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ARTICLE INFO ABSTRACT

Keywords: Background: There are limited data about the use and clinical value of JC polyomavirus (JCPyV) DNA detection in
Polyomaviruses various clinical indications.

JCPyV

Methods: We reviewed the clinical records of 410 patients from whom cerebrospinal fluid (CSF), plasma, urine, or
(PML) tissue samples had been collected for JCPyV DNA polymerase chain reaction (PCR) between 2012 and 2018.
Polyomavirus-associated nephropath Results: JCPyV DNA was analyzed in 224 plasma, 190 CSF-, 32 urine and 10 tissue samples. 240 patients had a
y phropathy
(PyVAN) history of hematopoietic stem cell or solid organ transplantation, 159 had nephrological disease, 90 had he-
matologic malignancies, 58 had neurological disease, 37 had infectious disease and 23 had AIDS/HIV as un-
derlying disease. Six patients had no underlying disease. The main reasons to take CSF or plasma samples were
neurological symptoms of unknown etiology. Most urine samples were taken to monitor kidney transplantation
patients. JCPyV DNA PCR contributed to the diagnosis of progressive multifocal leukoencephalopathy in eight
patients (2.0%), of which seven had hematologic malignancy as an underlying disease.
Conclusions: JCPyV PCR is most informative among immunosuppressed patients with neurologic symptoms. CSF
and brain biopsy are useful when there is clinical suspicion of PML, whereas plasma samples are not useful. The
value of plasma samples is a matter of dispute in the screening of JCPyV-associated nephropathy, as BK poly-
omavirus is the causative agent in most polyomavirus-associated nephropathy cases. JCPyV detection is valuable
in case the patient has past, current or planned treatment with immunosuppressive drugs.

Progressive multifocal leukoencephalopathy

PML Progressive Multifocal Leukoencephalopathy

List of abbreviations PyVAN Polyomavirus-Associated Nephropathy

AIDS Acquired Immune Deficiency Syndrome VP1 Viral Protein 1

BKPyV  BK Polyomavirus

CNS Central Nervous System 1. Background

CSF Cerebrospinal Fluid

DNA Deoxyribonucleic Acid JC polyomavirus (JCPyV) is a member of the Polyomaviridae family
GCN Granular Cell Neuronopathy and has a 5 kb double-stranded circular DNA genome. It is a highly
HC Hemorrhagic Cystitis ubiquitous and usually harmless virus, as demonstrated by detectable
HIV Human Immunodeficiency Virus antibodies in the majority of the healthy population [1, 2]. However,
HSCT Hematopoietic Stem Cell Transplantation JCPyV has been implicated in a number of diseases when reactivated, or
JCPyV  JC Polyomavirus upon primary infection in an immunocompromised host. The virus is
JCPyVAN JC Polyomavirus-associated Nephropathy best known for its association with progressive multifocal leukoence-
KT Kidney Transplantation phalopathy (PML).

NCCR  Non-Coding Control Region Recent Finnish and Swedish population-based studies report PML-
PCR Polymerase Chain Reaction incidences of 0.072-0.12/100,000 person-years [3, 4, 5]. The
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prerequisite for PML is profound suppression of cell-mediated immu-
nity, whether associated with diseases, such as lymphoproliferative
malignancies or HIV, or treatment with immunosuppressive or immu-
nomodulatory therapies as exemplified by natalizumab, a monoclonal
antibody inhibiting lymphocytes migration to the brain. The virus can
infect the granular cell layer of the cerebellum causing JCPyV neuron-
opathy (GCN) [6], characterized by a lytic infection by a JCPyV variant
harboring a mutation in the VP1 coding region. Because both PML and
GCN occur in the CNS, comorbidity is probable [7]. In rare cases JCPyV
may be the causative agent of aseptic meningitis. JCPyV encephalopathy
is caused by the infection of cortical pyramidal neurons and astrocytes
[8]. JCPyV has occasionally been found in the brain of healthy in-
dividuals as well [9].

