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Abstract

BK virus (BKV), an ubiquitous human polyomavirus, usually does not cause disease in healthy

individuals. BKV reactivation and disease can occur in immunosuppressed individuals, such as

those who have undergone renal transplantation or hematopoietic cell transplantation (HCT).

Clinical manifestations of BKV disease include graft dysfunction and failure in renal transplant

recipients; HCT recipients frequently experience hematuria, cystitis, hemorrhagic cystitis (HC),

and renal dysfunction. Studies of HCT patients have identified several risk factors for the

development of BKV disease including myeloablative conditioning, acute graft-versus-host

disease, and undergoing an umbilical cord blood (uCB) HCT. Although these risk factors indicate

that alterations in the immune system are necessary for BKV pathogenesis in HCT patients, few

studies have examined the interactions between host immune responses and viral reactivation in

BKV disease. Specifically, having BKV immunoglobulin-G before HCT does not protect against

BKV infection and disease after HCT. A limited number of studies have demonstrated BKV-

specific cytotoxic T-cells in healthy adults as well as in post-HCT patients who had experienced

HC. New areas of research are required for a better understanding of this emerging infectious

disease post HCT, including prospective studies examining BK viruria, viremia, and their

relationship to clinical disease, a detailed analysis of urothelial histopathology, and laboratory

evaluation of systemic and local cellular and humoral immune responses to BKV in patients

receiving HCT from different sources, including uCB and haploidentical donors.
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BK virus (BKV) is a small non-enveloped double-stranded DNA virus in the

Polyomaviridae family (1). Similar to other polyomaviruses, BKV is host-species specific

and infects only humans (1). Although the exact mode of transmission has not been fully

elucidated, a urine-oral route is considered the primary route of infection (2). Primary

infection with BKV often occurs early in childhood and is usually asymptomatic. Thereafter,

BKV remains latent in the urothelial cells (3).

With the increasing use of hematopoietic cell transplantation (HCT) as a treatment modality

for hematologic malignancies, BKV DNA is frequently detected in the urine and blood of

these immunocompromised patients (4). Furthermore, newer sources of hematopoietic cells,

such as umbilical cord blood (uCB), are being increasingly used in HCT. Patients who

undergo transplantation with these hematopoietic cells experience delayed immune

reconstitution and may be more susceptible to viral reactivation (5). Deficits in cellular

immunity can contribute to the immune system’s inability to control BKV replication and to

prevent the resulting end-organ disease (6); however, the immune response to BKV after

HCT is poorly understood.

In addition, although various interventions have been used in an attempt to treat BKV-

associated hemorrhagic cystitis (HC), no treatment has established efficacy (7–12).

Management is usually symptomatic and supportive, leaving clinicians and patients without

definite, effective treatment options. Therefore, it is crucial to better understand the

mechanisms of BKV infection and pathologic processes in HCT patients, so that effective

treatments may be tested and developed to prevent and treat BKV clinical disease that can

be associated with substantial morbidity.

Epidemiology in immunocompetent persons

Primary infection with BKV is thought to occur in childhood or early adulthood, as available

serologic data show a seroprevalance rate of over 80% (13, 14). BKV seroprevalence rises

with age, and BKV has been detected by hemagglutination inhibition tests in approximately

90% of a study population by age 40 (13). Another study reported an 82% seroprevalence of

BKV immunoglobulin-G (IgG), detected by enzyme immunoassay, in 400 healthy blood

donors (15). Although most initial clinical presentations are asymptomatic, some children

can present with mild fever, a mild respiratory illness, or transient cystitis (3). Although no

BKV polymerase chain reaction (PCR) assays are approved by the US Food and Drug

Administration, and no standardization exists among current BKV PCR assays, BKV has

been detected in blood and urine by PCR assays targeting different regions of the BKV

genome, including those that encode the T antigen and the capsid proteins VP1 and VP2

(16). BKV has been detected by PCR of the urine in 5–44% of asymptomatic,

immunocompetent adults from ages 20–89 years (15, 17–19), in 41% of pregnant women

(20), and in 8–58% of human immunodeficiency virus-positive patients (21–23).

