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ABSTRACT

Background. BK virus allograft nephropathy (BKVAN) is a graft-threatening
complication after kidney transplantation. Current consensus regarding the prevention of
BKVAN is to screen for BK viremia and to treat sustained BK viremia through reducing
immunosuppression. This study assessed the effect of conversion from mycophenolates
to mizoribine (MZR) on the prevention of BK viremia in kidney transplant recipients.
Methods. De novo kidney transplant recipients were screened for BK viruria. Sustained
high levels of BK viruria (>107 copies/mL) were treated by switching from mycophenolates
to MZR. The reduction and clearance of BK viruria and viremia were evaluated.
Results. Fifty kidney transplant recipients with high levels BK viruria were enrolled,
including 11 recipients with BK viremia. After 6 months of MZR therapy, only 3 recipients
still had high levels of BK viruria. The clearance rate of BK viremia was 100%. One
episode of acute rejection occurred (2.0%) and was reversed by steroid administration. The
serum uric acid level of the recipients was similar before and after switching to MZR, but
the proportion of recipients receiving uric acidereducing drugs increased significantly after
3 months of MZR therapy (19/50 vs 31/50; P ¼ .02). No new cases of BK viremia were
observed after conversion to MZR.
Conclusion. Conversion from mycophenolates to MZR in kidney transplant recipients
with sustained high levels of BK viruria was associated with reduction of BK viruria and
clearance of BK viremia. This may be an effective approach to prevent BK viremia and
BKVAN.
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BK VIRUS (BKV) allograft nephropathy (BKVAN) is a
graft-threatening complication after kidney trans-

plantation [1]. Reactivation of the BKV in the transplanted
kidney can lead to BKVAN in up to 10% of kidney trans-
plant recipients [2]. The BKV may reactivate under intense
immunosuppressive conditions after kidney transplantation
and produce progressive disease through 3 stages: viruria,
viremia, and BKVAN. Sustained viremia has been reported
to correlate with BKVAN, and once BKVAN develops,
graft loss has been estimated to occur in 50% of transplant
recipients [3,4]. The current consensus regarding prevention
of BKVAN is to screen for BK viremia and to treat sus-
tained BKV plasma loads through reducing immunosup-
pression [1]. However, screening for BK viremia reduces but
does not eliminate the risk of BKVAN [5]. Even with
8
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successful management of BKVAN, the treatment is asso-
ciated with an increased allograft loss rate [6]. Although BK
viremia is more predictive of BKVAN development
compared with BK viruria, several studies have demon-
strated that BK viruria is correlated with BK viremia [7,8]
and allograft dysfunction [9,10]. Therefore, methods to
prevent BK viremia are needed [5]. It has not been
ª 2018 Elsevier Inc. All rights reserved.
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Fig 1. Flow diagram of BKV therapy with mizoribine (MZR).
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determined whether or not pre-emptive treatment of BK
viruria can prevent viremia.
Mizoribine (MZR), an imidazole nucleoside analog

isolated from the mold Eupenicillium brefeldianum, is an
immunosuppressive agent used for kidney transplantation,
autoimmune diseases, and steroid-resistant nephrotic syn-
drome in Japan, China, and South Korea [11e14]. MZR
blocks inosine 5-monophosphate dehydrogenase in the
same manner as mycophenolate. The chemical structure of
MZR is similar to that of ribavirin, a well-known antiviral
agent [15]. It was also reported that MZR can inhibit the
replication of some DNA and RNA viruses, including
cytomegalovirus (CMV), hepatitis C virus, respiratory syn-
cytial virus, bovine viral diarrhea virus, and influenza virus
types A and B [15e19]. In addition, a previous study sug-
gested an inhibitory effect of MZR on BKV [20]. Therefore,
the aim of the current study was to determine the effect of
conversion from mycophenolates to MZR in kidney trans-
plant recipients with high levels of BK viruria for the
prevention of BK viremia.

