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Abstract

Background and aim—Chronic idiopathic intestinal pseudo-obstruction (CIIP) is characterised
by severe impairment of intestinal propulsive motility that mimics bowel obstruction. JC virus (JCV)
is a polyomavirus that can infect brain glial cells causing a fatal disease, but may also be found
throughout the normal gastrointestinal tract. The hypothesis that JCV infects the myenteric plexuses
of patients with CIIP was tested.

Methods—10 patients with CIIP and 61 normal specimens (30 ascending colon and 31 ileum) from
patients with uncomplicated colon cancer were studied. DNA was extracted from the myenteric
plexuses, and JCV T antigen (TAg) DNA and the viral regulatory region were detected by PCR and
sequencing. Immunohistochemistry was performed to detect JCV viral protein expression, neuronal
and glial markers. Fluorescence in situ hybridisation was performed for cellular localisation of the
JCV infection.

Results—Clinical studies demonstrated neurogenic impairment, and pathological analyses showed
neuropathy in each patient with CIIP. JCV TAg DNA was found in the myenteric plexuses of 8/10
(80%) of the patients with CIIP and 3/31 (9.7%) of the control patients (p<0.001). All samples were
JCV Mad-1 strains. Seven of the 10 CIIP specimens expressed both JCV TAg and the JCV viral
protein VVP1, while none of the controls expressed either. JCV infection co-localised with glial
fibrillary acidic protein expression, a marker of enteric glial cells.

Conclusion—JCV infection occurs in the myenteric plexuses of patients with CIIP. The JCV
localisation in enteroglial cells suggests a possible pathological role for this virus in enteric
neuropathy.
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Chronic idiopathic intestinal pseudo-obstruction (CIIP) is a rare, progressive and life-
threatening syndrome characterised by severely impaired gastrointestinal motility. The clinical
presentation of CIIP is dominated by signs and symptoms of intestinal obstruction, including
recurrent episodes of abdominal pain and distension, accompanied by bloating, nausea,
vomiting, etc., without evidence of mechanical obstruction. 2 CIIP may occur throughout the
gastrointestinal tract, but usually involves the small bowel. The accompanying malabsorption
and malnutrition often lead to severe weight loss, requiring parenteral nutritional support.
Various infectious, neurological, paraneoplastic and metabolic conditions have been reported
to affect the neuromuscular layer of the gut and cause this syndrome; these have been called
secondary CIIP. The primary idiopathic form of CIIP has no known aetiology, and the
pathogenesis is poorly understood.! 34 Familial cases of CIIP with autosomal dominant or

recessive modes of inheritance have been described, but the majority of CIIP remains sporadic.
5

CIIP can be placed into three major histopathological categories: neuropathies (either with
purely degenerative or inflammatory changes to the intrinsic enervation of the gut);
mesenchymopathies (abnormalities of the interstitial cells of Cajal (ICCs)); or pure
myopathies. However, overlap among these groups is common.! > 6 Several neurotropic
viruses have the ability to infect the central nervous system (CNS), and could possibly infect
the enteric nervous system (ENS). An active viral infection affecting enteric neurons would
be a plausible explanation for the pathogenesis of CIIP. In fact, several prior reports have
proposed that certain DNA viruses may be involved in chronic gastrointestinal motility
disorders, including CIIP and achalasia.5~12

JC virus (JCV) is a member of the polyomavirus family, infects humans worldwide, and 90%
of the population carry antibodies to the virus by adult life.13 The initial infection is
asymptomatic, but it may become persistent. JCV DNA is frequently present in the upper and
lower gastrointestinal tract of healthy adults.24 15 The virus encodes a T-antigen (TAg), which
is a potent transforming protein both in vivo and in vitro.26—18 |n patients with impaired cell-
mediated immunity such as AIDS, this neurotropic virus may reactivate, and can cause a lytic
infection of brain glial cells, leading to the lethal demyelinating disease, progressive multifocal
leucoencephalopathy (PML).19

Because of the known neuropathic capability of this virus, and its frequent presence in the gut,
we proposed that JCV might be detectable in tissues of patients with CIIP, and possibly be
involved in the pathogenesis of this disease. In this report, we have demonstrated that the virus
actively infects the enteroglial cells of the myenteric plexuses of most of the patients with CIIP
we studied.

