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Abstract
Background and objectives BK virus reactivation in kidney transplant recipients can lead to progressive allograft
injury. Reduction of immunosuppression remains the cornerstone of treatment for active BK infection. Fluoroquinolone
antibiotics are known to have in vitro antiviral properties, but the evidence for their use in patients with BK viremia is
inconclusive. The objective of the study was to determine the efﬁcacy of levoﬂoxacin in the treatment of BK viremia.
Design, setting, participants, & measurements Enrollment in this prospective, multicenter, double-blinded,
placebo-controlled trial occurred from July 2009 to March 2012. Thirty-nine kidney transplant recipients with BK
viremia were randomly assigned to receive levoﬂoxacin, 500 mg daily, or placebo for 30 days. Immunosuppression in all patients was adjusted on the basis of standard clinical practices at each institution. Plasma BK viral
load and serum creatinine were measured monthly for 3 months and at 6 months.
Results At the 3-month follow-up, the percentage reductions in BK viral load were 70.3% and 69.1% in the
levoﬂoxacin group and the placebo group, respectively (P=0.93). The percentage reductions in BK viral load were
also equivalent at 1 month (58% versus and 67.1%; P=0.47) and 6 months (82.1% versus 90.5%; P=0.38). Linear
regression analysis of serum creatinine versus time showed no difference in allograft function between the
two study groups during the follow-up period.
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Conclusions A 30-day course of levoﬂoxacin does not signiﬁcantly improve BK viral load reduction or allograft
function when used in addition to overall reduction of immunosuppression.
Clin J Am Soc Nephrol 9: 583–589, 2014. doi: 10.2215/CJN.04230413

Introduction
The BK polyomavirus (BKV), named after the patient
from whom the virus was ﬁrst isolated in 1971, infects
up to 90% of the population (1). Primary viral infection
generally occurs in childhood and persists in the genitourinary tract, remaining quiescent in most immunocompetent hosts. Transplantation and long-term
immunosuppression allows for reactivation of viral replication, causing interstitial nephritis and progressive allograft injury in kidney transplant recipients (2–6).
Routine screening for BKV reactivation after transplantation has been widely recommended and is performed at most transplant centers. The goal of diagnosing
and managing BK viremia early in the course of active
infection is to prevent the progressive allograft failure
that is highly associated with polyomavirus-associated
nephropathy (PyVAN).
BK viruria (BKV replication limited to the urogenital tract) can be detected in 30% of the kidney
transplant population. BK viremia and BK nephropathy develop in about 11%–13% and 8% of kidney
transplant recipients, respectively (7,8). Nearly half
www.cjasn.org Vol 9 March, 2014

of all patients who develop BK nephropathy experience allograft failure (9,10).
Treatment primarily involves reduction of immunosuppression. Deﬁnitive evidence for the use of antiviral
agents, such as cidofovir, leﬂunomide, or intravenous
immunoglobulin, to treat BK infection is lacking (11,12).
Fluoroquinolone antibiotics have also been shown to
have antiviral properties, and their efﬁcacy against
BKV has been suggested by in vitro studies and small,
single-center in vivo analyses (13–17). No randomized,
controlled trials have validated the use of any treatments
for BK viremia. To our knowledge, this is the ﬁrst prospective, double-blind, randomized, placebo-controlled
trial to examine the use of levoﬂoxacin in kidney transplant recipients with BK viremia.