Asymptomatic detection of BKV in the urine could be a consequence of periodic viral

reactivation in the setting of physiologic triggers, such as a concurrent systemic illness or

waning cellular immunity against BKV during pregnancy or human immunodeficiency virus

infection. BKV is usually not detected in the blood of healthy individuals.
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Epidemiology in immunocompromised persons

BKV particles were first identified by electron microscopy of recipient urine and donor

ureteral epithelial cells from a patient who developed ureteral fibrosis and obstruction after

kidney transplantion in 1971 (Fig. 1) (24). His initials, “BK,” were used to name the virus.

Subsequently, BKV antigens were detected by indirect immunofluorescence in the urine of 3

patients receiving chemotherapy for underlying malignancy in 1975 (25).

Although BKV can be detected in the urine of up to 44% of asymptomatic healthy adults, it

is not associated with any clinical disease in these individuals (15, 17–19). In patients who

have undergone renal transplantation or HCT, BKV reactivation (active viral replication

after a period of latency [26]) and disease can result in significant renal and urinary tract

pathology; BKV reactivation can lead to nephropathy, ureteral stenosis, and cystitis in these

patients. The prevalence of BK viruria has been reported to be 30–57% in renal transplant

recipients, slightly higher than the prevalence in the healthy population. (15, 19). The

frequency of BKV nephropathy is 1–10%, diagnosed at an average of 24 weeks post

transplant (range, 6–270) (27), and allograft loss is thought to occur in approximately half of

these cases (28–32). BKV reactivation after HCT has been associated with cystitis, HC, and

renal failure (33–36), with a reported cumulative incidence of HC up to 30% at 1 year after

HCT (37). Other manifestations of BKV disease after HCT are limited to case reports.

Histopathology and diagnosis

In renal transplant recipients, BKV infected kidneys show intranuclear viral inclusions in the

tubular epithelial cells, with interstitial infiltrates of plasma cells and lymphocytes,

interstitial fibrosis, and tubular atrophy (27).

Drachenberg et al. (38) have developed a staging system for polyomavirus nephropathy

(PVN) in patients after renal transplant. This staging system, patterns A, B, and C, reflects

the progression of histologic changes of PVN, with pattern C describing end-stage PVN.

Although a systematic description of the histopathology of the urothelium infected by BKV

in HCT recipients has yet to be reported, we have observed the presence of polyomavirus on

immunohistochemical staining with SV40 antibody (which cross-reacts with BKV antigen)

of the bladder mucosa in an HCT patient with persistent BK viruria. Intranuclear inclusions

were present with no tissue inflammation (Fig. 2), indicating lack of an appreciable cellular

allograft immune response to BKV in that case, analogous to what has been described in

stage A PVN (38).

Identification of large decoy cells, consisting of BKV inclusions in the nucleus of epithelial

cells shed in the urine, was used in the past to diagnose BKV infection. However, it is

unclear if decoy cells represent asymptomatic viral reactivation rather than a sign of BKV

disease (2). More recently, urine and serum analysis using PCR has replaced detection of

decoy cells in most clinical laboratories (16). However, these sensitive assays cannot discern

between detection of asymptomatic viral reactivation and BKV disease.
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BK virus immunology in HCT

Humoral immune response

Although BKV IgG does not prevent viral reactivation nor provide protection from disease,

limited data suggest that quantitative BKV IgG may be of value in predicting BK viruria in

HCT recipients. Arthur et al. (34) found significantly higher amounts of BKV in the urine of

25 of 45 (56%) HCT patients with high BKV antibody titers at the time of transplant

compared with 0 of 7 HCT patients with low antibody titers at the time of transplant. A

study by Wong et al. (39) examined the humoral response to BKV in 76 HCT patients

before HCT, and showed that patients with an anti-BKV IgG of ≥ 1:20 pre-transplant had

higher peak BKV viral loads in the urine during the post-transplant period. Thus, higher

BKV IgG titers may predict higher BK viral burden (or true pre-transplant infection) and

could be used to identify HCT patients with higher risk for BKV reactivation, who require

closer monitoring.

