POINT OF VIEW

Human polyomavirus infection: Cytological and molecular diagnosis
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SUMMARY

Few studies directly compare urinary cytology with molecular methods for
detecting BK and JC polyomaviruses. Reactivation of BKV infection is the main
risk factor for the development of nephropathy in immunocompromised
individuals. The limitation of the cytological method can be attributed to the
stage where the infected cell does not have specific and sufficient morphological
characteristics for a conclusive diagnosis and can be easily interpreted as
degenerative alteration. Moreover, morphologically, it is not possible to
differentiate the two types of viruses. Polymerase chain reaction (PCR), not only
is a sensitive method, but also allows differentiation of viral types without
quantification, and therefore is not indicative of nephropathy. According to the
American Society of Nephrology, real-time PCR would be the gold standard to
indicate nephropathy because it allows quantifying the number of viral copies.

paty.assis@uol.com.br

http://dx.doi.org/10.1590/1806-9282.63.11.943

INTRODUCTION

In the 1950s, cytotechnologist Andrew Ricci observed
cells with large, homogeneous nuclei in the urinary sedi-
ment, mimicking neoplastic cells but not associated with
urothelial neoplasia, and called them decoy cells.! The
so-called decoy cells have been erroneously diagnosed as
cancer cells in the past. It was only in 1968 that it was
speculated that these cells could be related to some type
of virus, identified as polyomavirus in 1971.

It is believed that they originate in the urothelium of
healthy and asymptomatic patients. This hypothesis is
based on the fact that it is in the urothelium that the BK
virus (BKV) is often latent. Replication of the polyomavirus
occurs mainly in the superficial layer of the transitional
epithelium, that is, in the umbrella cells that shed easily
without causing symptoms or altered renal function. In-
fected cells are not seen in the kidneys of immunocom-
petent patients whereas, in immunocompromised patients,
nephropathy is characterized by intra-renal replication
of BKV with consequent renal dysfunction. The morpho-
logical changes caused by viral replication in renal tubu-
lar epithelial cells are similar to those observed in transi-
tional cells. Therefore, in BKV nephropathy, decoy cells
also originate, probably in the renal parenchyma.’ It is
speculated that BKV nephropathy is caused by an ascend-
ing transmission pathway with dissemination of the poly-
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omavirus originating from the transitional cells to the
collecting ducts and proximal tubular epithelial cells in
patients with some immunodepression condition.®

DiaGNosis
Few studies directly compare urinary cytology with mo-
lecular methods for detecting polyomaviruses.

Decoy cells can be easily detected on Papanicolaou
stained cytology smears, and its negative predictive value
(NPV) is close to 100%. Conversely, the positive predictive
value (PPV) of the decoy cell analysis to predict BKV ne-
phropathy (BKVN) ranges from only 25 to 30%.” The per-
sistence of decoy cells in repeated urine samples identifies
patients with potential risk for BKVN. On the other hand,
according to the “patient screening algorithm and moni-
toring protocols,” a patient with a monolayer-treated urine
cytology with more than ten decoy cells is indicated for re-
nal biopsy, with no need for confirmation by PCR.® Although
it is relatively easy to detect the presence of decoy cells in
urine, it is not possible to distinguish between BKV and JCV.

CLASSIFICATION OF DECOY CELLS®

e Type 1. The most common are the classic forms cha-
racterized by large, homogeneous and amorphous in-
clusions, with a ground-glass appearance, and a peri-
pheral halo of condensed chromatin.
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e Type 2. They are granular intranuclear inclusions sur-
rounded by a clear halo, so they are called cytomega-
lovirus-like inclusions.

e Type 3. These are multinucleated decoy cells with gra-
nular chromatin.

e Type 4. When infected cells exhibit vesicular nuclei, of-
ten with clumped chromatin and evident nucleoli. This
is what Koss called the post-inclusion (empty) stage.

The main differential diagnosis of polyomavirus infec-
tion in urine is urothelial neoplasms, mainly types 3 and
4. Unfortunately, viral infection can occur in patients with
urothelial neoplasia, especially if they are using cytotoxic
drugs and infected and neoplastic cells are mixed in the
smear. Some details can be analyzed in this differentiation,
but, in practice, this is not always possible: decoy cells are
seen alone, whereas neoplastic cells can form groups with
overlapping nuclei; the nuclei of decoy cells are rounded,
in contrast to those of tumor cells, which have irregular
nuclei. And if the two conditions (cancer and polyomavirus
infection) are associated it may be even more complicated
to distinguish one from the other. The search for decoy
cells in urine is a marker with a positive predictive value
of about 27%, which requires confirmation with more

specific techniques, such as polymerase chain reaction.”'