Materials and Methods
Trial Design and Study Population
We enrolled adult kidney transplant recipients,
age.18 years, with documented BK viremia at eight
transplant centers in the United States. Patient enrollment occurred from July 10, 2009, to March 20, 2012.
Copyright © 2014 by the American Society of Nephrology
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Baseline characteristics, including age, sex, race, comorbid
disease, transplant details, medications, and allograft function, were collected from the patients’ medical records.
Exclusion criteria are listed in Supplemental Table 1.
Study participants were randomly assigned in a 1:1 ratio
to receive levoﬂoxacin, 500 mg, dosed appropriately for
renal function (500 mg daily for estimated GFR.50 ml/min
per 1.73 m 2 , 500 mg every other day for estimated
GFR=20–49 ml/min per 1.73 m2, or 500 mg twice a week
for estimated GFR=10–19 ml/min per 1.73 m2) or a similarlooking placebo for 30 days. Duration of therapy was based
on our previous study on the use of levoﬂoxacin in the
prevention of BK viremia (14).
After diagnosis of BK viremia, a conﬁrmatory BK viral
load was checked before randomization. Plasma BK viral
load was then monitored monthly by PCR for 3 months and
at 6 months after beginning of treatment or placebo. Renal
function was also monitored monthly for 3 months and at
6 months. Each participating center managed changes in
immunosuppression according to standard clinical practices
at their institution. This design was based on three principal
ideas: ﬁrst, it would be unethical not to reduce immunosuppression after detection of BK viremia given the potentially
devastating effect of unchecked BK infection on the transplanted kidney. Second, it would be impractical to dictate
how immunosuppression should be reduced in individual
patients at different centers, because reduction of immunosuppression very much depends on the individual setting,
such as whether or not the patient is receiving a steroid free
protocol, and the strength of the viral load. Third, any
additional therapy for treatment of BK nephropathy would
have to be shown to be signiﬁcantly better than current
management for the beneﬁts of treatment to outweigh any
potential adverse effects. We therefore estimated that the
treatment group would have to show a 30%–50% further
reduction of BK viral load to be clinically worthwhile. To
achieve this, a sample size of 16 patients in each group would
be necessary to have 80% power to detect a 30% difference in
BK viral load reductions, assuming an SD of 30%.
The study protocol was approved by the review boards
at all participating institutions and was conducted according to the provisions of the Declaration of Helsinki. The
clinical and research activities being reported are consistent
with the Principles of the Declaration of Istanbul, as
outlined in the Declaration of Istanbul on Organ Trafﬁcking and Transplant Tourism (18). All study participants
provided written informed consent. The clinical trial was
registered with the National Institutes of Health on December 16, 2009 (NCT01034176).
Study Endpoints
The primary endpoint was percentage reduction in
plasma BK viral load at 3 months. Secondary endpoints
included percentage reduction in BK viral load at 6 months,
the number of patients with .50% reduction in BK viral
load at 3 and 6 months, the number of patients with sustained BK viremia at 3 and 6 months, and allograft function at 6 months. Percentage BK viral load reduction was
calculated by comparing the BK viral load on the conﬁrmatory testing and at 3 months and 6 months after start of
study drug or placebo. The use of percentage reduction in
our evaluation of BK viral load served a 2-fold purpose.

First, it standardized the decrease in BK viral load among
the study participants (e.g., one patient may have a BK
viral load of 5000 copies/ml, whereas another would present with a BK viral load in the millions; a decrease of 2500
copies/ml has different implications in each case). Second,
the percentage reduction of BK viral load was used to adjust for the multiple laboratories performing the PCR assays (Supplemental Table 2). Patients without any
decrease in BK viral load or those with an increase in BK
viral load during the monitoring period were considered
to have 0% reduction in viral load. When a speciﬁc BKV
copy number was not reported (e.g., when BK viral load
was reported as ,5000 copies/ml), this was coded as the
median value of 2500 copies/ml for data analysis. Allograft function was evaluated by monitoring serum creatinine (sCr) at 1, 2, 3, and 6 months and by analyzing the
slope of the line made by sCr versus time.
Statistical Analyses
Baseline descriptive statistics were summarized as percentages. To describe the central location of the continuous
variables, the mean of the normally distributed continuous
variables and the median of variables not normally distributed were reported. Categorical variables were compared using the Fisher exact test. Continuous variables
were analyzed using the t test or a chi-squared test (Mood
median test). Linear regression analysis was performed to
compare the progression of renal function as estimated by
sCr versus time in the two study groups. A two-sided
P value,0.05 was considered to represent a statistically
signiﬁcant difference. Statistical analyses were conducted
using JMP Pro, version 10.0 (SAS Institute, Cary, NC).

