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Abstract

Background: John Cunningham (JC) virus belongs to Polyomaviridae family as a member of Polyomaviruses genus that
includes in addition BK virus and SV40. The first case of demyelinating disease described with the term PML was found in a
patient with chronic lymphocytic leukemia (CLL) and Hodgkin's lymphoma in 1958. The usual diagnostic method is viral
detection in CSF sample.

Obijective: Molecular identificantion of JC virus in blood samples obtained from patients already diagnosed with PML.
Patients and methods: The present cross sectional study included 61 Iraqgi patients, diagnosed as having multifocal
leukoencephalopathy according to clinical and radiologic evidences. Their age range was from 16 to 65 years and they were 10
males and 51 females. Blood samples were obtained from all patients and subjected to PCR analysis for viral DNA detection
and to serologic IL-17 estimation.

Results: Blood Real time PCR in patients with PML was positive in only 8.2 % of cases and there was no significant
difference in mean IL-17 between those who were positive and those who were negative according to real time PCR results.
Conclusion: Blood sample real time PCR provides low sensitivity tool for identification of JC virus in patients having PML
and that further development for blood sample collection and processing to optimize results are needed in the future.
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INTRODUCTION

John Cunningham (JC) virus belongs to Polyomaviridae
family as a member of Polyomaviruses genus that includes
in addition BK virus and SV40 . The first case of
demyelinating disease described with the term PML was
found in a patient with chronic lymphocytic leukemia
(CLL) and Hodgkin's lymphoma in 1958. These cases are
all consistent with the pathology of PML, including the
development of multiple white matter plaques in the brain
stem, basal ganglia and thalamus, cerebral hemispheres,
and cerebellum ©. A viral cause of PML was proposed in
1959 following observations of inclusion bodies inside
nuclei of damaged oligodendrocytes and the hypothesis that
the distribution of lesions could be explained by an atypical
viral infection ©®. The nuclei of oligodendrocytes with
inclusion bodies were discovered by electron microscopy to
harbor particles similar to the well known polyomaviruses
@) The causative agent of PML was not identified until
1971, when the virus was isolated from a culture of glial
cells and was named JC virus (JCV), after the initials of the
patient ).

The structure of the virus is described as non-enveloped
icosahedral DNA viruses with 5 kb genomes. The genome
is classified into 3 active regions; the first region is the
early region that encodes for 2 non-structural proteins
(large and small tumor antigens); the second region is the
late region which encodes the 3 viral capsid proteins (VP1,
VP2 and VP3); and the third region is a non-coding region

that functions as a regulatory segment. Polyomaviruses
BKV and JCV has 72% DNA sequence homology .

The name polyoma refers to the ability of the virus to
induce tumors in many different organs ©®. JCV can be
subcategorised into 14 subtypes that are found in different
ethnic human population groups. For instance, types 3 and
6 are found in Africans, type7A in Southeast Asians, and
types 1 and 4 in Europeans ©.

Primary infection is encountered somewhat later in
childhood and around 75% of the worldwide population has
antibody directed toward the virus and lifelong persistence
is established. In persons who are infected, the virus is
frequently shed in urine throughout life and sheding rate
becomes more frequent during pregnancy or when there is
immune suppression. JC virus can result in a lethal disease;
progressive multi focal leukoencephalopathy (PML); which
is a complication of an immune suppressant condition such
as advanced disseminuteated malignant conditions such as
Hodgkin’s disease or chronic lymphocytic leukemia. JCV
may also is seen in association with primary or secondary
immunodeficiency syndrome particulary AIDS, or
following immune compromization in persons subjected to
organ transplantation .

The polymerase chain reaction (PCR) constitutes the best
advance in molecular biology dated back to th advent of
recombinant DNA technology. It makes possible for a
single copy of any gene sequence to be amplified in vitro to
at least a million times within short period of time. Hence,
viral DNA obtained from a very small number of virions or
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infected cells can be augmented to the degree where it
makes direct identification of the virus ®. The
epidemiology of JCV transmission is still contraversial.
The virus may have been described in the tonsil stromal
cells and viral transmission via the respiratory droplets has
been proposed, the virus has also been seen in the gastro-
intestinal tract and in the raw urban sewage suggesting a
possible oral/fecal route as a mode of transmission. Also
the virus has been isolated in B-lymphocytes that suggests
the risk of transmission through blood transfusion. Kidney
transplantation has resulted in continued growing number
of patients living with a functioning kidney allograft and
may be another source of infection ).