POLYMERASE CHAIN REACTION
As the gold standard for the detection and identification
of BK and JC viruses, since it can differentiate them by

S1L12 it revealed

analyzing the generated DNA fragments,
the prevalence of BK and JC viruses in the urine of im-
munocompromised and immunocompetent patients
through the technique of polymerase chain reaction (PCR).
Even immunocompetent patients excreted BK and JC
viruses in the urine, showing that the final diagnosis always

depends on a combination of laboratory and clinical data.

CLINICAL SIGNIFICANCE OF POLYOMAVIRUS INFECTION
Humans are the natural hosts of two major members of
the Polyomaviridae family that are able to develop per-
sistent subclinical infection in the kidneys and periph-
eral blood. BKV was isolated from the urine of a patient
4 months after renal transplantation. JCV was isolated
from the brain of a patient with Hodgkin’s disease with
progressive multifocal leukoencephalopathy (PML). Both
viruses are excreted in the urine of infected patients, sug-
gesting that the kidney is infected in early stages of con-
tact with this pathogen. In the case of JCV, lymphoid
tissues and bone marrow also appear to be involved as
early or latent infection sites."

Depending on the degree of reactivity, i.e. the inten-
sity of viral replication, the virus can be eliminated in
urine without entering the bloodstream, persist in the
urine, or progress to viremia.

It is estimated that more than 70% of the general pop-
ulation has been exposed to BKV, showing serological evi-
dence of such contact. Asymptomatic reactivation and a
low level of replication are observed in 5% of the healthy
population. Reactivation with clinical manifestations is
rare in immunocompetent individuals, even though asymp-
tomatic intermittent replication with elimination through
urine may occur. Thus, symptoms develop more common-
ly in immunocompromised individuals, transplant recipi-
ents, HIV-infected patients, pregnant women and patients
with neoplasms undergoing chemotherapy. BKV is the agent
that causes nephropathy in 1-10% of kidney transplant
recipients, which can result in graft loss in about 45% of
cases. There is a correlation between the degree of immu-
nosuppression performed in renal transplant patients and
the reactivation of BKV infection, which is the main risk
factor for the development of polyomavirus nephropathy.

CoNcLusION

The limitation of the cytological method can be attrib-
uted to the stage at which the infected cell does not have
specific and sufficient morphological characteristics for
a conclusive diagnosis and can be easily interpreted as a
degenerative alteration. In 2007 Domingues et al.* de-
scribed a semi-nested PCR technique capable of differen-
tiating BK and JC viruses from stored clinical samples.
However, this method did not allow quantification of viral
particles. Real-time PCR has revolutionized the process of
quantification of DNA fragments. According to the Amer-
ican Society of Nephrology (2006), this technique would
be the gold standard to indicate nephropathy whenever
the number of BKV copies is greater than or equal to 104.

Resumo

Infec¢do pelo poliomavirus humano: diagndstico citolé-
gico e molecular

Poucos estudos comparam diretamente a citologia uri-
naria com métodos moleculares para deteccdo de polio-
mavirus BK e JC. A reativa¢io da infec¢do por BKV é o
principal fator de risco para o desenvolvimento de nefro-
patia em individuos imunocomprometidos. A limita¢io
do método citoldgico pode ser atribuida ao estidgio em
que a célula infectada ndo possui caracteristicas morfo-
légicas especificas e suficientes para um diagnéstico con-
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clusivo, podendo ser facilmente interpretada como alte-
racio degenerativa. Além do mais, morfologicamente, nio
é possivel diferenciar os dois tipos virais. A rea¢io em
cadeia pela polimerase (PCR), além de ser um método
sensivel, permite diferenciar os tipos virais sem quantifi-
cé-los, nio sendo, portanto, indicativa de nefropatia. Se-
gundo a American Society of Nephrology, a PCR em
tempo real seria o padrio-ouro para indicar nefropatia,
pois permite quantificar o ndmero de copias virais.

Palavras-chave: poliomavirus, virus BK, virus JC, trans-
plante de rim.
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