.3. Immunosuppressive therapy regimens

Fig. 2 shows the immunosuppressive therapy (IST) regimens
employed. All recipients were administered tacrolimus, mycophe-
nolate mofetil (MMF), prednisolone, and basiliximab before surgery
on postoperative day (POD) 0 and again on POD 4. For recipients
with ABO identical blood types and ABO minor mismatch, IST was
started 4 days before LDRT; it was started 2 weeks before LDRT for
recipients with incompatible blood types. Double filtration
plasmapheresis (DFPP) and plasma exchange (PE) were performed
within theweek prior to LDRT in recipients with incompatible blood
types. The same protocol used for incompatible blood types was
used for recipients with focal segmental glomerulosclerosis (FSGS).
Immunosuppressants were administered 4e6 weeks before LDRT in
recipients with DSAs; these recipients also underwent DFPP and PE
to reduce the level of DSAs. Rituximab 200 mg/body was adminis-
tered to all recipients, except those with identical blood types
without DSAs and without FSGS, 7e14 days before LDRT.

2.4. Standard procedures of LDRT

After hair was removed with surgical clippers and an indwelling
16 Fr urethral catheter (All Silicone Nephrostomy Balloon Catheters;
Create Medic Co. Ltd, Yokohama, Japan) was placed, the skin was
prepared with povidone-iodine, and a Gibson incisionwas made via
a retroperitoneal approach. The lymphatic vessels around the perti-
nent blood vessels were ligated. End-to-side anastomoses of the
renal vessels to the external iliac vein and artery and ureterovesical
anastomoses were made with the Lich-Gregoir technique. All re-
cipients were given 5 Fr 10 cm double-J ureteral stents (Polaris™
Ultra ureteral stent; Boston Scientific, Natick, MA) and retroperito-
neal drains (Pleats Drainage Tube 8 mm in outside diameter;
MD-45108, Sumitomo Bakelite, Tokyo, Japan). Wounds were closed
with interrupted sutures for the fascia and subcutaneous fat andwith
running subcuticular absorbable sutures for the skin. Subcutaneous
drains (Blake; Ethicon Inc., Somerville, NJ) were placed in recipients
with at least 2 cm of subcutaneous fat; these were removed when
drainage decreased to less than 10mL per day. Urethral catheters and
ureteral stents were removed within 2 weeks after LDRT.

2.5. Bacteriological examination and prophylactic antimicrobial
agents

Urine cultures were obtained from all recipients before LDRT,
except for recipients with anuria. Those with negative urine cul-
tures were administered prophylactic ampicillin/sulbactam 750mg
or cephazolin 500 mg once daily without additional administration
intraoperatively. For recipients with a positive urine culture, pro-
phylactic antimicrobials were selected according to the Results
of the culture and susceptibility testing. These medications
were administered over the same timeframe as for recipients with
negative urine cultures. Weekly urine cultures were performed
after LDRT, and the tips of the retroperitoneal and subcutaneous
drains and intravascular catheters were cultured at removal. At
endoscopic ureteral-stent removal, a single dose of a prophylactic
antimicrobial agent (e.g., levofloxacin, 250 mg or 500 mg, or other
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Fig. 2. Immunosuppressive therapy for ABO incompatible and/or donor-specific antibody positive living-donor renal transplant recipients. aDouble filtration plasmapheresis/
plasma exchange is eliminated for ABO compatible recipients. bRituximab is eliminated for ABO identical recipients. Tacrolimus (Tac), mycophenolate mofetil (MMF) and meth-
ylprednisolone (MP) are started on day-4 for ABO compatible recipients.
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antimicrobial agent according to the results of postoperative urine
culture) was administered.

2.6. Statistical methods and analyses

Data were analysed via logistic regression analysis with JMP®

Pro software, version 11.0.0 (SAS Institute, Inc., Cary, NC), with 5%
set as the significance level.

2.7. Ethics

This retrospective study was approved by the Ethics Committee
of Okayama University Hospital (registration no. 1507-003).

3. Results

3.1. Recipient characteristics

The recipient characteristics and preoperative conditions are
summarized in Table 1. Diabetic nephropathy, also known to be a
risk factor for SSI, was present in 16 recipients (20%). Rituximabwas
administered to 59 (73%) recipients, and a positive preoperative
urine culture was observed in 11 recipients (14%).