Polyomaviruses persisting in the body can reactivate after kidney
transplantation (KT), causing renal dysfunction and graft loss. Although
the major cause of polyomavirus-associated nephropathy (PyVAN) and
hemorrhagic cystitis (HC) is the human BK polyomavirus (BKPyV) [10],
in rare cases JCPyV reactivation may also cause problems among KT
recipients. JCPyV-associated nephropathy (JCPyVAN) is a severe but
very rare complication in KT recipients, with the incidence 0.9% in a
cohort of 100 KT recipients [11]. Except for JCPyV replication in the
kidneys and strong immunosuppression as a significant risk factor [12],
other predisposing factors are not known. Asymptomatic JCPyV viruria
has been reported in 16.8% — 27.2% and viremia in 14.2% of KT re-
cipients [11], [13]. The presence of JCPyV in urine rarely signifies the
development of nephropathy, and also the role of JCPyV viremia in
evaluating the risk of PyVAN may be lower as compared to BKPyV [11].
JCPyV can also cause HC in hematopoietic stem cell transplantation
(HSCT) recipients [14].

Because PML was rare among non-HIV patients until mid-2000's
[15], there are limited data about epidemiology, overall incidence
trends and clinical characteristics of these patients. Even less is known
about other patient groups where JCPyV infection is suspected and
samples are taken for laboratory diagnosis. We conducted this study to
assess the background conditions and clinical characteristics of these
patients, as well as to establish which patient groups would benefit most
of JCPyV PCR testing.

With the real-world use of new and effective immunosuppressive and
immunomodulatory treatments, clinicians need to be aware of the
possibility of JCPyV caused diseases, especially among immunocom-
promised patients with emerging progressive cognitive or other neuro-
logical symptoms. Because there is no effective and safe antiviral
treatment, prevention of JCPyV reactivation and lytic infection is
imperative.

2. Methods

In this retrospective study we assessed the clinical indications and
the impact of JCPyV DNA testing in clinical practice in 2012-2018 in the
Helsinki University Central Hospital, which is a tertiary care center
serving a population of 1.5 million in southern Finland and a solid-organ
transplant center serving the whole country of Finland. Altogether 770
CSF, urine, plasma or tissue samples from 410 patients were taken. In
this study we included plasma samples of 224 patients, CSF samples of
190 patients, urine samples of 32 patients and tissue samples of 10 pa-
tients. From some patients repeated samples or different sample types
were taken. Quantitative PCR testing for JCPyV DNA from plasma, CSF
or urine and qualitative PCR for tissue samples was performed at the
Department of Virology and Immunology, Diagnostic Center of the
Helsinki University Hospital. Only patients with available medical re-
cords were included in the study. The data were obtained from the
Helsinki University Hospital records.

The requests for JCPyV PCR examinations came from individual
clinicians on clinical grounds only, without knowledge of this study.
Underlying disease, stem-cell transplantations, and solid organ trans-
plantations were recorded.
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The study protocol was approved by the review board of the
Inflammation Center at the Helsinki University Hospital.

2.1. JCPyV DNA PCR

Quantitative real-time PCR was performed essentially as described
previously for CSF [16].

Briefly, nucleic acids were extracted from 200 pl CSF using the
EasyMag extraction platform (bioMérieux, Marcy-1'Etoile, France) and
eluted into 25 pl, and 10 ul were used for the PCR reaction. Nucleic acid
extraction from 200 pl plasma or 100 pl urine was performed in the
Magna Pure instrument (Roche Life Science, Rotkreuz, Switzerland).
Nucleic acids extracted from plasma were eluted into 50 ul and those
extracted from urine into 100 pl, and 10 pl of the eluates were used for
the PCR reaction. Nucleic acids from tissue samples were extracted by
protenase K treatment followed by phenol-chloroform extraction.

The target region amplified by the PCR primers is within the large T
antigen gene of JCPyV [17].

The level of quantification is 125 copies/ml for CSF samples, 400
copies/ml for plasma, and 3000 copies/ml for urine. The method can
detect even lower levels but without reliable quantification. Quantita-
tive result in viral copies/ml is given for CSF, plasma and urine samples,
whereas a qualitative positive or negative result is given for tissue
samples. Here, however, the quantitative assay was interpreted and used
qualitatively, and all samples giving positive signals from both of the
duplicate PCR reactions at any level were considered positive.