Inclusion criteria and patients

The study was performed on 10 patients (8/10 females; mean age (SD) at entry in the study
33.2 (8.11) years; range 21-47 years) with the diagnosis of neurogenic CIIP, seen in the
Laboratory of Functional Gastrointestinal Disorders at the S. Orsola-Malpighi Hospital of the
University of Bologna, between 2004 and 2006. All patients had a long history of severe
gastrointestinal symptoms and their diagnosis of CIIP was already established years before
based on fulfilment of previous criteria.# 29 21 All patients with CIIP included in this study had
undergone multiple surgeries (table 1). Consequently, full-thickness samples of the small and/
or large bowel were available. None of the patients was subjected to treatment with
immunosuppressors and, among the patients undergoing intestinal transplantation, samples
were obtained from the resected specimens. A series of 31 patients who had undergone colonic
resection for sporadic colorectal cancer were collected from the pathology archives at Baylor
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University Medical Center in Dallas, and the Pathology Department of the University of
Bologna; macroscopically and histologically normal tissues were selected for study.
Institutional Review Board approval was granted for this study from Baylor University Medical
Center and from the University of Bologna.

Histopathology and immunohistochemistry (IHC)

Small bowel

Full-thickness biopsies were obtained from all of the patients with CIIP, including the ileum

from 7 patients (5 females and 2 males, age range 21-47 years) or the descending colon in 4

patients (4 females, age range: 30—41 years). One patient provided both small bowel and colonic
samples. Full-thickness specimens were obtained from a site distant from the colon cancer in
the 31 controls; these came from the caecum or ascending colon in 30 subjects, and from the
terminal ileum in 31.

To analyse the ENS, IHC was performed for expression of neuron-specific enolase (NSE),
enteroglial protein S100-, vasoactive intestinal polypeptide (VIP), substance P/related
tachykinins (SP), neuropeptide Y (NPY), calcitonin gene-related peptide (CGRP) and neuronal
nitric oxide synthase (nNOS) (Chemicon International, Temecula, California, USA).
Antibodies against c-Kit and a-actin (DakoCytomation, Milan, Italy) were used to identify the
ICCs and smooth muscle cells, respectively, while an antibody directed against the glial
fibrillary acidic protein (GFAP) was used to evaluate the possible localisation of JCV in enteric
glial cells by dual-labelling immunofluorescence. Control samples were used to establish the
normal distribution according to immunoreactive density and intensity of the several markers
used. The density and intensity of immunoreactive patterns were compared by two independent
investigators (RDeG and LR), according to staining intensity and density of nerve distribution.
The sections were scored using a 4-point ordinate scale, as follows: +++, 70-100% of labelled
perikarya and nerve fibres with intense immunoreaction; ++—, 30 to <70% of labelled perikarya
and nerve fibres with intense/moderate immunoreaction; +—, <30% of labelled nerve fibres
with moderate/weak immunoreaction; and ——, no detectable immunoreaction,20-22

Antibodies to detect JCV proteins included a mouse monoclonal antibody against the S\V40
large T antigen, which cross-reacts with JCV TAg (clone PAb416, 1:100 dilution; Oncogene
Research Products, San Diego, California, USA), a mouse monoclonal antibody against JCV
TAGg (clone PAb2003, 1:100 dilution) and a rabbit polyclonal antibody against JCV viral
protein 1 (VP1) (1:1000 and 1:5000 dilutions for IHC and for immunofluorescence,
respectively). IHC was performed with the Dako En Vision-labelled polymer (Dako
Cytomation). Appropriate positive controls were used in each experiment, including hamster
brain expressing JCV TAg, and cells expressing the JCV VPL.

Dual immunofluorescence for VP1 and GFAP proteins was performed using the Alexa Fluor
488 goat anti-rabbit, and the Alexa Fluor 594 goat anti-mouse second antibodies (Invitrogen,
Carlsbad, California, USA). Slides were counterstained with 4’,6-diamidino-2-phenylindole
(DAPI), observed with an AxioSkop2 multichannel epi-fluorescence microscope and
processed by AxioVision software (Carl Zeiss, Thornwood, New York, USA).

