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Abstract The BK virus is a member of the polyomavirus family. When the immune system is compromised, as in
patients undergoing chemotherapy after hematopoietic stem cell and solid organ transplantation, the virus is
reactivated, leading to haemorrhagic cystitis. While the BK virus is one of the most common causes of morbidity
and mortality in patients after allogeneic stem cell transplantation, it rarely occurs after autologous stem cell
transplantation. The early diagnosis and treatment of viral cystitis may prevent significant morbidity and mortality
associated with haemorrhagic cystitis caused by the BK virus. It is not entirely clear how the BK virus affects
prognosis in patients undergoing allogeneic and autologous hematopoietic stem cell transplantation.
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1. Introduction
The BK virus (BKV) was first isolated as a new human
papovavirus from the urine of a renal transplant patient by
Gardner et al. in 1971. Polyomavirus hominis 1 (genus
Polyomaviridae), the BKV, is a non-encapsulated DNA
virus that is highly prevalent in healthy adults, with up to
90% seropositivity. Past infection with the BKV is
common, but significant consequences of the infection are
uncommon. In contrast, the BKV frequently causes
mortality and morbidity in immunocompromised and
immunosuppressed patients, and it can also be identified
in the non-transplant setting in patients with B-cell
lymphoproliferative disorders [1].
The BKV is a well-known cause of graft dysfunction
following renal transplantation and it has been reported in
the native kidneys of other solid organ recipients. BKV
infection has been connected with the development of
haemorrhagic cystitis (HC) after allogeneic transplant; it
occurs in up to 70% of hematopoietic stem cell transplant
(HSCT) recipients and is associated with prolonged
hospitalisation [2]. However, HC caused by BKV rarely
occurs in autologous HSCT [3]. This virus can be
diagnosed by a BKV blood test or a urine test for decoy
cells. Polymerase chain reaction (PCR) techniques are
often carried out to identify the virus [4].
The cornerstone of therapy is the reduction of
immunosuppression. A recent surge in BKV nephropathy

correlates with the use of potent immunosuppressant drugs
[5]. Topical anaesthetics such as phenazopyridine,
antispasmodic agents, and narcotic analgesics can use in
treatment of HC [6,7]. Insertion of a large-bore three-way
Foley’s urethral catheter to decompress the bladder and
saline solution irrigation of the bladder is recommended
for HC [8]. However, no drug is yet licensed for use in
BKV infection. Other therapeutic options include
cidofovir, leflunomide, intravenous immunoglobulin
(IVIG), fluoroquinolones, hyperbaric oxygen, and
cytotoxic T lymphocytes [9,10,11,12,13].

2. Diagnosis and Treatment of BK Virus
in Allogeneic and Autologous Bone
Marrow Transplantation
Many people who are infected with the BKV are
asymptomatic, but in rare cases, it causes disease such as
respiratory infection or fever, especially during early
childhood. These are known as primary BK infections.
After the first infection, polyomavirus can be latent in the
kidneys, urothelium, and other organs, until the body
undergoes some form of immunosuppression. In cases of
immunosuppression, it persists for the life of the
individual [14,15,16].
The BK virus is rarely seen in autologous HSCT
compared to allogeneic HSCT. In a study of 132 patients
in which 19% of the patients underwent autologous
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transplantation, Forty-four patients (33%) developed BK
viremia at a median of 41 days (range, 9-91 days) after
transplantation. Hemorrhagic cystitis was observed in 19
(14%) of the 132.
HSCT recipients, at a median of 9 days (range, 1–84
days) after transplantation. Patients with hemorrhagic
cystitis that occurred after platelet engraftment had higher
levels of viremia than did patients without hemorrhagic
cystitis (median, 9.7x10 (3) vs. 0 copies/mL; P=.008) and
patients with hemorrhagic cystitis that occurred before
platelet engraftment (median, 9.7x10(3) vs. 0 copies/mL;
P=.0006). Univariate analysis of risk factors for any
occurrence of BK viremia or for persistent BK viremia
identified CMV seropositivity and the underlying disease
as the only factors associated with BK viremia [14]. While
it can emerge in the early or late phase of stem cell
transplantation [8].
A grading system for severity of HC has been proposed
by Droller et al. Grade I is defined as microscopic
haematuria; grade II as macroscopic haematuria; grade III
as macroscopic haematuria with clots; and grade IV as
macroscopic haematuria with renal or bladder dysfunction
[17]. In addition, viruses (BKV, JC virus, adenovirus, and
cytomegalovirus [CMV]) and graft-versus-host disease
(GVHD) are suspected in HC [18].