Results
Patients
Forty-six patients were initially enrolled in the study
(Figure 1). Three patients had undetectable plasma BK viral load on the conﬁrmatory testing and were not included
in further analysis. Forty-three patients were randomly assigned, but one was nonadherent with follow-up and another withdrew from the study before the 1-month study
visit. Both were in the placebo group, and no data were
available regarding these two individuals after enrollment. Two patients in the treatment group developed
Achilles tendon pain or injury and were withdrawn
from the study after 8 and 16 days. Data were not available to allow us to include these two patients in the outcomes analysis; however, they were included in the
analysis of adverse events.
Thus, a total of 39 patients were randomly assigned and
completed at least the 3-month study visit. Twenty study
participants were allocated to receive levoﬂoxacin and 19 to
receive placebo. The baseline characteristics are summarized in Table 1. Age, sex, race, prevalence of diabetes
mellitus, history of desensitization, induction therapy,
and concomitant cytomegalovirus infection did not significantly differ between the levoﬂoxacin and placebo
groups. The only statistically signiﬁcant difference concerned the number of patients in each group who had
had a previous transplant: six patients in the placebo
group versus one in the levoﬂoxacin group (P=0.04).
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There were also no statistically signiﬁcant differences in
the BK viral load at the start of the study, the peak BK viral
load, the time from transplant to diagnosis of BK viremia,
the creatinine level at the time of BK diagnosis, or the
number of days on levoﬂoxacin or placebo. The number of
patients who were treated with leﬂunomide or who were
receiving a steroid-free immunosuppressive regimen was
also equivalent between the two study groups. Table 2
summarizes the total daily dose of tacrolimus and

Figure 1. | Study design. VL, viral load.
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mycophenolate mofetil (MMF) for each study group
throughout the study period. Dose reductions and medication discontinuation rates were similar between the two
study groups.
BK Viral Load Reduction
BK viremia developed 28–2555 days after transplant
(median, 131 days). One individual did not have a BK viral
load checked at 3 months, so the 2-month BK viral load
was used for data analysis. One patient died before the
6-month follow-up and was not included in the 6-month
analysis of BK viral load or renal function.
There was no statistically signiﬁcant difference in the
median BK viral load for each study group at 0, 1, 2, 3, and
6 months during the study period (Figure 2). Supplemental
Figure 1 shows plasma BK viral loads for each patient
throughout the study period. At 3 months, the levoﬂoxacin and placebo groups had similar reductions in BK viral
load (70.3%642.5% versus 69.1%639.5%, respectively;
P=0.93), as shown in Table 3. The number of study participants with a $50% reduction after 3 months was also
equivalent (75% versus 68%; P=0.73). BK viral load reduction and number of patients achieving a $50% reduction
in BK viral load at 6 months did not differ between the two
groups.
BK viral load increased in 25% of the participants in the
levoﬂoxacin group compared with 16% in the placebo
group (P=0.69). Although most participants had an overall
decrease in the number of copies of BKV, only eight patients in the levoﬂoxacin group and six in the placebo
group had undetectable plasma levels of BKV at 6 months
(P=0.74).
Post hoc analysis of BK viral load reduction and allograft
loss excluding patients exposed to leﬂunomide is reported
in Supplemental Table 3.

Table 1. Patient demographic and clinical characteristics

Characteristic
Mean age at transplant (yr)
Women
African American
Diabetes mellitus
Previous transplant
Desensitized
Induction regimen
Thymoglobulin
Simulect
Cytomegalovirus disease
Median onset of BK viremia (IQR) (d)
Median BK viral load after consent
(IQR) (copies/ml)
Median peak BK viral load (IQR) (copies/ml)
Mean creatinine at BK diagnosis (mg/dl)
Average duration of treatment (d)
Leﬂunomide use
Prednisone free
Acute rejection after BK diagnosis

Levoﬂoxacin
Group (n=20)

Placebo
Group (n=19)

P Value

54
2 (11)
3 (15)
8 (40)
1 (0.05)
0

54.9
7 (58)
2 (10.5)
9 (47)
6 (31.6)
3 (15.8)

0.78
0.06
0.69
0.75
0.04
0.11
0.11

12 (60)
8 (40)
4 (20)
118 (64–249)
24,075 (6,875–65,981)
74,875 (31,275–255,325)
1.6
29.9
4 (20)
8 (40)
1 (5)

14 (73.7)
5 (26.3)
6 (31.6)
170 (49–344)
47,900 (12,500–183,000)