3.2. Antimicrobial prophylaxis and results of the procedure

Table 2 shows the prophylactic antimicrobial agents adminis-
tered and the details of the procedure. Positive urine culture before
LDRT was observed in 11 recipients, whereas there was no recipient
with symptomatic UTI. Thus, most recipients were given ampicillin/
sulbactam or cefazolin.

Although urethral catheters and retroperitoneal drains were
placed in all recipients, a subcutaneous drain was indicated in
27 recipients (33%). The median durations of urethral catheter,
retroperitoneal drain, and subcutaneous drain placement were 7,
5, and 6 days, respectively. Adverse events excluding perioperative
infection were 3 (4%) acute rejections and 3 (4%) lymphoceles
within 1 month of surgery.

3.3. Perioperative infections and outcomes

A total of 14 recipients (17%) were given additional antimicrobial
therapy for bacterial infections: 1 recipient with SSI and 13 with
UTI. The profiles of pathogens of perioperative infections collected
from the drain tip or urine samples are shown in Table 3. Positive
cultures indicating SSI were observed in 20 recipients (25%), and 22
bacterial strains, mainly Gram-positive cocci (18 strains, 82%), were
isolated. Positive culture of the intravascular catheter tip was found
in 6 recipients; however, they did not receive any additional anti-
microbial therapy. Regarding UTI, 36 strains including 28 (78%)
Gram-negative bacterial strains were isolated from 33 recipients.
Additional antimicrobial agents for UTI treatment were adminis-
tered to 13 (16%) recipients, and all of them recovered with addi-
tional antimicrobial therapy and removal of indwelling catheters
including ureteral stents.

3.4. Statistical analyses

Table 4 shows the Results of univariate analysis to evaluate
multiple perioperative risk factors of UTI. None demonstrated
significance, including shorter single-dose antimicrobial prophy-
laxis and administration of rituximab.

4. Discussion

In the present study, UTI, SSI and RI were observed in 13 (16%), 1
(1%), and 0 recipients of living-donor renal transplants, respec-
tively. Neither single-dose antimicrobial prophylaxis nor adminis-
tration of rituximab was a significant risk factor for postoperative
UTI.

Renal transplantation is an open, clean-contaminated surgery
that involves opening the urinary tract. As shown in Table 5, SSI, RI,
and UTI rates of renal transplant recipients have been reported as,
at most, 14%, 2%, and 34%, respectively, although RI seems to be
underreported, since data are missing in many reports [7,17e22]. In
addition to their use in renal failure, several kinds of immunosup-
pressants are given to renal transplant recipients before surgery,
which places these recipients at high risk for perioperative infec-
tion. Therefore, before the publication of the Japanese guidelines
(March 2016) [11], we administered first-generation cephalospo-
rins or penicillins with a beta-lactamase inhibitor (BLI) as antibiotic
prophylaxis until 72 h (POD 3) or more after clean-contaminated
surgeries, including LDRT, while single-dose prophylaxis has been
given in our institution since June 2016, after the publication of the
Japanese guidelines. We found no significant risk factors for post-
operative UTI, even though recipient age, BMI, ASA physical status



Table 1
Patient characteristics.

N 81
Median age (IQR)a 43 (31e57)
Median BMIb, kg/m2 (IQR) 21.6 (18.9e24.1)
Median duration of dialysis before LDRTc

(n ¼ 57), year (IQR)
1.8 (0.9e4.2)

Pre-LDRT s-albumin,d g/dL (IQR) 3.9 (3.6e4.1)
Sex, n (%)
male 55 (68)
female 26 (32)

ASAe physical status classification, n (%)
2 3 (4)
3 75 (93)
4 3 (4)

Diabetic nephropathy, n (%) 16 (20)
ABO-incompatible, n (%) 32 (40)
Donor-specific antigen, n (%) 17 (21)
Plasmapheresis before LDRT, n (%) 51 (63)
Administration of rituximab, n (%) 59 (73)
Pre-emptive renal transplantation, n (%) 27 (33)
Positive urine culture before surgery, n (%) 11 (14)

a IQR: interquartile range.
b BMI: Body mass index.
c LDRT: living-donor renal transplantation.
d s-albumin: serum-albumin.
e ASA: American Society of Anesthesiologists.
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classification, diabetes mellitus, and decreased serum albumin
level were reported to be significant risk factors for perioperative
infection [8,9]. Although many study had demonstrated that sple-
nectomy was a significant risk of bacterial infections [15,16], rit-
uximab has been controversial. Trivin et al. and Schrezenmeier
et al. reported that administration of rituximabwas postoperatively
a risk of bacterial infections [12,13], whereas Kamar et al.
mentioned that the incidence of bacterial infections was similar
between rituximab patients and non-rituximab patients [14]. In the
present study, incidence of SSI and RI were too low to evaluate the
risk of rituximab, and rituximab was not significant risk of UTI.