PATIENTS AND METHODS
Patients and Conversion Protocol

From July 2014 to October 2016, 216 kidney transplants were
performed at our center (Organ Transplant Center, First Affiliated
Hospital of Sun Yat-sen University). Fifty recipients were enrolled
for switching from mycophenolate mofetil (MMF) or mycopheno-
late sodium (MPS) to MZR. Inclusion criteria were �18 years old;
maintenance immunosuppression consisted of tacrolimus, MMF or
MPS, and prednisone; serum creatinine level <150 mmol/L; and
sustained high-level BK viruria (defined as the occurrence of 2 or
more consecutive positive urine samples with BKV DNA > 107

copies/mL). Recipients who experienced an episode of acute
rejection were excluded. The study was approved by our local
institution ethnics committee and was conducted in accordance with
the Declaration of Helsinki. All subjects provided written informed
consent before entering the study.

Conversion Protocol

MMF or MPS was discontinued. The initial dosage of MZR was 5
mg/kg/d (�3 months posttransplant) or 3 mg/kg/d (>3 months
posttransplant), divided into 2 daily doses, with a goal to maintain a
target 12-hour trough level >1000 ng/mL for the first 3 months and
500 to 1000 ng/mL after 3 months.

Baseline Immunosuppressive Regimen

All patients received induction therapy with 3 methylprednisolone
pulses (3 � 500 mg). The majority of the recipients received rabbit
antithymocyte globulin (Thymoglobulin), 1.5 mg/kg/d up to 7 days
(range, 3e7 days). The first dose of rabbit antithymocyte globulin
(Thymoglobulin) was given intraoperatively. Subsequent mainte-
nance immunosuppression consisted of prednisone 20 mg/d with a
taper to 5 mg/d by 1 month posttransplant, MMF 1000 mg twice
daily with a taper to 500 mg twice daily by 3 months, and tacrolimus
to maintain a target 12-hour trough level of 7 to 10 ng/mL for the
first 3 months, 6 to 8 ng/mL for months 3 to 6, and 5 to 7 ng/mL
after 6 months. When the enteric-coated formulation of MPS was
used, the dose was 720 mg twice daily, with a taper to 360 mg twice
daily by 3 months.
BKV Quantitative Measurement and Screening Protocol

Quantification of the urine or serum BKV load was performed by
quantitative PCR (MJ Research, Waltham, Mass, United States)
according to the method we previously described [21,22]. The urine
or serum BKV load was expressed in BKV genome copies/mL of
urine or serum. The lower limit of quantitation was 1000 copies/mL.
High-level viruria was defined as urine BKV DNA > 107 copies/mL,
and high level viremia was defined as plasma BKV DNA > 104

copies/mL [1]. Patients were screened for BKV replication in urine
biweekly for the first 3 months, then monthly until month 12, then
every 3 months until 2 years posttransplant. Monthly plasma testing
for BKV viremia was performed for the first 12 months, then every
3 months until 2 years posttransplant [23].

Measurement of MZR Trough Level

MZR trough level was measured by high-performance liquid
chromatography as we have previously described [24].

Diagnosis of BKVAN

BKVAN was defined by the typical viral cytopathic changes and
confirmed by positive immunohistochemical nuclear staining with
the anti-BKV large T antigen monoclonal antibody as previously
described [25]. Histologic patterns of BKVAN were defined ac-
cording to the consensus conference on BKVAN [1]. Acute rejec-
tion was defined by the Banff criteria [26].

Statistical Analysis

Results were expressed as numerical values and percentages for
categorical variables and as mean (SD) deviation for continuous
variables. Statistical analyses were performed with IBM SPSS
software, version 19.0 (Armonk, NY, United States). Comparisons
were based on the c2 test for categorical data and the t test for
paired continuous data. All statistical analyses were 2-sided. A P
value < .05 was considered statistically significant.