0.48
0.08
0.27

119,000 (30,200–471,200)
1.8
29.2
2 (11)
5 (26)
0 (0)

0.64
0.19
0.51
0.66
0.50
.0.99

Unless otherwise noted, values are the number (percentage) of patients. IQR, interquartile range.
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Table 2. Immunosuppression medications and average daily doses before BK viremia diagnosis and throughout study period

Variable
BK viremia diagnosis
Levoﬂoxacin
Placebo
P value
Study entry
Levoﬂoxacin
Placebo
P value
3 mo
Levoﬂoxacin
Placebo
P value
6 mo
Levoﬂoxacin
Placebo
P value

Average Daily
Tacrolimus
Dose6SD (mg/d)

Patients Receiving
MMF (n)a

Average Daily MMF
Dosage6SD (mg/d))b

Patients Receiving
Tacrolimus (n)c

16
19

15316499
16576443
0.44

18
18

6.363.6
5.963.0
0.73

11
12

10006316
11676504
0.35

19
17

4.662.8
5.163.3
0.64

10
10

9506369
12006483
0.21

19
17

4.262.4
5.163.0
0.35

11
11

9556270
11366505
0.31

18
16

4.162.6
5.363.1
0.25

MMF, mycophenolate mofetil.
a
After diagnosis of BK viremia, MMF was discontinued and replaced with sirolimus (n=1), azathioprine (n=3), or leﬂunomide (n=4) in
some study participants. Two patients began receiving leﬂunomide after BK viremia diagnosis.
b
Thirteen patients were receiving mycophenolate sodium. The equivalent MMF dose is reported and used for analysis (e.g., mycophenolate sodium, 720 mg twice daily, is reported as 2000 mg total daily dose of MMF).
c
Cyclosporine was used in one patient. Two other patients not receiving tacrolimus were receiving sirolimus at the time of BK viremia
diagnosis.

Figure 2. | Median BK viral load throughout the study period. There
was no statistically significant difference in the median BK viral load
at the onset of the study, or at 1, 2, 3, or 6 months. Error bars represent
the interquartile range for each data point.

Safety Profile
Of the 22 participants initially randomly assigned to the
levoﬂoxacin group, two (9%) developed Achilles tendon
pain. Levoﬂoxacin was discontinued in both patients, and
pain resolved in both. Two individuals in the placebo
group reported depression or suicidal ideation. One patient
in the levoﬂoxacin group developed biopsy-proven acute
rejection.
Two patients in the overall cohort died (one in each
group). Both causes of death were determined to be unrelated
to the study drug. The cause of death in the patient in the
levoﬂoxacin group was disseminated adenocarcinoma of unknown primary. This patient died before the 6-month followup and was omitted from the 6-month outcomes analysis.
One participant in the placebo group developed staphylococcal infection after a planned surgery. This patient
was unblinded and treated with levoﬂoxacin for 1 week
during the second month of follow-up.

Discussion
Allograft Function
sCr at diagnosis of BK viremia and at 1, 2, 3, and
6 months after enrollment in the study is reported in Table
4. The sCr values did not signiﬁcantly differ at any of these
time points. Linear regression analysis of sCr versus time
(Figure 3) showed no statistically signiﬁcant difference in
allograft function between the two study groups during
the follow-up period. Only two patients had allograft failure and resumed renal replacement therapy; both were in
the placebo group. However, this ﬁnding was not statistically signiﬁcant (P=0.49).

BK nephropathy is associated with high rates of allograft
loss, and, unfortunately, treatment options remain limited.
Reduction of immunosuppression is the mainstay of
treatment for PyVAN (8,9,11,19,20). Cidofovir, leﬂunomide,
and intravenous immunoglobulin have also been used, but
there is no deﬁnitive evidence for their efﬁcacy in the treatment of BK viremia (11,12,20–25).
Levoﬂoxacin is a quinolone antibiotic with known
activity against bacterial type II topoisomerase (26). Topoisomerase II is an essential enzyme for bacterial DNA
replication and is also involved in the DNA replication
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Table 3. Outcomes