In the 14 transplant recipients who were given additional
antimicrobial agents (1 with SSI and 13 with UTI), the antimicrobial
agents were administered according to the Results of drug-
susceptibility testing. The 13 recipients with UTI had pyelonephri-
tis of the transplanted kidney; no evidence of other febrile UTI, such
as epididymitis or prostatitis, was observed. The reasons for the
higher UTI rate in the present study include a possible vesicoure-
teral reflux due to ureteral stenting, longer duration of urethral
Table 2
Details and procedures of antimicrobial prophylaxis.

N 81
Type of prophylactic antimicrobials, cases (%)
Ampicillin/sulbactam 13 (16)
Cefazolin 66 (82)
Cefotiam 1 (1)
Cefmetazole 1 (1)

Duration of prophylactic antimicrobials, cases (%)
Single-dose 21 (26)
Within 72 hours (up to PODa 2) 38 (47)
More than 72 hours 22 (27)

Median Operative time, min (IQR)b 511 (445�593)
Median EBL,c mL (IQR) 150 (70�233)
With pelvic drain, cases (%) 81 (100)
Median duration of placement, days (IQR) 5 (4�8.5)

Urethral catheter, cases (%) 81 (100)
Median duration of placement, days (IQR) 7 (7e11)

Subcutaneous drain placement, cases (%) 27 (33)
Median duration of placement, days (IQR) 6 (4e8)

a POD: postoperative day.
b IQR: interquartile range.
c EBL: estimated blood loss.
catheterization [23], and no additional administration of prophy-
lactic antimicrobials intraoperatively. Regarding the outcome of
perioperative infections, 1 recipient with SSI and all recipients with
UTI were treated with additional antimicrobial agents and removal
of indwelling catheters, and the results of repeat cultures were
negative.

Recently, a shorter duration of antimicrobial prophylaxis has
been recommended for non-transplant urological surgery. Guide-
lines regarding urological surgeries published by the American
Urological Association [24] and EAU [25] recommend a single dose
preoperatively or within 24 h postoperatively, e.g., trimethoprim
and sulfamethoxazole, first- or second-generation cephalosporin,
or penicillin with BLI for clean-contaminated surgery. Also in the
JUA guidelines published in 2016 [11], first- or second-generation
cephalosporins or penicillins including BLI are recommended
within 24 h (POD 0) after non-transplant surgery. Several recom-
mendations for antimicrobial prophylaxis for renal transplantation
have been reported; antimicrobial prophylaxis only in select cir-
cumstances, such as in a recipient >65 years of age or with a BMI
over 35 kg/m2 [18] and reduction to a single dose in recipients
without known risk factors for SSI [19]. In the EAU guidelines,
single-dose prophylaxis, such as with cefazolin, is the recom-
mended regimen for renal transplant recipients [9], since there was
no significant difference in the incidence of SSI or UTI between the
single-dose group and the twice-daily for 3e5-days group in a
randomized control trial reported in 2015 [22]. Also, in the ASHP
guidelines, a single-agent regimen, such as with cefazolin or cef-
triaxone, is recommended within 24 h postoperatively. In the
newer JUA guidelines, antimicrobial prophylaxis for renal trans-
plantation is recommended as first- or second-generation cepha-
losporins or penicillins with BLI, and the duration is single-dose or
within 72 h (POD 2) after the procedure [11]. According to our data,
single-dose prophylaxis was not a risk factor for UTI (P ¼ 0.069),
and further analysis comparing the single-dose group (n ¼ 21) to a
72-h group (n ¼ 39) (not shown in Table 4) demonstrated no sig-
nificant difference (P ¼ 0.374). Our data suggest that single-dose
prophylaxis does not increase the risk of perioperative infections,
and this approach should help to reduce the cost of treatment and
the selection for drug-resistant bacteria.

This study had some limitations. First, it was a retrospective,
non-randomized study carried out at a single institution, and it
had a limited sample size. Since larger number of recipients might
detect differences between single-dose and multiple-dose antimi-
crobial prophylaxis, we are planning to carry out a prospective
investigationwith a larger sample size. Second, a slightly higher UTI
rate was observed in this study compared with that in non-
transplant clean-contaminated surgery. Further investigation,
such as the effect of additional intraoperative prophylaxis and the
effect of different durations of stent and urethral catheter usage
might be considered.