2.2. Statistical analysis

Statistical analysis and graphs were produced using RStudio v.3.6.2.
For the mean and median calculations for age and percentage calcula-
tions, missing values were omitted, and patients from whom multiple
samples had been taken were only included once in each testing episode.
When tallying the number of patients that tested positive for JCPyV,
patients who had at least one positive result were interpreted as positive.

3. Results

Altogether 770 CSF, urine, plasma or tissue samples from 410

Table 1
Clinical characteristics of study patients and samples.
Total Tissue CSF Plasma Urine
samples
Number of total 770 11 223 486 50
samples
Number of 72 (9.4) 1(9.1) 94.1) 15(3.1) 47
JCPyV (94.0)
positive
samples, n (%)
Number of 410* 10 190 224 32
patients
Number of 42 (10.2) 1(10.0) 7 (3.7) 5(2.2) 29
JCPyV (90.6)
positive
patients, n (%)

Sex, M/F 254/156 5/5 111/79 141/83 22/10
Age, y (mean, 38.0/41.0 37.9/ 53.2/ 25.8/ 33.9/
median) 37.5 58.0 16.0 30.5

Number of 126%%(30.7) 4 (40.0) 9(4.7) 116 12
children (<16 (51.8) (37.5)
y), n (%)

Patients with 240 (58.5) 7 47 184 29
transplant or (70.0%) (24.7%) (82.1%) (90.6%)

HSCT, n (%)

" There were 410 unique patients. Multiple and/or different samples were
collected from some patients.

™ There were 126 unique patients below 16 years of age. Multiple and/or
different samples were collected from some patients.
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patients were taken (Table 1), and from some patients both plasma and
urine, plasma and CSF, or CSF and tissue samples were taken. The de-
mographic and clinical information of participants is presented in
Table 1.

The most frequent clinical reason for taking CSF samples was sus-
picion of PML. Common symptoms raising suspicion of JCPyV infection
were various neurological manifestations such as cognitive symptoms,
balance and gait problems, fever, epileptic seizures and speech problems
(n = 21, 96.4%). The only specific symptom for which urine samples
were taken was dysuria (n = 2, 4.0%). Most plasma (n = 445, 91.6%)
and urine samples (n = 48, 96.0%) were taken from asymptomatic
transplant patients at monitoring visits. Plasma samples were also oc-
casionally taken when patients had nonspecific signs of infection: fever,
dysuria, fluctuating cognitive symptoms or diarrhea (n = 41, 8.4%)
(Table 2).

The majority of CSF samples were taken within the specialties of
neurology (n = 112, 58.9%) and hematology (n = 24, 12.6%). Most
plasma samples were sent by pediatrician (n = 134, 59.8%) or transplant
surgeons (n = 28, 12.5%). Out of 50 urine samples, 37 (74%) were
collected at KT screening visits (Fig. 1).

Next, we explored the underlying diseases among the patients. We
listed the three most frequent underlying diseases per sample type. A
complete overview of underlying diseases is presented in Table 3. HIV/
AIDS patients were separated from other infectious diseases due to their
enhanced risk of PML. The most common underlying diseases among
patients from whom CSF was collected for JCPyV DNA PCR were he-
matologic malignancy (n = 71), neurologic diseases (n = 47) or infec-
tious diseases (n = 28). Patients providing tissue samples (five kidney,
four brain and one conjunctival biopsy) had nephrological diseases (n =
5), hematologic malignancies (n = 3) or infectious diseases (n = 2).
Plasma samples were taken from patients with nephrological diseases (n
= 142), hematologic malignancies (n = 24) or neurologic diseases (n =
15). Urine samples were collected from patients with nephrological
diseases (n = 20), hematologic malignancies (n = 5) or diabetes mellitus
(n=3).

As JCPyV reactivation with putatively serious consequences is
particularly common among transplant recipients, we assessed the rate
of transplantation events behind JCPyV sampling (Table 1). Of all 410
patients altogether 240 (58.5%) were transplant recipients. The major-
ity of CSF samples were taken from patients with no transplant (n = 143
/190, 75. 3%). Most plasma samples (n = 161/224, 71.9%), urine
samples (n = 24/32, 75.0%) and tissues samples (n = 5/10, 50.0%) were
taken from patients with KT (Fig. 2).