manometry

Small bowel manometry was performed in seven of the patients with CIIP (all females, age
range: 21-47 years) according to a previously described technique.?! 23-25 Manometric
recordings were analysed by two investigators (VS and RFC) who independently recorded the
type and frequency of small bowel abnormal motor patterns, as previously defined.?! 25 Briefly,
the following abnormalities were considered: (1) abnormal propagation and/or configuration
of activity fronts; (2) bursts or periods with continuous high-amplitude and high-frequency
phasic pressure activity that were not propagated and not followed by motor quiescence; (3)
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sustained contractions that occurred in a segment of intestine while normal or reduced
contractility was simultaneously recorded at other levels; (4) inability of an adequate meal to
abolish migrating motor complexes (MMCs) for at least 180 min; (5) hypomotility or absence
of any detectable intestinal contractions; and (6) clustered contractions or 3-10 regular
contractions preceded and followed by >1 min of absent motor activity lasting for >20 min.
Pathological tracings required the presence of at least two bursts in 6 h and/or at least an
abnormal activity front.

DNA extraction and detection of viral genomic sequences

To isolate the DNA from the myenteric plexuses, we stained the samples of each CIIP and
control patient for NSE, followed by brief counterstaining with haematoxylin (fig 2A), and
tissue microdissection was performed using a scalpel and a dissecting microscope (fig 2B).
DNA isolation and PCR for JCV TAg were performed in a dedicated area isolated from prior
PCR products, as previously described.26 PCR products were sequenced with an ABI PRISM
3100 Avant Genetic Analyzer (Applied Biosystems, Foster City, California, USA). The
sequences were aligned using GenBank.

Samples were also subjected to PCR amplification for the following viruses: BK virus (BKV),
simian virus 40 (SV40), cytomegalovirus (CMV), herpes simplex virus (HSV), varicella zoster
virus (VZV) and Epstein—Barr virus (EBV) (Supplementary methods).

Fluorescence in situ hybridisation (FISH)

The JCV-Mad1 genome inserted into pBR322 (pM1TC) was used to generate the probes using
the BioPrime DNA Labeling System (Invitrogen). Two probes were synthesised from the early
and late regions of transcription. Pre-hybridisation and hybridisation were performed with the
DNA Detector Kit (KPL, Gaithersburg, Maryland, USA). Hybridised probes were bound to
streptavidin-conjugated Cy3, and slides were counterstained with DAPI. Slides were visualised
under an AxioSkop2 multichannel epifluorescence microscope and processed by AxioVision
software (Carl Zeiss Inc., Thornwood, New York, USA).

Statistical analysis

Results

We used Fisher's exact test to compare the CIIP and control groups with respect to JCV DNA
amplification. Two-tailed p values were considered significant when <0.05.

Clinical, manometric and histopathological features of the patients with CIIP

Clinical features of the patients investigated in this study are summarised in table 1. All seven
patients who underwent small bowel manometry showed unequivocal motor abnormalities
(table 2). As previously reported,2> the dysmotility patterns observed were suggestive of an
underlying derangement of intrinsic neural control mechanisms and involved bursts of
uncoordinated, non-propagated, frequent contractions in five patients and interdigestive
activity fronts which were abnormal for propagation and/or configuration in five patients. In
three patients, the manometric analyses showed frequent motor abnormalities, including a
generalised paucity of contractions during both fasting and postprandial periods (1 patient) and
periods of regular clustered contractions (2 patients).

IHC analysis confirmed the presence of an underlying enteric (visceral) neuropathy in all of
the patients with CIIP. No evident neuropathic abnormalities were observed in any of the
control specimens. Neuronal abnormalities identified at IHC included changes in the structural
markers of enteric neurons and glia—that is, reduced expression of NSE and S100-f protein,
respectively, associated with swelling, vacuolisation and loss of submucosal and myenteric
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neurons (table 3). Importantly, we found marked reductions of CGRP, NPY, VIP, nNOS and
SP immunoreactivity in the submucosal and myenteric neuronal cell bodies and nerve fibres
(supplying the circular muscle layer) compared with controls (fig 1). The ICC network revealed
by c-Kit immunolabelling was found to be markedly decreased in 8 of the 10 cases of CIIP
compared with controls.

JCV TAg DNA sequences are frequently present in the myenteric plexus of patients with CIIP

JCV TAg DNA sequences were found in the microdissected myenteric plexuses of 8/10 (80%)
of the patients with CIIP (table 4) and in 3/31 (9.7%) of the control patients by PCR (fig 2A-
C) (p<0.001). Each of the positive PCR amplicons was confirmed by DNA sequencing. All
samples and controls showed no evidence of BKV, SV40, HSV, CMV, VZV and EBV.