RESULTS
Characteristics of Donors and Patients

As shown in Fig 1, 216 patients were screened for BKV in
urine and serum before study enrollment. Fifty patients
fulfilled the inclusion criteria. The mean (SD) time from
kidney transplantation to enrollment was 3.4 (2.2) months
(range, 1e7 months; median, 3.0 months). Before switching,



Table 1. Donor, Recipient, and Transplantation Data

Recipients (n ¼ 50)
Sex (male/female), n 33/17
Age, mean (SD), y 41.5 (9.7)
Diabetes mellitus, n (%) 6 (12)
Retransplant, n (%) 4 (8)
PRA > 10%, n (%) 6 (12)

Donors
Sex (male/female), n 43/7
Age, mean (SD), y 28.0 (14.5)
Donor type (%) (DBD/DCD) 42/8

Transplantation
HLA mismatch, mean (SD), n 2.7 (1.3)
Cold ischemia time, mean (SD), h 12.5 (3.4)
Delayed graft function, n (%) 6 (12)
Double J stent 50 (100)

Induction therapy
Rabbit antithymocyte globulin (Thymoglobulin), n (%) 48 (96)
Basiliximab, n (%) 2 (4)

Immunosuppression at discharge
Tacrolimus, MMF, prednisone, n (%) 32 (64)
Tacrolimus, MPS, prednisone, n (%) 18 (36)

Abbreviations: DBD, donation after brain death; DCD, donation after cardiac
death; MMF, mycophenolate mofetil; MPS, mycophenolic sodium; PRA, panel-
reactive antibodies.
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all patients received triple immunosuppression with tacro-
limus, mycophenolates (MMF, n ¼ 32; MPS, n ¼ 18), and
prednisone. The majority of the patients received induction
therapy with rabbit antithymocyte globulin (Thymoglobulin)
(Table 1).

Virus Loads

As shown in Table 2, 47 patients (94%) showed reduction of
BK viruria to a level of < 107 copies/mL after 6 months of
MZR. The percentage of patients showing high levels of BK
viruria at 1, 3, and 6 months after conversion was 64%, 18%,
and 6%, respectively. The rate of BK viruria clearance at 1,
3, and 6 months after conversion was 6%, 52%, and 52%,
respectively.
Eleven patients showed sustained positive BK viremia

(defined as the occurrence of 2 or more consecutive positive
serum samples), 7 patients (64%) exhibited high level
viremia (5.3� 107 [9.9� 107] copies/mL), and the other 4
patients exhibited low level viremia (6.2� 103 [2.7� 103]
copies/mL). Ten (91%) patients showed viremia clearance
at 1 month after conversion. The rate of BK viremia
Table 2. Change of BK Virus Loads After Conv

Baseline

BK viruria (n ¼ 50)
High-level viruria (>107 copies/mL), n (%) 50 (100.0)
Other viruria (103e107 log copies/mL), n (%) 0
Rate of BK viruria clearance, n (%) -

BK viremia (n ¼ 11)
High-level viremia (>104 copies/mL), n (%) 7 (63.6)
Other viremia (103e104 copies/mL), n (%) 4 (36.4)
Rate of BK viremia clearance, n (%) -
clearance reached 100% at 3 months after conversion and
continued to 6 months (Table 2).

Clinical Outcomes

As shown in Table 3, the serum creatinine and the estimated
glomerular filtration rate of the patients were similar before
and after conversion. There were no statistical differences in
uric acid (UA) levels before and after conversion. However,
the proportion of patients receiving UA-lowering medica-
tions increased from 38% (19/50) before conversion to 52%
(26/50; P ¼ .23 compared with baseline) at 1 month and
62% (31/50; P ¼ .02 compared with baseline) at 3 months,
and remained at 62% at 6 months. The tacrolimus trough
level at 6 months after conversion was lower than the
baseline level (P ¼ .002) (Table 3).
One patient experienced an episode of acute rejection

(Banff Type IA), which was reversed by steroid adminis-
tration followed by increasing the MZR dosage from
3 mg/kg/d to 5 mg/kg/d. No new case of BK viremia was
observed after conversion to MZR. Biopsy results showed
no BKVAN in 3 patients with high-level BK viruria at
6 months after conversion (Table 2).
DISCUSSION

In this study, we found that most kidney transplant re-
cipients with high levels of BK viruria showed a reduction of
virus load in the urine after switching from MMF or MPS to
MZR for 6 months. In 11 recipients with simultaneous BK
viremia, the clearance rate of BK viremia was 100% at 6
months. No patients had a recurrence of BK viremia, and no
BKVAN was identified clinically or by biopsy.
There were several disadvantages of urine BKV testing

and pre-emptive treatment for BK viruria, including a low
positive predictive value for BKVAN, delayed decline of
urine BKV loads, and lack of clearance compared with BK
viremia in response to reduced immunosuppression. Over-
all, this may increase the risk of overreduction of immu-
nosuppression and subsequent rejection [1]. In this study,
we also found the delayed decline of BK viruria and lack of
clearance in response to conversion from mycophenolates
to MZR; however, the rate of acute rejection after con-
version was rather low (2%) compared with rates of 8% to
12% seen with protocols for reducing immunosuppression
for BK viremia [27,28].
ersion From Mycophenolates to Mizoribine