We assessed the aptness of JCPyV DNA testing among the different
patient groups. The proportion of positive samples was 10% (1/10) for
tissues samples, 3.7% (7/190) for CSF, 2.2% (5/224) for plasma, and
90.6% (29/32) for urine (Table 1). All seven patients with a positive
JCPyV finding from the CSF were subsequently diagnosed with PML.
Two of them had magnetic resonance imaging (MRI) changes only in the
cerebellar hemisphere, suggesting that GCN is likely the correct

Table 2
Symptoms leading to sampling and proportions of JCPyV positive findings.
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diagnosis. Both of these patients had ataxia as a clinical feature and one
of them had also some cognitive symptoms. Both patients have survived.
Among all seven patients diagnosed with PML, six had hematologic
malignancies as a predisposing disease and one had AIDS. The patient
with positive JCPyV finding from brain biopsy had been diagnosed with
PML, and had hematologic malignancy as a predisposing factor. The
remaining three brain tissue samples, as well as all kidney tissue samples
(n = 5) and the one conjunctival biopsy sample from KT patient, were
JCPyV negative.

Out of all 486 plasma samples, 15 samples (3.1%) from altogether
five patients were found to contain JCPyV DNA. None of these patients
had JCPyV associated diseases. One of the positive plasma samples was
taken because the patient with hematological malignancies had both
cognitive and gait problems. All other plasma samples were taken from
KT patients at their post-transplant monitoring visits and four of them
turned out JCPyV positive.

A high proportion, 47 out of 50 (94%) urine samples were JCPyV
positive. Majority of the patients were KT patients, and the samples were
taken during monitoring visits. Only one sample was taken because of
dysuria.

4. Discussion

PML, although a rare disease, has the best-established causative as-
sociation with JCPyV [18], followed by GCN [6]. Other
JCPyV-associated diseases such as JCPyV encephalopathy, meningitis
[8, 19], JCPyVAN, and HC are extremely rare [11], and none of them
was represented in our cohort. According to our results, patients with
hematologic malignancies have the highest risk to develop PML. This is
due to the fact that both the disease and the treatment together suppress
the immune system. Seven out of 90 patients (7.8%) with hematological
malignancies and one out of 23 patients (4.4%) with HIV/AIDS had
JCPyV PCR-confirmed PML in this study. There was one
biopsy-confirmed PML patient whose JCPyV PCR from CSF remained
negative at the time of diagnosis. Two months later, immunohisto-
chemistry from A brain biopsy showed staining for JCPyV. The under-
lying disease of this patient was chronic lymphocytic leukemia. We do
not have an obvious explanation for the negative CSF result, although
our assay may not have been sufficiently sensitive to detect very low
copies of JCPyV DNA in CSF. Other possible causes for negative CSF
results include early stage of PML lesions with no virus leakage to CSF or
location of the PML lesions remote from CSF spaces. In some cases,
efficient reconstitution of CNS immune surveillance can also cause
negative JCPyV PCR results [20]. For the other seven PML patients
JCPyV DNA PCR from CSF was an informative tool in the PML diagnostic
process. Our findings confirm the diagnostic utility of CSF PCR and of
brain biopsy when there is a strong clinical suspicion of PML or GCN
among immunosuppressed patients.

In the field of neurology, in order to stratify the risk of PML among
multiple sclerosis (MS) patients on ongoing or planned natalizumab

Symptom Total Tissue positive/negative, n (%) CSF positive/negative, n (%) Plasma positive/negative, n (%) Urine positive/negative, n (%)
Cognitive symptoms 82 1(1.2)/1 (1.2) 4 (4.9)/69 (84.1) 1(1.2)/6 (7.3) 0/0
Balance and gait problems 39 1(2.6)/0 2(5.1)/31 (79.5) 1(2.6)/4 (10.3) 0/0