Reducing immunosuppression is the mainstay of
therapy for HC due to BKV. Different interventions have
been pursued, most commonly regress of tacrolimus or
mycophenolate mofetil, but threshold values for drug
doses have not yet been determined [5]. Many opioid
analgesics, including acetaminophen, nonsteroidal antiinflammatory drugs, and even antispasmodic agents have
a place in haemorrhagic cystitis therapy [6]. Phenazopyridine
is prescribed for its local analgesic effects on the urinary
tract. It is sometimes used in conjunction with an antibiotic or
other anti-infective medication at the inception of treatment
to help provide immediate symptomatic relief [7]. It has
been reported in the literature that insertion of a large-bore
three-way Foley’s urethral catheter to decompress the
bladder and saline solution irrigation of the bladder may
slow or stop the bleeding. In some instances, cystoscopic
clot evacuation may be necessary [8].
Cidofovir is becoming the drug of choice to treat viral
HC in immunosuppressed patients. Cidofovir is an acyclic
nucleotide phosphonate analogue of deoxycytosine
monophosphate. It is active against most common viral
pathogens and is licensed for the treatment of CMV
retinitis. It has improved clinical outcomes and decreased
viruria and viraemia in hematopoietic cell transplantation
patients with BK-virus-associated HC. An important side
effect of cidofovir is that it is a highly nephrotoxic drug.
Gonzalez-Fraile et al. reported a single case with
resolution of symptoms and BKV viruria with standard
cidofovir treatment (5 mg/kg/day, fortnightly) [18].
Gorczynska et al. reported a study of 26 paediatric patients
with HC due to human polyomavirus (human
papillomavirus; 21 patients with BKV, one patient with JC
virus, and four patients with adenovirus) who were given
standard cidofovir dosing until resolution of symptoms
(median, three treatments). Twenty-two children were
treated with cidofovir with no significant toxicity. In all of
the treated patients but one, the clinical symptoms were
moderate and no HC-related death was observed. [19].
Held et al. reported a single case of standard cidofovir

dosing (three doses) wherein the patient’s haematuria
resolved after 20 days and BKV viruria decreased after
two doses of cidofovir [20]. Palandri et al. reported a
single case in which there was no improvement after two
doses of standard dose cidofovir; a superselective vesical
artery embolisation was performed, which stopped the
bleeding [21]. Kwon et al. reported their single-centre
experience
with
treatment
of
BKV-associated
haemorrhagic cystitis in paediatric HSCT recipients with
standard dose cidofovir. They investigated the efficacy
and safety of cidofovir therapy for patients with BKV-HC
at a single institution and analysed the clinical management
outcomes. They used cidofovir treatment in 12 patients
(11 with probenecid and one without probenecid), and
they found that clinical improvement was observed in all
cases, with no HC-related death observed. Cidofovirrelated toxicity occurred in one patient and resolved
spontaneously [22]. Cesaro et al. reported a new study
regarding the relationship between clinical and BK
virological response in patients with haemorrhagic cystitis
treated with standard dose cidofovir. They evaluated,
retrospectively, 32 cases of haemorrhagic cystitis after
allogeneic HSCT that were treated with cidofovir. They
determined that in patients with haemorrhagic cystitis, the
response to cidofovir treatment is usually associated with
a significant reduction of BK viraemia load. Nephrotoxicity
related to cidofovir was observed in nine patients [23].
Savona et al. reported a study on low-dose cidofovir (1
mg/kg of cidofovir weekly) treatment of BKV-associated
haemorrhagic cystitis in which HSCT recipients with
BKV-associated HC were treated with cidofovir. They
reported that weekly low-dose cidofovir appears to be a
safe treatment option for BKV-associated HC [24].
Hatakeyama et al. reported a single case with BKV and
adenovirus. In their study, vidarabine was administered
without effect, and a relatively low dose of cidofovir was
efficacious. The adenovirus resolved after nine doses, and
the BKV resolved after 14 doses [9]. Faraci et al. applied
low-dose cidofovir without probenecid in seven children
with BKV-associated haemorrhagic cystitis after HSCT,
and clinical improvement was observed in all cases. The
authors did not observe adverse events, although a
significant reduction in urinary viral load was observed
two weeks after the end of cidofovir in five out of six
patients who completed the treatment [25]. Araya et al.
reported a study about intermediate-dose cidofovir (0.75–
1.0 mg/kg/dose) without probenecid in the treatment of
BKV allograft nephropathy. The authors suggested that
intermediate-dose cidofovir without probenecid, used
judiciously, is not associated with additional nephrotoxicity,
and it may provide an additional treatment alternative [26].
