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Abstract Cytomegalovirus (CMV) reactivation is a common
complication in patients with inflammatory bowel diseases
(IBD), particularly in those with steroid-resistant ulcerative
colitis. It is usually diagnosed by histopathologic and immu-
nohistochemical examination of the colon biopsy. The intro-
duction of quantitative, real-time polymerase chain reaction
(qPCR) has been recommended to improve the sensitivity,
but there is little consensus on how to use it. We compared
the two methods in samples from resected bowel of patients
with IBD. Twelve patients with IBDwho had undergone bow-
el resection were analysed for CMV, using qPCR and immu-
nohistochemistry. In all cases, tissue samples from the base
and the edge of ulcers and from uninvolved mucosa were
obtained. The highest densities of CMV-positive cells were
found in samples from the base of ulcers (immunohistochem-
istry 0–0.47 positive cells/mm2; qPCR 10–3809 viral
copies/mg) or the edge of ulcers (immunohistochemistry
0.06–0.32 positive cells/mm2; qPCR 35–1049 viral
copies/mg). In samples of uninvolved mucosa, immunohisto-
chemistry was negative, whereas qPCRwas either negative or
showed very low values (0–3 viral copies/mg). We conclude
that both immunohistochemistry and qPCR can be successful-

ly used for diagnosing CMVreactivation in patients with IBD.
The base and the edge of ulcers are the optimal sites for en-
doscopic biopsies. The density of CMV-positive cells was low
and their distribution within the colon uneven. It therefore
seems that the number of sampled biopsies and/or the number
of investigated levels is more important that the choice of
diagnostic method.

Keywords Inflammatory bowel disease . CMV .Diagnosis .

Immunohistochemistry . PCR . Prognosis

Introduction

Cytomegalovirus (CMV) is a member of the Herpesviridea
family, causing common infection in humans, usually present-
ing as a mild, self-limited mononucleosis-like syndrome. Af-
ter primary infection, the virus becomes latent and can be
reactivated, particularly in a situation of immunosuppression,
such as in patients with organ transplantation or in those re-
ceiving immunosuppressive treatment [1, 2]. It is important to
distinguish between CMV infection and CMV disease. CMV
infection is defined as isolation of CMV virus or detection of
viral proteins or nucleic acids from body fluid or tissue, while
CMV disease is defined as a combination of clinical symp-
toms, morphologic changes in the target organ(s) and demon-
stration of CMV in tissue by immunohistochemistry, in situ
hybridisation or culture [3]. In patients with CMV reactiva-
tion, the colon is one of the most frequently involved organs
[4]. Patients with inflammatory bowel disease (IBD) are a
special risk group, particularly those with ulcerative colitis
(UC) with a poor response to corticosteroid treatment [5–9].
It rarely occurs in patients with Crohn’s disease (CD) [8, 10,
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11]. In patients with IBD, CMV reactivation is usually limited
to the colon [5, 7, 12], systemic involvement is rare [13].

The clinical significance of CMV reactivation in patients
with IBD remains controversial [14–16]. It seems that it is
often a self-limited condition that does not require special
treatment [10, 17–19]. However, there is evidence suggesting
that it may be associated with a significant morbidity [7, 9,
20–22]. In these patients, antiviral therapy would probably be
beneficial.

Diagnosing CMV reactivation in the colon is another unre-
solved issue. Several methods for CMV detection are avail-
able, with variable sensitivity and specificity, which can be
performed on blood, peripheral leukocytes, body fluids etc.
[1]. Most of them are of little value for diagnosing CMV
colitis, particularly in patients with IBD, in whom CMV reac-
tivation is usually limited to the colon and is not a part of
systemic disease. Histopathologic examination of the colon
biopsy with immunohistochemistry remains the gold standard
for diagnosing CMV colitis [6, 12, 19, 23]. The introduction
of quantitative, real-time polymerase chain reaction (qPCR)
has been recommended in the diagnostic procedure of CMV
colitis to improve the sensitivity, but there is little consensus
on how to use it [9, 19, 24].

The aim of our study was to compare the two most impor-
tant methods for detection of CMV, immunohistochemistry
and qPCR, in samples from the resected colon of patients with
IBD. We analyzed the density of CMV-positive cells in vari-
ous sites of the resected colon to determine the optimal site for
endoscopic biopsy, and we tested qPCR for CMVon formalin-
fixed, paraffin-embedded tissue. The case selection was also
important. The patients included in the study had CMV and
IBD with various clinical significance, reflecting the complex
nature of CMV reactivation in IBD.

Materials and methods

The study was approved by the Ethical Commission of the
Republic of Slovenia.

The files of the Institute of Pathology, Faculty of Medicine,
University of Ljubljana, were searched for the last 3 years for
bowel resections from patients with IBD with positive immu-
nohistochemistry for CMV. The control group consisted of
bowel resections from matched patients with IBD with nega-
tive immunohistochemistry for CMV. Finally, bowel resec-
tions were also included from patients with IBD in whom
biopsy prior to surgery exhibited positive immunohistochem-
istry for CMV but was negative on resection specimens. The
diagnosis of IBD was made on the basis of clinical, endoscop-
ic, radiologic and histological findings. For the purpose of this
study, the most important demographic (age, gender) and clin-
ical data (IBD type and duration, therapy, indication for bowel
resection) were collected.