Fever 29 0/0 1 (3.4)/19 (65.5) 0/9 (31.0) 0/0
Epileptic seizures 24 0/2(8.3) 0/21 (91.3) 0/1 (4.2) 0/0
Speech problems 21 0/0 4(19.0)/13 (61.9) 0/4 (19.0) 0/0
Headache 19 0/0 1(5.3)/15 (78.9) 0/3 (15.8) 0/0
Visual problems 15 1(6.7)/0 0/11 (73.3) 0/3 (20.0) 0/0
Dysuria 12 0/0 0/5 (41.7) 0/5 (41.7) 2(16.7)/0
Sensory abnormalities 11 0/0 0/11 (100.0) 0/0 0/0
Hemiparesis 4 0/0 0/4 (100.0) 0/0 0/0
Diarrhea 5 0/0 0/2 (40.0) 0/3 (60.0) 0/0

Graft rejection 3 0/1 (33.3) 0/1 (33.3) 0/1 (33.3) 0/0
Tremor 1 0/0 0/1 (100.0) 0/0 0/0
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Number of Samples

Tissue CSF
Sample Type

Plasma
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Specialty

Hematology

Oncology

Neurology

Surgery

Organ Transplant Department
Infective Diseases

Pediatrics

Internal Medicine
Neurosurgery
Pulmonology

NA

Urine

Fig. 1. Number of samples by specialty of treating physician.

Table 3
Underlying diseases per sample type.

Underlying disease Total number of samples *

Tissue samples n (%)

CSF samples n (%) Plasma samples n (%) Urine samples n (%)

Nephrological diseases 159 5(3.1)
Hematologic malignancies 90 3(3.3)
Neurological diseases 58 0
Infectious diseases (other than HIV) 37 2(5.4)
Other diseases 27 0
HIV/AIDS 23 0
Rheumatological diseases 17 0
Diabetes mellitus 17 1(5.9
Malignancy (other than hematological) 14 0
No predisposing diseases or treatments 6 0
Primary immunodeficient diseases 3 0

10 (6.3) 142 (89.3) 20 (12.6)
73 (81.1) 24 (26.7) 5(5.6)
47 (81.0) 15 (25.9) 0

28 (75.7) 13 (35.1) 0

6 (22.2) 20 (74.1) 2(7.4)
22(95.7) 2(8.7) 1(4.3)
8(47.1) 10 (58.8) 1(5.9)
6 (35.3) 9 (52.9) 3(17.6)
8 (57.1) 6 (42.9) 0
5(83.3) 2(33.3) 0
1(33.3) 1(33.3) 1(33.3)

* Multiple/different samples were collected from some patients and some patients had more than one underlying disease.

regimen, there is a well-practiced use of JCPyV antibody testing to
reveal past JCPyV exposure. Although the specificity of this method is
limited due to the high prevalence of JCPyV antibodies also in the
healthy population, the absence of antibodies practically excludes PML
risk in 20-60% of the population at the time of testing. Still, additional
tools would be needed to narrow down the true PML risk population.

Although JCPyV viruria is common among healthy blood donors as
well as among KT recipients, only a small number of PyVAN cases have
been attributed to JCPyV [21]. Our data suggest that JCPyV excretion to
urine, particularly among KT recipients, is common, and positive JCPyV
finding from urine is often unspecific. Urine may thus not be the
appropriate sample for diagnosis or monitoring of JCPyV associated
disease. The majority of plasma samples in our study were taken from KT
patients as part of the polyomavirus screening protocol and none of the
patients had JCPyV associated diseases. JCPyV findings from plasma
samples were not associated with the symptoms of the patients. Given
the extremely low incidence of JCPyVAN, current guidelines do not
recommend routine monitoring of JCPyV after KT [22].

The study was limited in being single-centered and using observa-
tional retrospective method. For some patients medical records were not
available and they were thus excluded from the study.

5. Conclusion

JCPyV is a ubiquitous virus which persists in our body but rarely
causes disease even among immunosuppressed individuals. Because of
the severity of JCPyV associated diseases, the possibility of JCPyV
detection should be exploited to improve management among selected
patient populations. It is recommended for all medical specialties to
employ JCPyV-associated disease risk stratification before and during
the use of immunosuppressive or immunomodulatory treatments.
Although in other patient populations JCPyV detection may be of little
added value, it is important among patients with past, current or plan-
ned treatment with immunosuppressive or immunomodulatory drugs.
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Transplant

None

Kidney

Liver
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Heart
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Small Intestine
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Fig. 2. Type of transplantation leading to sampling.
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