PATIENTS AND METHODS

The present cross sectional study included 61 Iragi patients,
diagnosed as having multifocal leukoencephalopathy
according to clinical and radiologic evidences. Their age
range was from 16 to 65 years and they were 10 males and
51 females. Blood samples were obtained from all patients
and subjected to PCR analysis for viral DNA detection and
to serologic IL-17 estimation. Real-Time PCR was
performed for detection of JC polyomavirus by using the
specific primers and probe for large T antigen (LTA) gene.
The primers and probe were designed in this study by using
the complete sequence of John Cunningham virus (JC
virus)large T antigen (LTA) gene, complete cds (GenBank:
AF015527.1) using NCBI-Genbank and Primer3 plus
design, and these primers and probe were used in Real-
Time PCR assay for rapid detection of JC virus in human
blood. Also another PCR primer for VP1 gene was used in
PCR amplification that used in DNA sequence assay and
phylogenetic tree analysis. The primers were provided by
(Bioneer. Company, Korea). Human IL-7 ELISA Kit was
used in this study for quantitative determination of IL-7
concentrations in serum of human blood samples and done
according to company instruction. Statistical analysis was
carried out using SPSS version 23. Variables were
expressed as number, percentage, mean, standard deviation
(SD), range, median and inter-quartile range (IQR). Mann
Whitney U test was performed to compare the difference in
IL-17 level between positive and negative PCR patients.
The level of significance was considered at P<0.05.

RESULTS

This cross sectional study included 61 patients with clinical
and radiological evidence of progressive multifocal
leukoencephalopathy, suggesting a diagnosis of JC viral
demyelination pathology. The demographic characteristics
of the study group are shown in table 1. Mean age of all
patients enrolled in the present study was 37.41 +9.76 years
and ranged from 16-65 years. The study included 10 male
patients (16.4%) and 51 female patients (83.6%). Twenty
three patients (37.7%) were either employed or have
private job and 38 patients (62.3%) were either retired or
housewives. Majority of cases were reported in Baghdad
with small proportion from other Iragi provinces.

Real time PCR analysis of blood samples obtained from
patients showed a positive detection rate of 5 out of 61
(8.2%), figure (1). Mean serum IL-17 was 72.56 + 28.19

ng/ml in all patients and there was no significant difference
in mean serum 11-17 between patients with positive PCR
and patients with negative PCR results (P= 0.207), despite
being lower in positive cases, table (2) and figure (2).

Table 1: Demographic characteristic of the study group

Characteristic Value
Number of cases 61
Age
Mean +SD (years) 37.41 +£9.76
Range (years) 16-65
Gender
Male n (%) 10 (16.4%)
Female n (%) 51 (83.6%)
Occupation
Having job or student 23 (37.7%)
Retired or housewife 38 (62.3%)
Province
Baghdad 52 (85.2%)
Basra 5 (8.2%)
Al-Qadissiyah 3 (4.9%)
Wassit 1 (1.7%)
Table 2: Statistics regarding serum 1L-17
Mean | Median SD Minimum | Maximum | Range | IQR
72.56 72.72 28.19 30.14 135.52 105.38 | 37.54
4 )
Positive
5
8.2%
Negative
56
91.8%
\_ J