1 Month 3 Months 6 Months

32 (64.0) 9 (18.0) 3 (6.0)
12 (24.0) 15 (30.0) 21 (42.0)
6 (12.0) 26 (52.0) 26 (52.0)

1 0 0
0 0 0

10 (90.9) 11 (100.0) 11 (100.0)



Table 3. Changes in Biochemical Parameters After Conversion to Mizoribine

Time, mo 0 1 3 6

Serum creatinine, mean (SD), mmol/L 100.7 (21.6) 98.7 (22.8) 98.9 (21.9) 100.3 (21.7)
eGFR, mean (SD), mL/min/1.73 m2 73.2 (20.0) 74.6 (18.9) 74.5 (17.9) 73.6 (20.4)
Uric acid, mean (SD), mmol/L 352.0 (58.9) 371.7 (85.9) 363.6 (60.5) 340.4 (58.6)
Tacrolimus trough level, mean (SD), ng/mL 7.3 (1.5) 6.8 (1.4) 6.9 (0.9) 6.5 (0.9)*
Mizoribine trough level, mean (SD), ng/mL - 583 (440) 533 (275) 597 (237)

Abbreviation: eGFR, estimated glomerular filtration rate.
*Comparison vs baseline value, P ¼ .002.
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There are only a few reports in the literature regarding
pre-emptive treatment for BK viruria. Funahashi et al re-
ported that conversion from MMF to MZR in patients with
positive BK viruria reduced the virus load, but all the pa-
tients in the study had low baseline virus loads (<107 copies/
mL) [20]. Broeders et al suggested that high-level BK viruria
may be used as a marker of overimmunosuppression, and
that pre-emptive reduction of immunosuppression
improved patient survival but did not affect graft survival or
graft function [29].
Several risk factors for the development of BKVAN have

been identified in previous studies. Of the various risk fac-
tors, MMF use was associated with a high risk of BKV
infection [30,31]. The treatment of BKVAN is based on
reducing immunosuppression, and treatment protocols are
center specific. In general, reducing the dosage by 50% or
discontinuing MMF or MPS is common and is usually
combined with reducing the dosage of calcineurin inhibitors
by 25% to 50% [32,33]. The effect of MZR on the reduction
of BKV loads in this study may be because of its less potent
immunosuppressive effect at dosages up to 3 mg/kg/d. A
meta-analysis showed that high-dosage (5e6 mg/kg/d) MZR
has the same immunosuppressive efficacy as MMF in kidney
transplantation recipients [12]. Moreover, MZR per se may
have an inhibitory effect on the BKV, as suggested by
Funahashi et al [20]. It has been reported that MZR sup-
presses CMV replication in vitro [34] and that it has a strong
synergistic effect with ganciclovir in anti-CMV activity [15].
Studies have also shown that CMV infections were signifi-
cantly lower in renal transplant recipients treated with MZR
compared with MMF [13,35].
There were no significant changes in graft function after

conversion to MZR. Although we did not reduce the dose
of tacrolimus intentionally, the tacrolimus trough level of
the recipients at 6 months after conversion was lower than
the baseline level; this can be explained by the natural
tendency of minimization of the immunosuppressive agents
over time. Hyperuricemia is the primary adverse effect of
MZR [36,37]. Hyperuricemia associated with MZR was
easily controlled by UA-reducing drugs such as allopurinol,
benzbromarone, or febuxostat, as shown by the similar
serum UA levels before and after treatment with MZR. In
this study, the proportion of recipients receiving UA-
reducing drugs increased significantly after 3 months of
MZR.
There are some limitations of this study. First, this study
is not randomized and there is no control group; it is unclear
whether clearance rates seen here are similar to what would
have been seen without any intervention beyond the stan-
dard reductions in immunosuppression that would have
occurred at 3 months and later. In this study tacrolimus
levels were statistically significantly lower at 6 months.
Second, although it is tempting to speculate that the anti-
viral properties of MZR were responsible for the reduction
in viruria and viremia, this may also have been because of
mycophenolate discontinuation and substitution with low-
dose MZR rather than standard-dose MZR. Third, the
follow-up time is too short. Nevertheless, this study pro-
vided direct evidence suggesting that conversion from MMF
or MPS is associated with a reduction in the BKV load in
urine and plasma in patients with high levels of BK viruria
or viremia.
CONCLUSION