Cellular immune response

A small number of studies have examined the cellular immune response in peripheral blood

to BKV in healthy controls and in patients who have undergone HCT. The cellular response

to BKV antigen in 13 healthy human leukocyte antigen (HLA)-A*02–positive healthy blood

donors was examined by Zhou et al. (40). Nine of 13 subjects were seropositive for BKV by

hemagglutination assay. Peripheral blood mononuclear cells from all donors were stimulated

with BKV large T and VP1 peptides to determine CD8+ and CD4+ T-cell responses. Four of

9 (44%) BKV-seropositive patients had functional CD8+ and CD4+ T-cell responses to

specific BKV antigens. This study showed that less than half of the seropositive healthy

individuals in the study demonstrated detectable cellular immune responses to BKV. A

recent study characterized rarely detected BKV VP1-specific CD8+ T cells in 5 HLA-A*02–

positive healthy controls (41). The detected BKV VP1-specific CD8+ T cells are

polyfunctional and present distinct phenotypes that differ from those CD8+ T cells specific

to Epstein–Barr virus and cytomegalovirus. However, neither of these studies collected urine

and blood for detection of BKV in the study subjects. Although BKV is usually not detected

in the blood of healthy individuals, it is not known whether detection of host cellular

immune responses against BKV correlates to viral shedding in the urine. Furthermore,

additional BKV antigens may be able to elicit cellular immune responses in the remaining

BKV-seropostive study subjects. Also, it is unclear if these findings can be applied to HCT

patients and non-HLA-A*02–positive patients.

BKV cellular immune responses in HCT has been examined in one small study. Functional

BKV-specific CD8+ T-cells were detectable in the peripheral blood in 5 of 7 (71%) HCT

recipients who had experienced HC in the post-transplant period (42). This result was

compared to detection of BKV-specific T cells in 7 of 26 (28%) healthy volunteers. Positive

HLA-A*0201–restricted BKV-dominant epitope VP1p108 tetramer staining in all 5 BKV HC

patients confirmed the presence of BKV-specific CD8+ T cells. Although this retrospective

study provides some insight into the development of virus-specific CD8+ T cells in HCT, the

sample size is small, and study is limited to HLA-A*0201–positive subjects. Furthermore, it

is unclear at what timepoint post HCT the peripheral blood was collected, making it difficult
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to conclude if these functional CD8+ Tcells were present before or developed after cellular

immune reconstitution in these HCT patients.

These immune response studies were performed on patients whose hematopoietic cell

donors were adults. Patients who undergo uCB or haploidentical-donor HCT may have

different immune responses to BKV. A better understanding of the onset and timing of BKV

cellular immune response is crucial in clarifying BKV pathogenesis in HCT and if

variability exists among different sources of hematopoetic cells.

Clinical manifestations and spectrum of BKV disease in adult HCT

recipients

The association between BK viruria in HCT recipients and HC was first proposed by Arthur

et al. (34) in 1986. Although HC has been the most frequent disease described thereafter,

multiple cases have been reported of other manifestations of BKV infection and diseases, in

and outside of the renal system (Table 1) (43–55). These case reports indicate that BKV

reactivation can potentially cause a variety of diseases in HCT patients, but the diagnosis of

BKV infection or disease may be delayed or missed because of a lack of knowledge of the

broad clinical disease spectrum of BKV.

Hemorrhagic cystitis (HC)

HC, defined as inflammation with subsequent bleeding of the bladder lining, can be caused

by different etiologies (36, 56, 57) and has been previously divided into 2 categories

according to onset in relation to neutrophil engraftment after HCT (Table 2) (33, 34, 37, 58,

59). HC is a common problem in HCT: although one study reported a 6.4% incidence of HC

in 1402 patients undergoing HCT at a single center (60), other studies have reported HC

cumulative incidences of 12–50% in similar study populations (6, 33, 34, 61). Several

studies have reported an increased incidence of HC in patients who have undergone

allogeneic HCT compared to autologous HCT (4, 34, 62–64).

In 8 studies evaluating HC in adult HCT recipients (6, 34, 61, 65–70) patients developed HC

at a median of 50 days (range, 1–380) after transplantation (Fig. 3). When comparing

median days of onset of HC to neutrophil engraftment in these studies, HC was consistently

a post-engraftment event in adults, occurring at an average of 76 days (range, 37–151) post

HCT, whereas the median date of neutrophil engraftment ranged from 15 to 21 days (6, 34,

37, 65–70).

In 7 studies totaling 1068 adult allogeneic and autologous HCT patients, 165 (15%) cases of

HC were reported, of which 23 (14%) were in recipients of autologous HCT (6, 65–70).