FISH analysis was performed to verify the localisation of JCV DNA in the myenteric plexuses
of patients with CIIP. All eight PCR-positive CIIP samples hybridised with JCV probes in the
myenteric plexuses, while no signal was found in any of the three normal control samples from
which JCV DNA was amplified (fig 2D-F).

JCV actively infects glial cells of patients with CIIP

Figure 3A shows positive and negative immunohistochemical staining for TAg in the myenteric
plexuses of patients with CIIP and controls, respectively. In total, 7/10 (70%) patients with
CIIP showed TAg expression, including 5 ileal and 2 colonic samples respectively. All 7 TAg-
positive CIIP samples harboured JCV DNA sequences; however, one CIIP sample that carried
JCV TAg sequences did not express TAg (patient 7 in Fig. 3A). No TAg expression was present
in any of the 61 samples from 31 normal control patients.

The IHC staining for the JCV capsid protein VVP1 revealed the presence of the protein in the
TAg protein-positive CIIP samples. Figure 3B demonstrates VVP1 expression in the cells within
the myenteric plexus of CIIP patient 3, suggesting an active lytic JCV infection. As expected,
all TAg protein-negative CIIP samples and controls did not express VVP1 in the myenteric
plexuses.

We performed double-labelling immunofluorescence for JCV VP1 and the human GFAP. As
shown in fig 3C, we found co-localisation of JCV VP1 and GFAP, indicating that the virus
specifically infects the glial cells of CIIP myenteric plexuses.

Discussion

In our study, we demonstrate that JCV actively infects the enteroglial cells of the myenteric
plexus of patients with CIIP. Although this study cannot establish a definitive causative role,
our results provide novel evidence for an association between JCV infection and CIIP, which
is consistent with the interpretation that this neurotropic virus may contribute to the
pathogenesis of neurogenic CIIP by destroying the ENS through a lytic glial cell infection.

The patients included in this study suffered from a wide range of gastrointestinal symptoms,
resulting in challenging clinical management. Although the diagnosis of CIIP is essentially
clinical, mechanical causes must be excluded by endoscopic and radiological investigations.
13421 |n this study, the patients underwent extensive diagnostic procedures, including small
bowel manometry, to provide a definitive diagnostic characterisation of the disease.
Furthermore, we established the diagnosis on the basis of a careful histopathological analysis.
The diagnosis of an enteric (visceral) neuropathy was made in all the patients with CIIP.

Small bowel motor activities are strictly controlled by the ENS, and derangements of this
mechanism result in well defined motor abnormalities that can be recorded in humans by
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manometric techniques.23—25 All the patients presented obvious motor abnormalities
characterised by uncoordinated contractile patterns suggestive of intrinsic neuropathy.2 28
High pressure contractions were recorded in all but one patient whose manometric recording
showed a retrograde phase 111 of the interdigestive MMC, with extremely low contractile
pressures. This unique combination of motor abnormalities could be attributed to an intrinsic
neuropathy associated with a concomitant involvement of smooth muscle cells or simply to
overdistended bowel loops that prevent contractions from being occlusive, and, therefore,
properly recordable by manometry. None of the patients had an inability to convert fasting into
fed motility, which is considered to be suggestive of extrinsic autonomic neuropathy.29 30

Structural changes in the neurons and glia, as identified by NSE and S100-p, respectively, in
association with swollen cell bodies and loss of myenteric neurons, can differentiate
degenerative from inflammatory neuropathies. Alterations in the ICC network were found in
80% of the patients with CIIP. These findings illustrate the critical role played by these non-
neuronal cells in the regulation of gut motility.31=34 The mechanisms for ICC depletion, as
indicated by loss of c-Kit, remain unknown. Reduced c-Kit immunoreactivity may also reflect
downregulation of this receptor and not necessarily a reduced number of ICCs. JCV may infect
ICCs and therefore contribute either to ICC loss or to re-differentiation to smooth muscle cells,
another event which has been proposed in pathological conditions.3* Both these mechanisms
will be addressed in future research.

Moreover, we also investigated several neuropeptides, neurotransmitters and related receptors,
such as CGRP, NPY, VIP, nNOS and SP, in the CIIP samples. We demonstrated a marked
reduction of these markers, indicating an impairment of neurochemical transmitters or
modulators, and damage to enteric neuron subclasses.