Early conversion from MMF or MPS to MZR in renal
transplant recipients with sustained high levels of BK viruria
was associated with reduction of BK viruria and clearance of
BK viremia. Randomized controlled clinical studies are
necessary to verify that MZR therapy reduces BK viral load
in urine and plasma.

ACKNOWLEDGMENTS

This study was supported by the National High Technology
Research and Development Program of China (863 Program)
(2012AA021008), the Key Clinical Project from the Ministry of
Health (2010159), the Special Fund for Science Research from the
Ministry of Health (201002004), and the Science and Technology
Planning Key Clinical Project of Guangdong Province
(2011A030400005).
REFERENCES

[1] Hirsch HH, Randhawa P. BK polyomavirus in solid organ
transplantation. Am J Transplant 2013;13(Suppl. 4):179e88.

[2] Hirsch HH, Brennan DC, Drachenberg CB, et al. Poly-
omavirus-associated nephropathy in renal transplantation: inter-
disciplinary analyses and recommendations. Transplantation
2005;79:1277e86.

[3] Pham PT, Schaenman J, Pham PC. BK virus infection
following kidney transplantation: an overview of risk factors,

http://refhub.elsevier.com/S0041-1345(18)30261-6/sref1
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref1
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref2
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref2
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref2
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref2
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref3
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref3


3360 YUAN, CHEN, ZHENG ET AL
screening strategies, and therapeutic interventions. Curr Opin Or-
gan Transplant 2014;19:401e12.

[4] Balba GP, Javaid B, Timpone Jr JG. BK polyomavirus
infection in the renal transplant recipient. Infect Dis Clin North Am
2013;27:271e83.

[5] Knight RJ, Gaber LW, Patel SJ, DeVos JM, Moore LW,
Gaber AO. Screening for BK viremia reduces but does not elimi-
nate the risk of BK nephropathy: a single-center retrospective
analysis. Transplantation 2013;95:949e54.

[6] Dharnidharka VR, Cherikh WS, Abbott KC. An OPTN anal-
ysis of national registry data on treatment of BK virus allograft ne-
phropathy in the United States. Transplantation 2009;87:1019e26.

[7] Pang XL, Doucette K, LeBlanc B, Cockfield SM,
Preiksaitis JK. Monitoring of polyomavirus BK virus viruria and
viremia in renal allograft recipients by use of a quantitative real-
time PCR assay: one-year prospective study. J Clin Microbiol
2007;45:3568e73.

[8] Babel N, Fendt J, Karaivanov S, et al. Sustained BK viruria as
an early marker for the development of BKV-associated nephrop-
athy: analysis of 4128 urine and serum samples. Transplantation
2009;88:89e95.

[9] Drachenberg CB, Hirsch HH, Papadimitriou JC, et al. Pol-
yomavirus BK versus JC replication and nephropathy in renal
transplant recipients: a prospective evaluation. Transplantation
2007;84:323e30.

[10] Hsieh MC, Hung CW, Chiou HL, Yang SF. Effect of a BK
viruria reaction detected by qualitative polymerase chain reaction
on the renal function of kidney transplant recipients. Mol Med Rep
2013;7:1319e23.

[11] Zhang X, Fu S, Han S, Zheng X, Wang L. The argument for
the use of mizoribine in renal transplantation: a meta-analysis and
systemic review. Transpl Immunol 2013;28:106e11.

[12] Xing S, Yang J, Zhang X, Zhou P. Comparative efficacy and
safety of mizoribine with mycophenolate mofetil for Asian renal
transplantationda meta-analysis. Clin Biochem 2014;47:663e9.