Although several studies report a majority of post-engraftment HC cases (65, 66, 69),

uniform and consistent definitions are not used to make this distinction. Among those

diagnosed with HC, 103 cases (62%, 9.6% of all patients) were associated with BK viruria

(6, 65–70) (Table 3). Causes of HC in the remaining 62 (38%) cases include JC virus in 1

patient (67), adenovirus in several patients (65, 70), and unknown etiologies in the

remainder. Other outcomes, such as concurrent viral infections, acute graft-versus-host
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disease (GVHD), and death were not reported in all studies. Two of these studies report a

median onset of BK viruria of 15 days (range, 2–57) and 21 days (range, 14–98) after HCT

(6, 68). On the other hand, post-engraftment BK viruria is not always associated with HC. In

5 adult studies totaling 671 HCT patients (6, 66–69), 547 patients did not experience HC,

227 patients (41%) of whom had BK viruria.

BK viremia and HC

Although BK viruria has been detected in 5–44% asymptomatic healthy individuals (15, 19),

BK viremia has only been reported in immunocompromised patients. Therefore, detection of

BK viremia could be a more specific indication of severe immunosuppression. But is BK

viremia a marker of active HC in HCT? Few studies have assessed BK viremia and its

relationship to HC. In a retrospective case-control study using archived plasma samples

from 1979–2003, Erard et al. (58) found that adult HCT patients with a plasma BK virus

load >104 copies/mL had a higher risk of developing HC than patients with a viral load <104

copies/mL (odds ratio=21; P<0.001). O’Donnell et al. (50) reported that BK viremia was an

independent predictor for the development of post-HCT renal impairment in 21 of 112

(19%) patients who had BK viremia. These data suggest that using BK viremia as a marker

of BKV-associated HC could be of value, but evidence is limited due to small numbers of

patients and a predominance of non-contemporary retrospective study designs. In studies

with larger groups of patients in which BK viruria was assessed, BK viremia was not always

measured (6, 34, 65–67, 69). Therefore, the significance of BK viremia and its relationship

with BKV-associated HC needs to be further studied.

Risk factors for developing HC after HCT

Several risk factors for developing HC in adult HCT have been reported, including both

recipient and donor factors (Table 4) (65–67, 69–71). In addition, Silva et al. (69) reported

that 80% of the patients who developed HC in their cohort did so after neutrophil

engraftment, leading the authors to conclude that an alloimmune response consisting of

newly formed neutrophils facilitated the bleeding episodes.

Risk factors for developing BK viruria and BKV disease after HCT

Few studies have looked at specific risk factors for the development of BK viruria and BK

virus disease after HCT. Myeloablative conditioning was found to be a primary risk factor

for developing BK viruria and BK virus disease in several studies (51, 66, 67). In addition,

use of cyclophosphamide in the conditioning regimen, mycophenolate mofetil for GVHD

prophylaxis, experiencing acute GVHD grades II–IV, and undergoing uCB HCT were found

to be significant risk factors for the development of BKV disease in one study (51).

How does BKV cause disease after HCT?

Studies have shown that a large percentage of the healthy population is exposed to BKV by

the age of 10 (13). Clinical manifestations of infection are mild if not asymptomatic, leading

to the conclusion that BKV is a pathogen of low virulence in those persons who have an

intact immune system (72).
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Leung et al. (73) have suggested a model of BKV disease in which cyclophosphamide-based

chemotherapy and radiation cause direct injury to the epithelial cells of the bladder, which

act as a “trigger” for BKV to emerge from latency and start replicating. Details on how this

occurs are unknown. The host is unable to respond to replicating BKV in this setting, as

innate and adaptive immune responses are weak owing to the effects of HCT conditioning.

BKV replication is detected in urine, but at this timepoint patients are asymptomatic. As the

new host immune system recovers, recognition of and an attempt to control replicating BKV

occur, leading to host-mediated uroepithelial cell damage via an inflammatory response, and

clinical BKV disease manifests in a variety of genitourinary signs and symptoms (72).

Our clinical observations and other publications (51, 74) suggest that this model should be

expanded to include factors that alter the host immune response over time, as well as factors

involved in host-pathogen interactions (72). Leung’s model (73) does not account for HCT

patients who receive hematopoietic cells from HLA-mismatched donors, have reduced-

intensity conditioning, undergo uCB HCT, or develop initial BKV disease later after

transplantation in the setting of acute GVHD. Higher incidence of BKV reactivation occurs

in HLA-mismatched and in uCB HCT recipients than in other allogeneic HCT patients.

These observations suggests a crucial role played by major histocompatability complex-

based viral recognition as uCB HCT often can allow greater degrees of HLA mismatching.