Outcome
Reduction in BK viral load at 3 mo (%)
Patients with .50% reduction in BK
viral load at 3 mo
Reduction in BK viral load at 6 mo (%)
Patients with .50% reduction in BK
viral load at 6 mo
Increase in BK viral load at 3 mo
Sustained BK viremia at 3 mo
Sustained BK viremia at 6 mo
Allograft loss

Levoﬂoxacin Group (n=20)

Placebo Group(n=19)

70.3642.5
15 (75)

69.1639.5
13 (68)

82.1634.7
16 (84) (n=19)

90.5622.2
17 (89) (n=19)

5 (25)
13 (65)
11 (58)
0 (0)

3 (16)
14 (74)
13 (68)
2 (11)

P Value
0.93
0.73
0.38
.0.99
0.69
0.73
0.74
0.49

Unless otherwise noted, values are the number (percentage) of patients. Values expressed with a plus/minus sign are the mean6SD.

Table 4. Mean serum creatinine6SD at BK viremia diagnosis and at 1, 2, 3, and 6 months after start of study

Study Time Point

Levoﬂoxacin Group

Placebo Group

P Value

BK viremia diagnosis
1 mo
2 mo
3 mo
6 mo

1.660.4
1.660.5
1.660.5
1.560.4
1.560.5

1.860.8
1.960.9
1.660.6
1.860.9
2.161.6

0.19
0.32
0.76
0.21
0.17

Creatinine values are expressed as mg/dl.

Figure 3. | Linear regression analysis of serum creatinine versus
time. Allograft function did not significantly differ between the two
study groups during the follow-up period. 95% CI, 95% confidence
interval; sCr, serum creatinine.

process of simian virus 40, a polyomavirus closely related
to BKV (27). Use of quinolone antibiotics inhibits BKV
DNA replication and decreases viral growth in vitro (13).
In vivo studies of the use of quinolones in BKV reactivation have been small and inconclusive. In 2005, a group in