[13] Ushigome H, Uchida K, Nishimura K, et al. Efficacy and
safety of high-dose mizoribine combined with cyclosporine, basi-
liximab, and corticosteroids in renal transplantation: a Japanese
multicenter study. Transplant Proc 2016;48:794e8.

[14] Yoshimura N, Ushigome H, Nobori S, et al. Excellent
results of high-dose mizoribine combined with cyclosporine, basi-
liximab, and corticosteroids in renal transplant recipientsd4-year
results. Transplant Proc 2013;45:1472e5.

[15] Kuramoto T, Daikoku T, Yoshida Y, et al. Novel anti-
cytomegalovirus activity of immunosuppressant mizoribine and its
synergism with ganciclovir. J Pharmacol Exp Ther 2010;333:816e21.

[16] Naka K, Ikeda M, Abe K, Dansako H, Kato N. Mizoribine
inhibits hepatitis C virus RNA replication: effect of combination with
interferon-alpha. Biochem Biophys Res Commun 2005;330:871e9.

[17] Shigeta S. Recent progress in antiviral chemotherapy for
respiratory syncytial virus infections. Expert Opin Investig Drugs
2000;9:221e35.

[18] Stuyver LJ, Lostia S, Patterson SE, et al. Inhibitors of the
IMPDH enzyme as potential anti-bovine viral diarrhoea virus
agents. Antivir Chem Chemother 2002;13:345e52.

[19] Hosoya M, Shigeta S, Ishii T, Suzuki H, De Clercq E.
Comparative inhibitory effects of various nucleoside and non-
nucleoside analogues on replication of influenza virus types A and B
in vitro and in ovo. J Infect Dis 1993;168:641e6.

[20] Funahashi Y, Hattori R, Kinukawa T, Kimura H,
Nishiyama Y, Gotoh M. Conversion from mycophenolate mofetil to
mizoribine for patients with positive polyomavirus type BK in urine.
Transplant Proc 2008;40:2268e70.
[21] Huang G, Chen WF, Wang CX, et al. Noninvasive tool for
the diagnosis of polyomavirus BK-associated nephropathy in renal
transplant recipients. Diagn Microbiol Infect Dis 2013;75:292e7.

[22] Huang G, Wang CX, Zhang L, et al. Monitoring of poly-
omavirus BK replication and impact of preemptive immunosup-
pression reduction in renal-transplant recipients in China: a 5-year
single-center analysis. Diagn Microbiol Infect Dis 2015;81:21e6.

[23] Almeras C, Vetromile F, Garrigue V, Szwarc I,
Foulongne V, Mourad G. Monthly screening for BK viremia is an
effective strategy to prevent BK virus nephropathy in renal trans-
plant recipients. Transpl Infect Dis 2011;13:101e8.

[24] Ren B, Fu XH, Zhang ZH, Huang L, Wang CX, Chen X.
Determination of mizoribine in human plasma using high-
performance liquid chromatography: application to a pharmacoki-
netic study in Chinese renal transplant recipients. Drug Res (Stuttg)
2013;63:376e81.

[25] Drachenberg CB, Beskow CO, Cangro CB, et al. Human
polyoma virus in renal allograft biopsies: morphological findings
and correlation with urine cytology. Hum Pathol 1999;30:970e7.

[26] Loupy A, Haas M, Solez K, et al. The Banff 2015 Kidney
Meeting Report: current challenges in rejection classification and
prospects for adopting molecular pathology. Am J Transplant
2017;17:28e41.

[27] Brennan DC, Agha I, Bohl DL, et al. Incidence of BK with
tacrolimus versus cyclosporine and impact of preemptive immuno-
suppression reduction. Am J Transplant 2005;5:582e94.

[28] Schaub S, Hirsch HH, Dickenmann M, et al. Reducing
immunosuppression preserves allograft function in presumptive and
definitive polyomavirus-associated nephropathy. Am J Transplant
2010;10:2615e23.

[29] Broeders EN, Hamade A, El Mountahi F, et al. Preemptive
reduction of immunosuppression upon high urinary polyomavirus
loads improves patient survival without affecting kidney graft
function. Transpl Infect Dis 2016;18:872e80.