In seven patients with CIIP, both JCV TAg and the VP1 proteins were selectively expressed
in the myenteric plexuses. Expression of both JCV TAg and VP1 indicates an active lytic
infection, which would be expected to destroy the host cell. The lytic cycle begins by expression
of the viral early protein TAg, followed by expression of the late genes, which are essential
for a productive infection.3°

Eight of 10 patients with CIIP were positive for JCV by PCR, whereas 3 of 31 control patients
were positive. The explanation for these results might be that low level JCV infection is nearly
universal among adults,® and that the PCR can detect low levels of latent virus. We believe
the higher prevalence of JCV DNA found in the CIIP specimens is attributable to the specific
DNA extraction from the myenteric plexuses. Importantly, FISH analyses were positive only
in the myenteric plexuses of patients with CIIP, and were negative in the samples from the
unaffected subjects. This was supported by quantitative PCR data indicating that the DNA
copy numbers in the three controls were at the lower limits of detection (data not shown).
However, the most compelling argument for the speculation that JCV is actively involved in
the pathogenesis of CIIP is that we never saw viral gene expression in any specimen except in
the myenteric plexuses of patients with CIIP.

None of our samples or controls was positive for other known neurotropic viruses such as
CMV, VZV, HSV and EBV, or other polyomaviruses such as BKV and SV40.

The most intriguing aspect of this study is that we found JCV infection in enteric glial cells.
VP1 expression co-localised with the expression of GFAP, an intermediate filament found in
glial cells, such as astrocytes. In the peripheral nervous system, GFAP has been demonstrated
in Schwann cells, enteric glial cells, and satellite cells of human sensory ganglia. Increasing
evidence suggests that damage to intestinal glial cells may be involved in the development of
certain inflammatory and dysmotility diseases of the gut, including those induced by
neurotropic viruses.3® 37 A presumptive lytic infection produced by JCV, and the consequent
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damage to the plexuses, is a plausible explanation for the alterations found in CIIP. JCV causes
the fatal demyelinating disease PML in glial cells of the CNS in severely immunocompromised
individuals.1® To enter into a lytic phase, the virus has a narrow range of cell-specific tropism,
as demonstrated by several in vitro models showing that the virus can replicate only in cells
of glial origin. Similar mechanisms may occur in the ENS, which shares structural and
neurochemical features with the CNS. The enteroglial cells (closely resembling the astrocytes
of the CNS) targeted by the JCV infection may develop abnormalities which prevent their
supportive and trophic mechanisms to neurons. As a consequence, the neuronal component
would be impaired in its maintenance and survival. Unfortunately, there is no suitable in vivo
model in which viral particles induce pathological changes in the brains of infected animals.
38 However, a transgenic model has demonstrated specific viral replication in cells of glial
origins.39 The well recognised pathogenetic activity of JCV in the CNS seen in PML, the
presence of JCV infection of the ENS of patients with CIIP, and the evidence for a Iytic infection
in these patients provides an opportunity for novel insights into this disabling disease.

The samples obtained from the patients with CIIP had increased levels of apoptosis in the
myenteric plexuses. This is of particular interest since oligodendrocytes of patients affected
by PML also show high levels of apoptosis,*° and JCV agnoprotein has been shown to induce
apoptosis in transfected oligodendrocytes.*! Enteric glial cells protect the ENS, and there is
increasing evidence that enteric glia may regulate neuronal activity, similarly to glia in the
CNS. Studies on ENS-associated neuropathies have mainly focused on patterns of
neuropeptide expression and the involvement of the enteric neurons.36 However, there is
increasing evidence which supports a central role for the enteric glia in intestinal dysmotility
disorders.

Mouse models of glia disruption have gathered conflicting results. In our patients with CIIP,
we could not find prominent inflammation either in the plexuses or in the mucosa. This is in
contrast to a previously published transgenic mouse model in which the ablation of the enteric
glia led to fulminant jejunoileitis,*2 but in keeping with the model proposed by Aubé and
colleagues®3 in which the authors do not describe prominent inflammation either in the plexuses
or in the mucosa, but altered motility patterns.

We explored JCV as a possible candidate in the pathogenesis of CIIP because of observations
made in the CNS. The expression of both TAg and viral capsid proteins in enteroglial cells
clearly demonstrates that the virus actively infects the enteric gliain Cl11P. We had three patients
in whom we could not find this, suggesting that other factors may be involved in CIIP.