Inadequate HLA matching likely results in poor presentation of viral epitopes to BKV-

specific CD8+ cytotoxic T cells and decreased viral clearance, as is demonstrated by

cytomegalovirus infection in kidney transplantation patients (75, 76). Furthermore, in kidney

tranplantation patients, greater degrees of HLA mismatching have been associated with

increased incidences of BKV-associated nephropathy (30, 77, 78). In a small study of

pediatric HCT patients (n = 40), a greater degree of HLA mismatching was associated with

increased detection of viral DNA, including BKV, in blood post HCT (79). Also, HLA

mismatching leads to increased risk of acute GVHD, so the higher incidence of BKV disease

could be a result of the additional immunosuppression associated with GVHD and its

treatment. Thus, while HLA mismatching may be important for better control of BK viral

reactivation in HCT patients, the exact mechanisms needs to be further elucidated,

especially in adult patients.

On the other hand, the host immune response may not be the sole factor for the development

of BKV disease in HCT patients. Patients who undergo uCB HCT and others can develop

BKV disease pre-engraftment, without having received cyclophosphamide-based

conditioning or radiation. Patients can also develop BKV disease late in the transplantation

course, during treatment of acute or chronic GVHD. These circumstances suggest that loss

of immune control, without inciting cytotoxic injury, may lead to BKV reactivation and

disease. These facts also suggest that clinical disease may be a result of direct viral cytotoxic

effects in the setting of intense immunosuppression and not solely caused by immune

reconstitution. No animal models exist to explore these questions systematically, and no

histopathologic studies of BKV disease in HCT have been reported.

However, if the host gains immune control of the virus, several outcomes may ensue,

including (a) resolution of BKV viruria without clinical disease, (b) resolution of
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genitourinary signs and symptoms without sequelae, or (c) post-BKV disease manifested by

bladder and urinary tract scarring. Host and pathogen factors associated with these outcomes

have not yet been studied.

BKV diagnostics in HCT

Distinguishing asymptomatic reactivation from BKV disease is important. Detection of

decoy cells and BKV DNA in the urine does not confirm BKV disease, and often represents

asymptomatic reactivation (2, 16). No study has evaluated the simultaneous presence of

decoy cells and BKV DNA in the urine of post-HCT patients who have HC. The sensitivity

of alternate diagnostic tests to confirm BKV disease, such as the detection of BKV VP1

messenger RNA in the urine (80), have not been studied in post-HCT patients. The

combined sensitivity of BKV DNA detection in the blood and BKV VP1 messenger RNA in

the urine of patients post HCT also have not been studied.

Management of BKV infection

No standardized screening guidelines exist for BKV infection in patients who have

undergone HCT, with no effective antiviral treatment for BKV. Treatment of BKV-

associated HC is currently controversial. Use of varying doses of intravenous cidofovir (8, 9,

81, 82) and intravesicular cidofovir (7, 81, 83–85) has been reported, but these have not

been studied in a randomized, controlled, or prospective fashion. Ciprofloxacin prophylaxis

was associated with a reduced incidence of BKV-associated HC after HCT in a small

retrospective study (86). Leung et al. (12) performed a prospective study in which

ciprofloxacin treatment was shown to decrease the median peak BKV urine viral loads, but

ciprofloxacin did not change the rates of severe HC in treated and untreated groups. In

addition, ciprofloxacin did not prevent reactivation of BKV infection in all patients. Larger

randomized, placebo-controlled, prospective studies are needed to clarify the use of

quinolones and other agents for treatment of BKV-associated HC.

Conclusion

BKV is often detected in post-HCT recipients, and is frequently associated with HC (6, 65–

70). Although HC can be caused by several etiologies, it is strongly associated with BKV

viruria and possibly, BKV viremia. In addition to HC, BKV disease can manifest with a

range of symptoms (51) and affect various organ systems.