Despite these limitations, the present study provided new in-
formation in a new era using rituximab-rich protocols. It also
demonstrated that single-dose antimicrobial prophylaxis does not
increase the risk of perioperative infections, even in the rituximab
Table 3
Profiles of pathogens postoperatively isolated.

Number of isolates

Retroperitoneal/subcutaneous drains
Enterococcus faecium 1

Urine samples
Escherichia coli 9
Proteus mirabilis 2
CNSa 2

a CNS: Coaglase-negative staphyococci.



Table 4
Statistical analysis of risk factors for febrile urinary tract infection.

N UTI (�) UTI (þ) Univariate analysis

68 13 P

Median age (IQR) 43 (30e58) 43 (36e58.5) 0.781
Median BMI, kg/m2 (IRQ) 21.4 (18.9e23.8) 23.1 (19.0e26.0) 0.238
Median duration of dialysis before LDRT (n ¼ 54) , years (IQR) 1.5 (0.8e4.6) 2.4 (0.9e3.0) 0.316
Median pre-LDRT s-albumin, mg/dL (IQR) 3.9 (3.6e4.1) 3.8 (3.6e4.1) 0.818
Median operative time, min (IQR) 512 (454e599) 445 (383e547) 0.099
Median estimated blood loss, mL (IQR) 160 (73e250) 110 (55e183) 0.185
Median duration of pelvic drain placement, days (IQR) 5 (4e9) 4 (3e9) 0.538
Median duration of urethral catheter placement, days (IQR) 7 (7e10) 10 (7e15) 0.178
Median duration of subcutaneous drain placement (n ¼ 26), days (IQR) 6 (5e8) 3 (3e3) 0.119
Sex, n (%) 0.159
male 44 (54) 11 (14)
female 24 (30) 2 (3)

ASA risk, n (%) 0.538
2 3 (4) 0 (0)
3 63 (78) 12 (15)
4 2 (3) 1 (1)

Diabetic nephropathy, n (%) 14 (17) 2 (3) 0.666
ABO incompatible LDRT, n (%) 26 (32) 6 (7) 0.593
Donor specific antibody, n (%) 13 (16) 3 (4) 0.345
Plasmapheresis before LDRT, n (%) 41 (51) 0.255
Administration of rituximab, n (%) 49 (61) 10 (12) 0.718
Pre-emptive renal transplantation, n (%) 24 (30) 3 (4) 0.392
Positive urine culture before LDRT, n (%) 9 (11) 2 (3) 0.831
Type of antimicrobials (n ¼ 79) 0.351
Cefazolin, n (%) 54 (68) 12 (15)
Ampicillin/sulbactam, n (%) 12 (15) 1 (1)

Duration of prophylactic antimicrobials, n (%) 0.069
�24 h 15 (19) 6 (7)
>24 h 53 (65) 7 (9)

Table 5
Summary of previously reported perioperative infections in renal transplant recipients.

Year Authors Classification of operation N Duration of prophylactic antimicrobials SSI (%) RI (%) UTI (%)

1998 Rabkin et al. [17] Renal transplantation 100 Single-dose e e 14
2012 Laftavi et al. [18] Renal transplantation 442 None 2 e e

2013 Wszoła et al. [19] DDb renal transplantation 262 e 7 e e

2014 Capocasale et al. [20] Renal transplantation 1000 Single-dose or 48 h 2 e 9
2015 Freire et al. [21] Renal transplantation 819 24e48 h 13 e e

2015 Orlando et al. [22] Renal transplantation 103 Single-dose 2 e 2
102 twice-daily for 3e5 days 1 e 2

2015 Adamska et al. [7] Renal transplantation 120 <24 h 14 2 34
2017 Nishimura et al.a Renal transplantation 75 Single-dose or >24 h 1 0 16

a The present study.
b DD: deceased-donor.
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era. This information will contribute to the next version of the
guidelines.

In conclusion, a shorter duration of prophylactic antimicrobial
therapy did not increase the risk of perioperative infection in LDRT
recipients given rituximab. Further evidence acquired from larger,
prospective studies is necessary for the determination of appro-
priate, standard antimicrobial prophylaxis in LDRT recipients.
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