We cannot exclude the possibility that the role of JCV might be secondary to the underlying
disease, meaning an opportunistic infection rather than a causative agent. However, our results
show that in healthy controls the virus is rarely present at the DNA level in the myenteric
plexuses (3/31), while in the patients with CIIP the virus is in a productive lytic cycle in 70%
of the cases. This result supports the hypothesis that the virus might have an active role in the
development of this disease.

The association between JCV infection and CIIP leads to the hypothesis that this neurotropic
virus may undergo activation from a latent state in the gut to an active lytic infection, with
serious clinical consequences in affected patients. While further evidence is needed to
demonstrate a causative role for JCV in CIIP, these findings open new perspectives in the
pathophysiology and treatment of CIIP, and possibly other idiopathic motility disorders of the
gut.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Immunohistochemical staining of the enteric neural network in patients with chronic idiopathic
intestinal pseudo-obstruction (CIIP) compared with controls. Representative examples of
immunolabelling experiments on cross-sections of patients with CIIP investigated in the
present work. Note the marked reduction in the density and intensity of non-specific enolase-
(NSE), enteroglial protein S100-B-, substance P/related tachykinins- (SP) and vasoactive
intestinal polypeptide (VIP)-immunoreactive perikarya and nerve processes (right panels)
compared with controls (left panels).
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Figure 2.

Upper panel (A—C): microdissection of the myenteric plexus. (A) A myenteric plexus is stained
with neuron-specific enolase-specific antibody before DNA extraction. (B) Microdissection
of the selected area was performed before DNA extraction. (C) Agarose gel electrophoresis of
JC virus (JCV)-positive and -negative samples. Samples are numbered from 1 to 10; C1 and
C2 are two samples extracted from control patients. B, water lane; M, the molecular size
standard. Lower panel (D-F): fluoresce in situ hybridisation (FISH) analysis for JCV DNA.
The left column shows nuclear (4',6-diamidino-2-phenylindole (DAPI)) staining, the middle
column shows the same tissue hybridised with FISH markers for JCV DNA, and the right
column shows the merged images. (D) The myenteric plexus from a patient with chronic
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idiopathic intestinal pseudo-obstruction (CIIP) with positive PCR for JCV DNA shows
multiple areas of hybridisation. (E) The myenteric plexus from a control sample does not show
hybridisation. (F) A section of hamster brain previously transfected with JCV T antigen was
used as positive control. Multiple areas of hybridisation were observed.
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Figure 3.

Immunohistochemical staining of myenteric plexuses for JC virus (JCV) T antigen (TAg), JCV
viral protein 1 (VP1) and glial fibrillary acidic protein (GFAP). Upper panel.
Immunohistochemistry shows expression of TAg (Pab2003) (A) and VVP1 (B) in a patient
affected by CIIP (patient 3). This patient was found to be positive for JCV DNA by both PCR
and fluorescene is situ hybridisation. Patient 7, who was found positive for JCV DNA, tested
negative for both TAg and VVP1 expression. For a negative control we employed myenteric
plexuses from patients affected by colon cancer. For a positive control for TAg we employed
hamster brain tissues expressing the protein. Lower panel: (C) dual immunofluorescence shows
co-localisation (merged panel) between VVP1 expression and GFAP, indicating that the virus
actively replicates in enteric glial cells. As positive controls for VP1 expression we employed
human glial cells expressing the protein.
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Table 4

JC virus infection in chronic idiopathic intestinal pseudo-obstruction (CIIP) patients and controls

Patient no TAg DNA TAg IHC VP1IHC
1 Positive Positive Positive
2 Positive Positive Positive
3 Positive Positive Positive
4 Positive Positive Positive
5 Negative Negative Negative
6 Negative Negative Negative
7 Positive Negative Negative
8 Positive Positive Positive
9 Positive Positive Positive
10 Positive Positive Positive

Control samples:

lleal samples31 2/31 positive 31 negative 31 negative

Colon samples30 1/30 positive 30 negative 30 negative

All samples and controls showed no evidence of BK virus, simian virus 40, cytomegalovirus, herpes simplex virus, varicella zoster virus and Epstein—
Barr virus. IHC, immunohistochemistry; TAg, T antigen; VP1, viral protein 1.
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