
93© Springer Nature Switzerland AG 2019
O. Manuel, M. G. Ison (eds.), Infectious Diseases in Solid-Organ Transplant  
Recipients, https://doi.org/10.1007/978-3-030-15394-6_8

J. Schaenman (*)
Division of Infectious Diseases, Department of Medicine, David Geffen School of Medicine 
at the University of California Los Angeles, Los Angeles, CA, USA
e-mail: JSchaenman@mednet.ucla.edu

C. Sabrina Tan
Department of Medicine, Division of Infectious Diseases, Center for Virology and Vaccines 
Research, Harvard Medical School, Boston, MA, USA
e-mail: CTan@bidmc.harvard.edu

8Prevention and Treatment 
of Polyomavirus-Associated Diseases

Joanna Schaenman and Chen Sabrina Tan

8.1  Description of Pathogens

The human polyomaviruses are ubiquitous non-enveloped DNA viruses in the 
Orthopolyomavirus genus and the Polyomaviridae family [1]. BKV was first iso-
lated from the urine of a kidney transplant recipient with the initials of “BK,” who 
presented with ureteric stenosis and obstruction [2]. JCV was initially isolated from 
the brain of the lymphoma patient with the initials of “JC,” who had multiple areas 
of demyelination in the brain.

BKV and JCV are small non-enveloped double-stranded DNA virus with approx-
imately 5 Kb of genome, which encodes the capsid proteins—VP1, 2, and 3, large 
T antigen, small T antigen, and agnoprotein. The genome also contains a ~200 bp 
noncoding region which serves as binding sites for transcriptional factors. Due to 
lack of viral DNA polymerase, BKV and JCV use the host machinery for viral rep-
lication. Multiple genotypes of each virus have been identified based on nucleotide 
differences in VP1; the distributions of specific genotypes are used as markers to 
trace human migrations throughout the world [3].
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8.2  BKV

8.2.1  Definitions and Epidemiology

Asymptomatic primary infection with BKV most likely occurs in childhood. 
Seroprevalence worldwide is 65–90% and increases with age [4]. After primary 
infection, BKV resides in the kidney tubular epithelial cells. Occasional viral rep-
lication occurs as BKV is detected in the urine of up to 10% of healthy individuals. 
BKV viuria is not associated with any disease in healthy individuals. Active BKV 
replication is associated with diseases in immunosuppressed individuals, specifi-
cally, those with kidney transplants and those with hematopoietic stem cell trans-
plant. After kidney transplant, BKV can be detected in urine (~30%) and blood 
(10–20%) of the recipients. Patients with viremia are at risk of developing 
BKV- associated nephropathy (BKVN), which occurs in 1–10% of kidney 
transplant recipients [5] (Table  8.1). Up to about half of those with diagnosed 

Table 8.1 BKV definitions

Term Definition
Clinical implication/action 
suggested

BK viuria Detectable BKV from urine by PCR 
testing

Predictive of BK viremia, 
suggest check BKV in plasma

BK viremia Detectable BKV from plasma •  High viral load is predictive 
of development of BKVAN

•  Threshold for clinical 
response not well defined

•  Monitor renal function
•  Consider reduction in 

immunosuppression and/or 
biopsy

BKV-associated 
nephropathy 
(BKN)

Kidney dysfunction in association with 
detection of BKV by PCR in blood in 
(presumptive) or detected by biopsy 
(proven). Grading by Banff criteria [16]

Reduce immunosuppression 
(see Fig. 8.1)

BKN: Class 1 •  ≤1% of all tubules/ducts with viral 
replication

•  Interstitial fibrosis in up to 25% of 
cortical area (mild interstitial fibrosis)

As above

BKN: Class 2 Either
•  ≤1% of all tubules/ducts with viral 

replication with interstitial fibrosis in 
≤25% of cortical area (moderate to 
severe interstitial fibrosis)

•  or >1% to ≤10% of all tubules/ducts 
with viral replication with any level of 
interstitial fibrosis

•  or >10% of all tubules/ducts with viral 
replication with mild interstitial fibrosis