Future directions

Additional work is necessary to better understand BKV and the underlying immune

response to this viral infection after HCT. Analysis of the spectrum of histopathologic and

tissue-specific immunologic events in the bladder, ureters, and kidney caused by BKV in

HCT patients is needed. Studies have attempted to identify risk factors for BKV infection

after HCT, but currently no consensus exists, as host-pathogen interactions that lead to

clinical disease have not been studied. No studies have defined the histopathology of BK

disease in HCT. Furthermore, while HCT patients are often critically ill, the outcomes of

BK-associated diseases are not well studied.
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The host immune response to BKV also has not been well studied. Although prior exposure

to BKV and development of IgG does not prevent viral replication, cellular immune

responses have been evaluated in a very small group of patients with BKV disease, and this

area currently remains largely unexplored. In healthy individuals, the triggers of viral

shedding in urine is not well understood, and correlations of BK viruria with alterations in

host immune responses or other concurrent viral infections have yet to be defined. In HCT

patients, where BK-associated diseases affect several end organs, it remains unclear whether

the reconstituted host cellular immune responses to the reactivating BKV are in fact

destroying uroepithelial cells, resulting in HC. Futhermore, the role of host immune

responses in BK-associated diseases other than HC are also not understood. In addition,

studies are needed to characterize the allograft immune responses produced by the less

mature uCB cells. With better understanding of host cellular immune responses, novel

therapies such as cell-based immunotherapies may be beneficial in the HCT population.

Therefore, prospectives studies assessing BKV viruria, BKV viremia, and clinical

manifestations of infection and host immune responses are needed for a better understanding

of this viral infection and the associated significant diseases.
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Abbreviations

BKV BK virus

HCT hematopoietic cell transplantation

HC hemorrhagic cystitis

uCB umbilical cord blood

IgG immunoglobulin-G

PCR polymerase chain reaction

PVN polyomavirus nephropathy

HLA human leukocyte antigen

GVHD graft-versus-host disease
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Fig. 1.
A. BK virus particles from the urine (× 180,000). B. BK virus particles (V) in nuclei (N) of

epithelial cells lining the lumen (L) of the donor ureter. (× 6000). (Inset: virus particles in

outlines area, × 22,500.) From (24) Gardner S, Field A, Coleman D, Hulme B. New human

papovavirus (B.K.) isolated from urine after renal transplantation. Lancet 1971; 297:

1253-1257, reprinted with permission from Elsevier.
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Fig. 2. Hematoxylin and eosin (H&E) and immunohistochemistry of the bladder of a patient who
died after hematopoietic stem cell transplantation with asymptomatic BK virus viruria
Pictures obtained during autopsy performed on a patient with asymptomatic BK viruria who

had undergone double umbilical cord blood stem cell transplant and died of unrelated

causes. On H&E staining (A), basophilic smudgy intranuclear inclusions are seen within the

urothelium, which were positive for polyomavirus on immunohistochemistry (B, arrow). No

evidence of inflammation is seen within the bladder.
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Fig. 3. Hemorrhagic cystitis (HC) in adults following bone marrow transplantation
For each study the range of reported onset of HC is represented by a horizontal line and the

median onset is represented by a small vertical line. Weighted average of the median of all 8

studies (6, 34, 65–70) was calculated to be 76 days after hematopoietic cell transplantation.

CST, conventional stem cell transplantation; RST, reduced-intensity stem cell

transplantation; BMT, bone marrow transplantation.
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Table 1

Complications of BKV infection other than hemorrhagic cystitis (43–55)

Complication (reference) Evidence of BKV infection or disease (reference)

Dysuria, hematuria, urgency/frequency, flank pain, bladder spasms (51)Obstructive
nephropathy (46)

BKV urine PCR +

Renal tubulointerstitial disease (47, 48, 50, 53, 54) IHC and/or EM +

BK viruria

BK viremia in 4 patients (48, 50, 53)

Encephalitis (44, 45, 49) BKV CSF PCR +

BKV PCR brain tissue + (49)

No histopathology (44, 45)

No brain tissue staining

Pneumonia (43, 55) SV40 lung tissue stain +

viral intranuclear inclusions (43)

lung tissue cell culture BKV + (55)

lung tissue BKV PCR + (55)

Pneumonitis (52) BAL fluid with cells resembling decoy cells

IHC +

BKV, BK virus; ICH, immunohistochemistry; EM, electron micrograph; CSF, cerebrospinal fluid; PCR, polymerase chain reaction; BAL,
bronchoalveolar lavage.
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Table 2

Etiologies of hemorrhagic cystitis

Pre-engraftment Post-engraftment

Etiologies Coagulopathy Adenovirus

Chemotherapy BK virus

Radiation therapy Cytomegalovirus

Thrombocytopenia Coagulopathy

JC virus*

Thrombocytopenia

Pre-engraftment: before neutrophil engraftment; Post-engraftment: after neutrophil engraftment.

*
1 case reported.
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