[30] Borni-Duval C, Caillard S, Olagne J, et al. Risk factors for
BK virus infection in the era of therapeutic drug monitoring.
Transplantation 2013;95:1498e505.

[31] Hirsch HH, Vincenti F, Friman S, et al. Polyomavirus BK
replication in de novo kidney transplant patients receiving tacroli-
mus or cyclosporine: a prospective, randomized, multicenter study.
Am J Transplant 2013;13:136e45.

[32] Almeras C, Foulongne V, Garrigue V, et al. Does reduction
in immunosuppression in viremic patients prevent BK virus
nephropathy in de novo renal transplant recipients? A prospective
study. Transplantation 2008;85:1099e104.

[33] Hardinger KL, Koch MJ, Bohl DJ, Storch GA,
Brennan DC. BK-virus and the impact of pre-emptive immuno-
suppression reduction: 5-year results. Am J Transplant 2010;10:
407e15.

[34] Shiraki K, Ishibashi M, Okuno T, et al. Effects of cyclo-
sporine, azathioprine, mizoribine, and prednisolone on replication
of human cytomegalovirus. Transplant Proc 1990;22:1682e5.

[35] Yoshimura N, Ushigome H, Akioka K, et al. The beneficial
effect of high-dose mizoribine combined with cyclosporine, basi-
liximab, and corticosteroids on CMV infection in renal transplant
recipients. Clin Exp Nephrol 2013;17:127e33.

[36] Ding X, Zhu X, Zhang Y, et al. Influence of serum uric acid
levels in response to the conversion from mycophenolate mofetil to
mizoribine in kidney transplant recipients. Transplant Proc 2013;45:
190e3.

[37] Guo HB. Acute allograft renal failure with marked hyper-
uricemia developing during mizoribine administration: a case report
with review of the literature. Transplant Proc 2010;42:2804e7.

http://refhub.elsevier.com/S0041-1345(18)30261-6/sref3
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref3
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref4
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref4
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref4
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref5
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref5
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref5
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref5
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref6
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref6
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref6
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref7
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref7
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref7
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref7
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref7
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref8
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref8
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref8
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref8
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref9
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref9
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref9
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref9
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref10
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref10
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref10
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref10
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref11
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref11
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref11
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref12
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref12
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref12
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref13
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref13
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref13
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref13
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref14
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref14
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref14
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref14
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref15
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref15
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref15
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref16
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref16
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref16
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref17
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref17
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref17
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref18
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref18
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref18
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref19
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref19
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref19
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref19
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref20
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref20
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref20
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref20
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref21
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref21
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref21
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref22
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref22
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref22
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref22
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref23
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref23
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref23
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref23
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref24
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref24
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref24
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref24
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref24
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref25
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref25
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref25
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref26
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref26
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref26
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref26
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref27
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref27
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref27
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref28
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref28
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref28
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref28
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref29
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref29
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref29
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref29
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref30
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref30
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref30
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref31
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref31
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref31
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref31
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref32
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref32
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref32
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref32
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref33
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref33
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref33
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref33
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref34
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref34
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref34
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref35
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref35
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref35
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref35
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref36
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref36
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref36
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref36
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref37
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref37
http://refhub.elsevier.com/S0041-1345(18)30261-6/sref37

	Conversion From Mycophenolates to Mizoribine Is Associated With Lower BK Virus Load in Kidney Transplant Recipients: A Pros ...
	Patients and Methods
	Patients and Conversion Protocol
	Conversion Protocol
	Baseline Immunosuppressive Regimen
	BKV Quantitative Measurement and Screening Protocol
	Measurement of MZR Trough Level
	Diagnosis of BKVAN
	Statistical Analysis

	Results
	Characteristics of Donors and Patients
	Virus Loads
	Clinical Outcomes

	Discussion
	Conclusion
	Acknowledgments
	References