As above

BKN: Class 3 •  >10% of all tubules/ducts with viral 
replication with mild interstitial fibrosis 
with moderate to severe interstitial 
fibrosis

As above
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nephropathy will sustain graft loss. The majority of the BKVN cases occurs during 
the first year post transplant [6]; risks of developing BKVN include male sex, age, 
ureteric stents, donor seropositivity, increased levels of immunosuppression, and 
use of tacrolimus [7, 8]. Evidences show that most viral strains are from the donor 
[9, 10]. BKV viuria and viremia can occur in transplant recipients of other solid 
organs, such as the heart, liver, and lung, but at low incidences of 20% and 3%, 
respectively. These patients rarely progress to nephropathy absent a transplanted 
kidney [11]. Persistent viremia may also increase the risk of developing de novo 
donor-specific antibodies [12].

The detection of BKV in the urine has also been associated with genitourinary 
tumors [13].

8.2.2  Screening

BKV screening is performed post kidney transplant to reduce nephropathy and 
prevent graft loss. AST and KDIGO recommended systematic screening for 
BKV by PCR detection in kidney transplant recipients: monthly for the first 
6 months after transplant and then every 3 months thereafter until 2 years [14, 
15] (Fig. 8.1). Some centers screen urine for decoy cells, although this approach 
is less sensitive compared with PCR detection. Detection of the virus in urine is 
in of itself not associated with nephropathy. In those patients who go on to 
develop BK viremia, detection of virus in the urine usually precedes viremia by 
4–12 weeks. Although specific virus quantity thresholds have not been prospec-
tively developed, a blood viral load >10,000 copies/ml is highly associated with 
nephropathy.

8.2.3  Diagnosis

While detection of BKV in blood greater than 4log10 copies/ml is presumptive 
of nephropathy in the kidney, pathological findings in kidney tissues obtained 
from biopsy are the gold standard in diagnosing BKV-associated nephropathy 
(BKN, also termed polyomavirus nephropathy (PVN) (Fig. 8.2). Histologically, 
BKN is categorized into three groups based on the latest Banff Working  
Group classifications, correlating to both increased creatinine and increased 
risk of graft loss from 16% to 31% to 50% [16]. Class 1, defined as involve-
ment of ≤1% of all tubules/ducts with viral replication with minimal intersti-
tial fibrosis, represents early-stage disease with favorable outcomes. Class 2 is 
defined as either minimal viral replication with more severe interstitial fibro-
sis or >1% to ≤10% of all tubules/ducts with viral replication. Class 3 carries 
the most severe prognosis and is defined as >10% of all tubules/ducts with 
viral replication. These classifications provide prognostic information at the 
time of kidney biopsy [16]. Of note, due to nonuniform involvement of the 
kidney, kidney biopsy may fail to detect BKN resulting in a false- negative 
biopsy [14].

8 Prevention and Treatment of Polyomavirus-Associated Diseases
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8.2.4  Prevention

Systematic screening for evidence of BKV replication is effective in preventing 
disease when followed with reduction of immunosuppressants to promote adaptive 
anti-BKV immune responses [17] (Fig. 8.1). A general approach is to either reduce 
calcineurin inhibitors 25–50% and mycophenolate by 50% at onset of viremia [14, 
15]. Further reduction may be needed with persistent viremia. Switching immuno-
suppressants to an mTOR inhibitor has been hypothesized and tried, based on the 
evidence that BKV uses the mTOR pathway for viral replication [18, 19].

Serum* BKV DNA monthly x 6, then month 9, 12, then annually or
When allograft dysfunction occurs or
When allograft biopsy is performed or

After treatment of acute rejection

Reduction in immunosuppressionb

Repeat in 2-4 weeks until clear

YesBK load increase 

Yes

BK not detecteda 

Repeat in 2 weeks→BK load increase on repeat testing

1. Consider biopsy if increase SCr and/or BK > 104 copies/mL
2. Consider holding MFA derivatives (or antimetabolite) and/or decrease CNI if not already done
3. May consider adjunctive antiviral agents although benefit is uncertainc

BK nephropathy Acute rejection + BK nephropathy

Treat acute rejection 1. Hold MFA derivatives (or
 antimetabolite) and/or
 decrease CNI if not
 already done