Figure 1: Number and percentage of positive cases
according to blood sample real time PCR
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Figure 2: Mean serum IL-17 in positive and negative cases
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DiscussioN
When PML is taken into consideration, there is a problem
regarding difficulties encountered in the diagnosis and the
lack of useful biomarkers for assessment of disease
progression. Future research may be directed toward a
better understanding of the virology and life cycle of JCV
and the pathogenesis and immunopathology of PML. A lot
of studies have been done for detection and quantification
of JC virus in blood and serum samples obtained from
patients, already diagnosed to have the virus by CSF
examination, for various reasons. In one study, JCV DNA
was detected by QPCR in plasma from 14 (17%) of 83
cases and 28 (12%) of 230 controls and the median
detectable level of JCV DNA was 168 copy numbers per
mL of plasma (interquartile range, 108-364) 9. In another
study, done on patients with multiple sclerosis (MS) who
received monthly infusions of natalizumab, the results were
as following: Overall, 17 of the 49 patients (35%) had
viremia at some time. they analyzed plasma samples for the
presence of JC virus antibodies and viral DNA @Y.
The availability of clinical samples from PML patients at
the time of laboratory diagnosis and follow up for extended
periods of time has revealed viral persistence that can occur
for years. This observation might be important if not
critical when evaluating new clinical episodes of
neurological deficits and may warrant periodic assessment
for viral genome in the CSF as well as in the plasma 2%, It
is not known whether the origin of CSF viral DNA during
persistence is derived from the brains of PML patients or
virus periodically enters the brain from the periphery @,
In addition, Variable reports of viral load ranging from
13.6% up to 46.1% was registered by Delbue et al., in 2007
in a study included patients with multiple sclerosis .
In a study conducted in Sudan the qualitative PCR
procedure was used to detect JCV DNA in plasma and
urine samples. Specimens were obtained from 50 renal
transplant patients. The results showed the superiority of
plasma samples (48%) over urine samples (28%) for the
detection of JCV. This is considered unusu al result for
plasma samples @,
Some others have reported uncommon transient, and low
viremia ®. However in another study led on 20 patients,
25% demonstrated JCV viremia ", Every one of these
studies was completed by utilizing quantitative continuous
PCR. In this study, the use of plasma samples rather than
whole blood specimen to detect JCV DNA might have
increased the sensitivity of JCV detection and could explain
why current results are different from those of other
studies. However, the reports that JCV viremia is more
commonly detected among renal transplant recipients than
viremia may be due to the fact the virions may enter the
circulation through peri-tubular capillaries following
tubular damage. Such patients could be at potential risk of
developing JCV nephropathy, thus detection of JCV DNA
by PCR in urine is currently concurrently used to detect
viral replication in renal transplant patients. Detection of
JCV DNA by PCR in plasma specimens is not efficient in
patients with low viral replication in the urinary tract. For
this reason JCV viremia is only used to confirm JCV after
first screening urine 7.

A feature that is common among the human
polyomaviruses is that the incidence of virus-associated
disease in the population is very low and yet a large
percentage of people has antibodies to the virus indicating
widespread infection. For example, most people become
seropositive to JCV and BKYV in childhood but very rarely
virus can be detected in the blood (viremia) and usually
only in patients with PML and PVAN respectively. Viruria
(virus in the urine) can occur somewhat more often and
tends to be episodic and at low levels in normal people “©.

It is likely that mixtures of multiple human polyomaviruses
may be present in biological samples from clinical sources
such as blood and urine and so assays for JC viral load
must be highly specific. The development of quantitative
polymerase chain reaction (qPCR) assays provides a
specific, sensitive and quantitative method to measure JC
viral load ®®. Pal et al designed sets of primer/probes for
BKV, JCV and SV40 specific for both the early and late
coding regions of each virus. These were characterized and
it was shown that they could detect between 1-10 copies of
their cognate genomes while failing to react with as many
as 10® copies of DNA from the other viruses ®. Thus
gPCR assays have the capacity to enumerate small numbers
of viral genomes in the presence of large amounts of
unrelated DNA. The reliability of any given set of
primer/probes should be evaluated by generating standard
curves at a broad range of dilutions and in the presence and
absence of other viruses. It is important to note that the
number of PCR cycles can affect both the sensitivity and
specificity of the assay *®. Another factor that needs to be
considered is sequence divergence within the viral isolate.
For example in the case of BKV, there is substantial
diversity of the genomes of viral isolates ® 2. Bayliss et al
@2 reported that sequence analysis of the early region of
JCV in four immunosuppressed patients revealed eight
novel single nucleotide polymorphisms. However,
Dumoulin and Hirsch reevaluated and optimized JCV and
BKV gPCR assays to detect rare sequence polymorphisms
and updated the BKV assay for the occurrence of
polymorphisms. They concluded that their original JCV
and updated BKV gPCR assays were robust and able to
detect rare variants routinely encountered in the clinic .

CONCLUSION:
Blood sample real time PCR provides low sensitivity tool
for identification of JC virus in patients having PML and
that further development for blood sample collection and
processing to optimize results are needed in the future.
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