Hong Kong reported decrease of BKV replication in recipients of allogeneic hematopoietic stem cell transplants
treated with ciproﬂoxacin (15). In kidney transplant
recipients, a 10-day course of gatiﬂoxacin was shown to
decrease BK viremia in 7 of 10 patients after 2 months of
follow-up. The effective use of ﬂuoroquinolones as prophylaxis against the development of BK viremia has also
been studied in both the hematopoietic stem cell transplant
and kidney transplant populations (14,16,17). Gabardi et al.
showed that a 1-month course of ﬂuoroquinolones after kidney transplantation was associated with signiﬁcantly lower
rates of BK viremia at 1 year (14). A recent analysis also
showed the efﬁcacy of a 30-day course of ciproﬂoxacin in
the prevention of BKV reactivation at 3 months, although
not at 1 year (17). Both were retrospective studies of patients
who had been prescribed a ﬂuoroquinolone for infection
prophylaxis (14,17).
To our knowledge, the current study is the only prospective, randomized, controlled trial of any treatment
regimen for BK infection. The results of this study show
that levoﬂoxacin does not provide further beneﬁt with
regard to viral load reduction, clearance of BK viremia, or
allograft survival compared with immunosuppression reduction alone. Changes in BK viral load were standardized
by calculating percentage reduction for each patient.
Efﬁcacy of levoﬂoxacin in the treatment of BK viremia
was investigated using both categorical assessments (number of patients achieving 50% reduction in BK viral load,
number of patients with sustained viremia, and number of
patients with an increase in BK viral load) and numeric
assessments of BK viral load.
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Both study groups were well matched with regard to
demographic and transplant factors, including use of
speciﬁc induction therapies and steroid-free protocols.
Other than immunosuppression, no speciﬁc demographic
or transplant factor, such as donor age, degree of sensitization, cold ischemic time, or cytomegalovirus disease, has
been identiﬁed as a risk factor for PyVAN (9). In this one
important aspect, more patients in the placebo group had
received previous transplants (six versus one; P=0.04) or
required desensitization; either situation would, presumably, require a greater degree of immunosuppression. Although this difference in the study groups could insert a
confounding effect to increase the appearance of efﬁcacy of
levoﬂoxacin, the lack of difference in BK viral load reduction clearly indicates the lack of effect of levoﬂoxacin on
BKV reduction and clearance. On 14 other points of comparison, including total daily dose of tacrolimus and MMF,
no statistically signiﬁcant differences between the two
study groups were seen.
The dose and duration of drug administration were
similar or higher than those in previous retrospective
clinical studies of ciproﬂoxacin, gatiﬂoxacin, and levoﬂoxacin in the prevention or treatment of BK viremia (14,17).
Levoﬂoxacin has greater bioavailability than ciproﬂoxacin,
and a 500-mg/d dosage of levoﬂoxacin is probably similar
to the slightly higher doses of ciproﬂoxacin used in other
studies (15,16,28,29). Furthermore, a higher dose or longer
course of levoﬂoxacin would have increased potential for
microbacterial resistance and rates of adverse events in an
immunologically vulnerable population.
In our study cohort we observed a high rate of Achilles
tendonitis (n=2 [9%]). Although the reported incidence
rate of ﬂuoroquinolone-associated tendinopathy is ,1%
in the general population, the risks of tendonitis and tendon rupture increase with the use of corticosteroids and in
kidney transplant recipients (30,31). The US Food and
Drug Administration black box warning for the risk of
tendonitis and tendon rupture with the use of ﬂuoroquinolones makes the judicious use of this class of antibiotics
important in the kidney transplant population (31).
Acute rejection from decreases in immunosuppression or
an increase in the immune response due to active viral
replication is also associated with BK infection. In this
study, one patient had biopsy-proven acute rejection. The
patient was in the levoﬂoxacin group and cleared the BK
viremia at 3 months. No evidence suggests that ﬂuoroquinolones affect acute rejection rates.
On the basis of the patient cohort that was enrolled, the
study was powered to detect a 27% or greater difference in
the BK viral load reductions at 3 months. In clinical
practice, determining what constitutes a signiﬁcant reduction of BK viral load is difﬁcult. Although a log reduction of
BK viral load is certainly accepted as clinically relevant, it
becomes more challenging to determine signiﬁcance when,
for example, a BK viral load of 250,000 copies/ml is
reduced to 200,000 copies/ml or when 10 million copies is
reduced to 8 million copies. Thus, we estimated that a 30%
reduction in BK viral load would be the minimum cutoff for
clinical signiﬁcance, and we designed the study to be
powered accordingly.
The strengths of this study include the fairly well
randomized study groups, the use of a placebo control

group, and the blinding of both the study participants and
the health care team. Limitations of the study include the
predominance of patients with a previous transplant in the
placebo group and the variability in management of
immunosuppression at the various transplant centers.
Despite this, the study groups were still well balanced in
terms in induction medication, steroid withdrawal, need
for desensitization, and use of leﬂunomide. Although
statistically nonsigniﬁcant, the placebo group did have
higher starting and peak BK viral load. Similar to the confounding effect that a higher degree of immunosuppression
in the placebo group could have, more severe BK disease in
the placebo group would spuriously show efﬁcacy of the
study drug. However, this was not the case.
Protocol biopsies were not required as a part of this
study, and only ﬁve patients had allograft biopsies performed after BK viremia was diagnosed. None had evidence of BK nephropathy. Another limitation of the study
was the lack of a central laboratory for BK viral load
analysis, potentially introducing variation based on laboratory differences. Regardless of the potential differences in
the study groups, in a negative result study such as this
one, the likelihood that the various confounders would
affect the outcome in an equal and opposite direction
would be small. The relatively small number of patients in
the study also limited our ability to detect small differences
in BK viral load reduction (e.g., ,30%).
Finally, we realize that the various ﬂuoroquinolones
have inherent differences, and we cannot say with absolute
certainty that results would be similar with quinolone
antibiotics other than levoﬂoxacin.
In conclusion, we found that use of levoﬂoxacin does not
improve BK viral load reduction, BK viral load clearance, or
allograft function in the setting of a reduction of immunosuppression. The use of ﬂuoroquinolones in the renal transplant recipient has signiﬁcant potential adverse effects,
including Achilles tendonitis. Although using ﬂuoroquinolones as prophylaxis against BK reactivation may be beneﬁcial, their use in the treatment of already established BK
viremia is not warranted.
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