2. Consider IVIG or CNI to
 mTOR inhibitor switchc

1. Treat AR with subsequent
 decrease in maintenance
 immunosuppression

2. Consider IVIGc

3. Consider CNI to mTOR inhibitor
 switchc

BK not detected  
on repeat testing  

“No” or “Improving”

Acute rejection (AR)

BK ≤ N copies/mLa BK > N copies/mLaBK not detected  
on repeat testing  

Suggested approach for screening & management of BKV-associated clinical syndromes 

Fig. 8.1 BKV screening and management after kidney transplantation. *Alternatively screen with 
urine BKV PCR; perform serum testing if positive. aNo standardized PCR assays for BKV are 
currently available. Cutoff levels for viral detection should be based on PCR assays used at indi-
vidual institutions. N signifies the threshold established at each institution for BKV serum PCR 
positivity in copies/ml. bCommon practice: (1) decrease or hold MFA derivatives (or antimetabo-
lite), (2) decrease (MFA + CNI) by 25–50%, (3) decrease CNI. cEvidence-based recommendations 
are lacking (ongoing clinical trials). May avoid long-term nephrotoxic effect of CNI therapy. Not 
recommended in patients with baseline significant proteinuria (arbitrarily defined as >500 mg/24 h 
or at the discretion of the clinician). SCr serum creatinine, MFA mycophenolate acid, CNI calci-
neurin inhibitor, AR acute rejection, BKN BK nephropathy, mTOR mammalian target of rapamy-
cin, IVIG intravenous immunoglobulins, CSA cyclosporine. Adapted from Pham PT, Schaenman J, 
Pham PC. Medical management of the renal transplant recipient: Infections and malignancies. In: 
Johnson RJ, Feehally J. Comprehensive Clinical Nephrology. Sixth Edition. Elsevier Saunders, 
Philadelphia, PA
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8.2.5  Treatment

There is no effective antiviral against BKV [20]. The mainstay of treatment is to 
reduce immunosuppression as discussed above [17, 21]. This is balanced with risk 
of rejection. The goal of reduction of immunosuppression is to restore adaptive 
immune responses against BKV. Specifically, BKV-specific T cell with polyfunc-
tionality is crucial in control of viremia [22, 23]. Therefore, there is potential for 
harnessing adoptive T cells as treatment for BKV [24, 25].

While most patients have prior exposure to BKV and detectable antibodies 
against the virus, genotype-specific neutralizing antibodies may be required for 
control of viremia [26]. The BKV-neutralizing antibodies are specific to genotypes 
and do not cross react. This knowledge supports a potential role for developing 
broadly neutralizing antibodies against BKV and the use of intravenous infusion of 
pooled immunoglobulins (IVIG) [27]. Although case reports indicated control of 
viremia with IVIG [28], a randomized double-blinded clinical trial is underway to 
determine efficacy of this treatment.

Several potential medications have been studied in treatment of BKV viremia. 
Leflunomide, a pyrimidine synthesis inhibitor, has been given to kidney transplant 
recipients with BKV viremia with mixed effect [17, 29–32]. The drug was given 
in conjunction with reduction in immunosuppression in all cases, and a 