Leflunomide is a member of the malononitrilamide
class of drugs, an immunosuppressive that is licensed for
rheumatoid arthritis. Leflunomide has antiviral activity in
vitro against BKV, CMV, and herpes simplex. It reduces
the BK viral load in the blood and urine of renal transplant
patients with BK nephropathy [10]. Liacini et al. reported
a study about anti-BK-virus mechanisms of sirolimus and
leflunomide alone and in combination, and they decided
that combination therapy might reduce BK pathogenesis
while maintaining appropriate transplant immunosuppression
[27]. Chen et al. reported a study wherein leflunomide was
used with allogeneic HSCT. Fourteen patients were
treated with oral leflunomide, and efficacy was evaluated
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on day 20. Seven patients achieved complete remission,
five patients achieved partial remission, and two patients
had more than a 1-log reduction in urinary BKV-DNA
loads. No significant toxicity was observed. The authors
suggested that leflunomide might be a potentially effective
medication for treating HC due to BKV [28].
Limited data is available regarding the efficacy of IVIG
in patients with BK nephropathy [29]. Lekakis et al.
reported a case wherein leflunomide and cidofovir were
used at different times, both in combination with IVIG. In
this study, both treatments were effective in reducing the
BK viral load [30]. Anyaegbu et al. applied IVIG (2g/kg/day)
to four patients as a treatment for BK viraemia and
nephropathy in paediatric renal transplant recipients, and
they found that IVIG seemed to be an effective treatment
for persistent BKV after immunosuppression reduction
[31].
Ciprofloxacin is a second-generation fluoroquinolone
antibiotic. The efficacy of ciprofloxacin was best reported
in a study of 68 HSCT patients; the data from that study
support a role for ciprofloxacin in the prevention of BK
viraemia [11]. Cekmen et al. reported the case of a 21year-old male patient who developed BKV nephropathy
after renal transplantation. In an assessment of treatment
with ciprofloxacin for six months, it was observed that the
drug reduced the viral load and improved the clinical
findings [32]. Wojciechowski et al. reported a study about
ciprofloxacin prophylaxis in kidney transplant recipients.
They compared the impact of a change in antibiotic
prophylaxis practice from no BKV prophylaxis to BKV
prophylaxis with ciprofloxacin 250 mg twice daily for 30
days on the rate of BKV infection during the first 12
months after kidney transplantation. The authors
determined that thirty-day ciprofloxacin prophylaxis in
kidney transplant recipients was associated with a lower
rate of BKV infection at three months, but not at 12
months. The long-term effectiveness and optimal duration
of fluoroquinolone prophylaxis against BKV infection
remain unknown [33].
Hyperbaric oxygen therapy has been used broadly in
hypoxic tissues in an effort to induce angiogenesis and
prompt healing, and it can be used successfully in the
treatment of refractory HC in HSCT. Hughes reported a
case of HC that occurred after autologous peripheral blood
HSCT for multiple myeloma. The patient received
cyclophosphamide and busulfan and contracted BK and
adenovirus. The haemorrhage was refractory to multiple
conventional treatments, but it resolved after a course of
hyperbaric oxygen [12]. Savva-Bordalo et al. reported a
study regarding the clinical effectiveness of hyperbaric
oxygen therapy. They evaluated the effectiveness of
hyperbaric oxygen therapy in 16 patients with HC after
allogeneic HSCT, and 15 patients (94%) showed complete
resolution of haematuria [34]. Focosi et al. reported the
study of a patient with severe BKV-associated haemorrhagic
cystitis who did not respond to intravenous cidofovir.
Overt haematuria successfully resolved after a few days
on hyperbaric oxygen and intravesical instillations of
cidofovir [35].
BK polyomavirus reactivation associated with a failure
of T-cell immunity is associated with haemorrhagic
cystitis in hematopoietic stem cell transplant recipients.
The infusion of BKV-specific T cells could potentially
reconstitute functional BKV immunity and reduce the
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clinical complications of BKV infection [13]. Blyth et al.
reported that possible clinical uses for BKV-specific T
cells generated using this method include the immune
reconstitution of post-hemopoietic stem-cell transplantation
or prophylaxis and treatment of immune deficiency in
renal transplant recipients [36].

3. Conclusion
Although the role of the BKV in the aetiology of HC is
more common in allogeneic HSCT patients, its frequency
is not exactly known in autologous HSCT patients. More
studies are required to determine the frequency of BKV in
HC with autologous HSCT. The roles and success of the
drugs used in the treatment of the BKV are unclear. Lowdose cidofovir appears to be less nephrotoxic than
standard dose cidofovir. Leflunomide’s use requires
randomised controlled trials. BKV-specific T cells might
prove to be the most optimal therapy.
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