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Figure 1 Cytological
picture of intranuclear
inclusions of the urothelial
cells in a Papanicolzou
stained smear. The nuclei
are swollen and
hyperchromatic, but are
homogeneous without
irregular indentation.
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Figure 2 Electron microscopic picture of the virus particles. Abundant vi?
observed in the nucleus of the urothelial ceUl. They are round and uniform t
envelopes are missing. The particles are densely packed and sometimes line
small crystal structure can be seen (arrow).
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extension at 72°C for 20 seconds. A 5 minute
denaturing step at 94°C was included in the
first cycle. Forty cycles of amplification were
performed.

Electrophoresis of 10 ul of the PCR
products from the sample DNA and controls
was performed on 3-5% agarose gels.
Digestion with BamHI restriction endonucle-
ase (Nippon Gene, Japan) was performed
before electrophoresis for discrimination
between BK and JC viruses DNA sequences.8
The gels were stained with ethidium bromide
and the amplified DNA sequences were
visualised as bands of appropriate sizes with
ultraviolet fluorescence.

mM TRIS- Results
I MgCl2, and Uothelial cells in the third- and fifth-day
A thermal Papanicolaou stained specimens were notice-

lenaturing of ably degenerate, and some had intranuclear
, for 70 sec- inclusions with a diameter in the range of
ie primers at 15-30,um (fig 1). The nucleus was dark and
hree: primer swollen but homogeneous and the nuclear

membranes were smooth. The nucleoli were
inconspicuous and neither nuclear pleomor-
phism nor irregular indentations were evi-
dent. The cytoplasm of most of the inclusion
bearing cells was narrow and phagosomal
granules were not observed.
Many virus particles were observed in the

nuclei of the degenerate urothelial cells at
electron microscopy (fig 2). The virus parti-
cles were round and uniform with a diameter
in the range of 35-45 nm. There were no
envelopes covering the particles. The particles
were often densely packed in the nuclei, but
sometimes were linearly aligned, branching
irregularly and displaying arabesque patterns.
A few crystal structures were observed.
DNA extracted from the abnormal urothe-

lial cells and the control BK and JC virus
DNA sequences was amplified by PCR. The
sample and BK virus DNAs were not cleaved
by BamHI and showed a single band at 176
base pairs (fig 3). The control JC virus DNA

'V, G 't was also amplified, but the PCR product was

MN_cleaved by BamHI and formed two bands at
120 and 53 base pairs.

Discussion
Human polyomaviruses are small non-
enveloped DNA viruses that are classified
into two main strains, BK and JC.34 Human
polyomaviruses are ubiquitous and people are
often infected in infancy and early childhood.
Infection is asymptomatic in most cases, and
many people are reported to have anti-human
polyomaviruses antibodies without an associ-

w ated illness.9 After the primary infection
human polyomaviruses are presumed to
remain latent in the kidneys. Immuno-
suppressive medication taken for renal or
bone marrow transplantation, chemotherapy
used to treat malignant tumours, auto-
immune diseases and diabetes mellitus may
all reactivate human polyomaviruses and
cause haemorrhagic cystitis or progressive

rus particles are multifocal leucoencephalopathy.148 It is very
arty aligned. A unusual for human polyomaviruses, both BK

and JC, to infect small children with healthy
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Diagnosis of childhood BK virus cystitis by electron microscopy and PCR

1 2 3 4 5 6

194-

Figure 3 Detection ofPCR amplifiedBK virus DNA in agarose gel. The s
(4 and 5) and controlBK virus (2) form a single band at 176 base pairs; t}
virus DNA (3) is cleaved by BamHI andforms two bands at 120 and 53p
Human placental DNA, (2) BK virus DNA; (3) J3C virus DNA, (4) sam,
times diluted sample, (6) PBS containing no DNA.

immune systems and to cause clir
only two cases of human polyoma
titis in healthy children have been
"1 Although urinary tract infection
polyomaviruses is generally caus
virus, JC virus has also been detec'
of the urine samples of bone ma
plant recipients8 and healthy subje

Cytological examination of urine samples
is convenient for the primary screening of
human polyomaviruses infection.' BK-virus
infected urothelial cells have been reported to
have large and hyperchromatic intranuclear
inclusions, and the abnormal urothelial cells
of the present case were consistent with those
of the reported cases.

Electron microscopic examination can
show the shape and size of the virus particles
and distinguish the groups of viruses.'2 The
ultrastructural features of the virus particles
of the present case-round, non-enveloped,
and with a diameter in the range of 35-45 nm
corresponded to those of human poly-
omaviruses particles described in the previous
reports. It was difficult, however, to identify
the strain using morphological methods. We
could not determine, therefore, whether the
aetiological agent was BK or JC virus using
either cytology or electron microscopy.
PCR was developed for the analysis of

DNA sequences in tiny quantities of cells.
PCR is effective for the definitive diagnosis of
strains of the human polyomaviruses group.78
In the present study we used the small DNA
sequences of human polyomaviruses, PEP-1
and PEP-2, as the oligomer primers. The
DNA sequences of BK and JC viruses resem-
ble each other and PEP- 1 and PEP-2 are

complementary to the DNA sequences of BK
and JC viruses. Therefore, this single set of

b p primers can amplify the nucleotide sequences
of both BK and JC virus DNA with the aid of
Taq polymerase in the PCR cycle. The length
of the amplified BK and JC virus DNA frag-
ments is reported to be 176 and 173 base
pairs, respectively. The amplified JC virus
sequence contains a BamHI site, and is
expected to be cleaved into fragments of 120
and 53 base pairs by BamHI. Conversely, the
amplified BK virus sequence does not contain
a BamHI site and forms a single band at 176
base pairs. The amplified sample DNA of the
present case formed a single band at 176 base

-1 76 pairs, and the virus in the abnormal urothelial
cells was shown to be BK virus.

-1 20 The duration of the clinical illness, fre-
quency, pain at urination and mild haema-
turia, and the appearance of the degenerate
urothelial cells containing intranuclear inclu-

- 53 sions in the urinary sediment were almost the
same in the present case. The cytological

samples findings of the urothelial cells in the
hatrs: (1) Papanicolaou stained smears and the ultra-
ple, (5): three structural characteristics of the virus particles

in the nucleus were suggestive of human
polyomaviruses infection. Electron micro-
scopically the urothelial cells containing the

iical illness: virus particles were also severely degenerate,
iviruses cys- which suggested that the virus had cytopathic
reported.'o effects. Moreover, we identified the

i by human nucleotide sequence specific to BK virus by
3ed by BK analysing the abnormal urothelial cells of the
ted in some urinary sediment using PCR. Consequently,
irrow trans- this 5 year old boy was definitively diagnosed
cts.5 6 as having acute BK virus cystitis.
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