b

c

50,000 X

d

a

Fig. 8.2 BKN histology. Hematoxylin and eosin stain demonstrating tubular epithelial cells with 
viral inclusions and interstitial inflammation in (a, b). SV-40 antibody stain showing BKV-infected 
cells in (c), and electron microscopy image captured the BK virus (d). Images a–c courtesy of Dr. 
Fernando Palma-Diaz. (a) Hematoxylin and eosin stain, showing tubular epithelial cells some with 
viral inclusions along with interstitial inflammation. (b) Hematoxylin and eosin stain; tubular atro-
phy and surrounding interstitial inflammation. (c) Immunohistochemistry staining for the SV40 
antigen demonstrates nuclear staining in infected cells. (d) Ultrastructure of BKV-associated 
nephropathy. Virions are arranged in a paracrystalloid structure within a tubular epithelial cell 
nucleus.
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meta-analysis comparing drug effect to immunosuppression alone did not show a 
difference [33]. Based on in vitro demonstration of viral inhibition by DNA gyrase 
inhibitors, fluoroquinolones have been also tried in the prevention and treatment 
of BKV infections. Two randomized studies failed to find clinical efficacy of fluo-
roquinolones in prevention and treatment of BKV viremia [34, 35]. Cidofovir, a 
nucleotide analogue, showed mixed effect in a non-randomized cohort study and 
in several case reports [36] but all in conjunction with reduction of immunosup-
pressants. There was no difference in a meta-analysis of reduction of immunosup-
pression with cidofovir compared to reduction alone [17]. Brincidofovir, a 
cidofovir with a lipid tail to enhance transport across the cellular membrane, is an 
antiviral drug in development that has shown promise as an anti-BK virus agent in 
cell culture and in case reports [37, 38]. However, efficacy of this drug in treat-
ment of BK virus infection remains to be determined. Switch to mTOR inhibitors 
may also be of benefit, as suggested by the observed lower incidence of BKV and 
BKAN in patients receiving sirolimus, and a current randomized controlled trial 
is underway. T cell transfer of immunity is another promising avenue for treat-
ment currently under development.

8.3  JCV

8.3.1  Definition and Epidemiology

JCV infects 30–90% of the general adult population worldwide, depending on the 
assay and region [39]. Specific strains of JCV can be used to trace human geo-
graphic migrations over time. Primary infection is believed to be asymptomatic and 
transmitted via urine or fecal to oral route. Although JCV is thought to be latent in 
the kidney tubular epithelium after primary infection, virus is detected in the urine 
of up to 30% of healthy individuals, indicating active replication. While viral shed-
ding in the urine by healthy individuals is not associated with any symptom or 
indicative of any disease, active viral replication in immunocompromised individu-
als is associated with disease. JCV-associated nephropathy and encephalopathy are 
rare but have been reported in transplant recipients [40–42]. More prevalent is the 
JCV replication in the brain, which causes the devastating disease progressive mul-
tifocal leukoencephalopathy (PML) in patients with immunosuppression such as 
HIV, patients with lymphoma, and patients treated with natalizumab—a monoclonal 
antibody against alpha 4 integrin for multiple sclerosis and Crohn’s disease 

Table 8.2 Diagnosing PML without histopathology

PML diagnosis CSF JCV PCR Clinical characteristics Radiographic images
Definite + + +
Probable + + −

+ − +

Possible − + +

J. Schaenman and C. Sabrina Tan
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(Table 8.2). PML is a rare disease in transplant recipients, as only 11 cases have 
been reported in recipients of liver transplant [43, 44]. However, the incidence of 
PML in heart and/or lung recipients in one center was 1.24 per 1000 post- 
transplantation person-year, indicating potentially more cases than those reported in 
literature. In patients with solid organ transplantation, the mean time to detection of 
first symptom is 27 months, with mean survival of 6.4 months.

8.3.2  Screening

There are no recommended screening tests for transplant patients. Screening for 
JCV serology has been extensively studied in patients with multiple sclerosis using 
the STRATIFY JCV index assay. A rise in the antibody index, defined as the ratio 
between quantities of antibodies in the patient serum to the positive control, can be 
seen in some patients after prolonged treatment with natalizumab and is associated 
with increased risk of developing PML [45]. The STRATIFY JCV index has a false- 
negative rate of up to 2.4% and a poor specificity rate of 40% in patients with high 
index value. However, this test has not been validated in transplant patients and 
other immunosuppressed patients. Given the rare incidence of PML in solid organ 
recipients, screening for JCV by serology titers or PCR detection is currently not 
recommended.

8.3.3  Diagnosis

The gold standard diagnostic test for PML is brain biopsy demonstrating demyelin-
ation, large bizarre astrocytes, and positive immunohistochemical staining with 
SV40 antibody. Electron microscopy will also show virion-filled cells.

When brain biopsy is contraindicated, presumptive diagnosis is made in clini-
cally appropriate context with CSF analysis, including JCV PCR, and radiographic 
images [46] (Fig. 8.3). CSF often demonstrates mild protein elevation and some 
lymphocytic pleocytosis. Glucose is usually within the normal range. PCR for JCV 
is positive in most cases. Magnetic resonance neuroimaging shows multiple and 
single areas of demyelination in white matter, irrespective of vascular boundaries. 
Involvement of gray matters can also be present in some cases. These lesions are T1 
hypointense and T2/fluid-attenuating inversion recovery hyperintense. Without 
PML–IRIS (immune reconstitution inflammatory syndrome), there is no edema or 
mass effect (Fig. 8.4).

8.3.4  Prevention

Minimize immunosuppression. While risk of developing PML decreases with 
increased months post transplant, this risk is lifelong, as there are reported cases of 
patients developing PML years after transplantation.

8 Prevention and Treatment of Polyomavirus-Associated Diseases
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Transplant patients with progressive
neurological symptoms 

Perform LP to test
CSF or JCV PCR 

Algorithm for PML diagnosis

Mass lesions, gray and white
matter involvement, ring

enhancing lesions: consider
malignancy, infarct and other

infections

Definite PML

Biopsy: histology,
immunohistochemistry  

Perform MRI
with and
without

gadolinium

T2 or FLAIR 
images: high
intensity in

Cerebral white
and white/gray

junction     

± enhancement /
mild mass effect 

Positive

NegativeConsider other diagnosis:
vasculitis, PRES, VZV
leukoencephalopathy,

malignancy.  

Repeat CSF JCV
PCR

Negative

Negative

Positive

Fig. 8.3 PML diagnosis algorithm. FLAIR fluid-attenuated inversion recovery, PRES posterior 
reversible encephalopathy syndrome

a b

Fig. 8.4 MRI image of PM: brain magnetic resonance images of a 57-year-old woman with pro-
gressive multifocal leukoencephalopathy. High-intensity signals were present in the subcortical 
white matters in the left temporal lobe in T2-weighted image (a). These areas are hypointense in 
T1-weighted image (b) and do not enhance with gadolinium

J. Schaenman and C. Sabrina Tan
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8.3.5  Treatment

There is no effective treatment against JCV. The first step in treatment is to assess 
the balance of immunosuppression and infection risk of the patient. Reactivation of 
polyomaviruses is often an indication of overt immunosuppression. Multiple antivi-
rals and even some antibiotics have been tried, including cidofovir, mefloquine, 
ganciclovir, and leflunomide [47]. Based on the discovery of JCV’s use of serotonin 
receptors to enter cells, mirtazapine, a serotonin receptor antagonist, has also been 
used as treatment [48]. However, there is no data from clinical studies to support 
this use. Lastly, there is potential for use of ex vivo stimulated JCV-specific T cells 
to boost immune response and control viral replication [49]. In PML patients on 
monoclonal antibody treatments, plasmapheresis can remove the immune- restricting 
antibody in attempt to revive immune response. However, an IRIS response may 
follow removal.

Case fatality for PML after transplantation is high at 84% [44]. But the 1-year 
survival is 56%, comparable to HIV patients on HAART [50].

8.4  Other Human Polyomaviruses

Since 2007, the human polyomavirus family has now expanded to include newly 
discovered viruses [1]. They are names after places of discovery, KIPyV 
(Karolinska Institute), WUPyV (Washington University), MWPyV (Malawi), and 
STLPyV (St. Louis); associated diseases, MCPyV (Merkel Cell) and TSPyV 
(trichodysplasia spinulosa); and lastly in chronological order of discovery, HPyV6 
(human polyomavirus), HPyV7, HPyV9, HPyV12, and HPyV13. Known diseases 
associated with these viruses are Merkel cell carcinoma caused by MCPyV in 
immunocompromised patients, trichodysplasia spinulosa—a rare follicular dis-
ease caused by TSPyV in pediatric heart transplant recipients—and pruritic rash 
in lung transplant recipient caused by HPyV7 [51]. While KI and WU have been 
detected in the respiratory secretions in non-immunocompromised children, there 
are new reports of KIPyV association with respiratory symptoms in transplant 
recipients [52, 53].

General Approach General algorithmic approach to identifying and diagnosing 
focus of topic (introduced above) (Figs. 8.1 and 8.3).
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