The resection specimens had been handled according to the
published international guidelines [25]. Samples had been tak-
en from inflamedmucosa, ulcers and erosions, as well as from
resection margins and macroscopically normal mucosa, if
present. All samples had been embedded in paraffin and cut
at 4 μm, stained with haematoxylin and eosin (HE) and ana-
lyzed according to standard procedures. Immunohistochemis-
try had been performed on the basis of microscopic features or
on the basis of clinical suspicion. PCR had not been per-
formed as part of routine procedure.

For the purpose of this study, all HE slides were reviewed,
and in each case, 3 samples with corresponding paraffin
blocks were chosen for additional analyses (immunohisto-
chemistry and qPCR): one from the base of erosions/ulcers
with abundant granulation tissue, one from the edge of the
erosions/ulcers, and one from the normal/uninvolved mucosa.
If this was not present, the sample with the least involved
mucosa was chosen; it may have contained inflammation,
but not erosions or ulcers.

For immunohistochemistry, 3 step sections at 50 μm inter-
vals were obtained from the selected paraffin blocks. Com-
mercially available antibodies against CMV (Dako, CCH2+
DDG9, dilution 1:20) were used. Antigen retrieval and stain-
ing with antibodies was performed in an automatic
immunostainer Benchmarck™ XT (Ventana Medical System,
Tucson, AZ, USA). Sections were treated with biotinylated
secondary antibody, followed by incubation with peroxidase
conjugated streptavidin (iVIEW™ DAB Detection Kit,
Ventana Medical System, Tucson, AZ, USA). Visualisation
of the immunoreaction was carried out with 3.3′ diaminoben-
zidine. Finally, sections were counterstained with
haematoxylin. The density of positive cells was determined
using NIS Elements microscope imaging software for micros-
copy (Nikon, Tokyo, Japan) and expressed as the number of
positive cells per square millimeter. Positive controls and neg-
ative controls omitting the primary antibodies were also
included.

The extraction of nucleic acids from paraffin-embedded
tissue was performed manually, using QIAamp DNA Mini
Kit (Qiagen GmbH, Hilden, Germany) according to the
manufacturer’s instructions. Extracted nucleic acids were
eluted in 100 μl of elution buffer. Quantitative real-time
PCR was performed using R-gene CMV HHV6,7,8 diag-
nostic reagents (Argene, BioMerieux, France), with 10 μl
of DNA in 25 μl reaction volume, using Roche
LightCycler 480 II system (Roche Applied Science, Mann-
heim, Germany). The positive results were expressed as
genome copies of CMV per milligram of paraffin-
embedded tissue.

For statistical analysis, the results of immunohistochemis-
try and PCR had been attributed a value of 0 for a negative
result and a value of 1 for a positive result. Results have been
compared using two-tailed Fisher’s exact test.
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Results

The most important demographic and clinical data and the
results of immunohistochemistry and qPCR are presented in
Table 1.

Group 1 (patients 1–5 in Table 1) consisted of 5 patients
with IBD with CMV reactivation (4 patients with UC and 1
with CD). There were 3 females and 2 males, aged 24–
67 years (mean 51.4±18.3). Patients had suffered from IBD
for 1 to 8 years (mean 3.2±2.95). In 1 patient, the indication
for surgery was perforation of the colon, and in the remaining
patients, indication for surgery was severe colitis, unrespon-
sive to treatment.

Group 2 (patients 6–10 in Table 1) consisted of 5 patients
with IBD with no immunohistochemical evidence of CMV
reactivation (4 patients with UC and 1 with CD). There were
3 females and 2 males, aged 27–65 years (mean 49.6±15.27).
Patients had suffered from IBD for 1 to 14 years (mean 4.8±
5.40). In 1 patient, the indication for surgery was perforation
of the colon, and in the remaining patients, the indication for
surgery was severe colitis, unresponsive to treatment.

Group 3 (patients 11–12 in Table 1) consisted of 2 patients
(a female and a male, aged 34 and 69 years) with UCwho had
immunohistochemically proven CMV reactivation on biopsy,
but not on subsequently performed resection of the colon.
Patients had suffered from IBD for 1 and 2 years, respectively
(mean 1.5 years).

Immunohistochemistry for CMV was positive in all pa-
tients from Group 1 (patients 1–5 in Table 1 and Fig. 1). The
density of positive cells in samples from the base of ulcers
ranged from 0 to 0.47 cells/mm2 (mean 0.25±0.20) and in
the samples from the edge of ulcers, it ranged from 0.06 to
0.32 cells/mm2 (mean 0.17±0.11). In 4 patients, the highest
density was found in samples from the base of the ulcer, and in
one patient, in samples from the edge of the ulcer.

No positive cells were found in the samples of uninvolved/
the least involved mucosa. In these samples, mucosa was nor-
mal in 2 cases and inflamed in 3 cases, but there were no
erosions or ulcers.

Immunohistochemistry was negative in all samples from
Groups 2 and 3 (patients 6–12 in Table 1). In samples of
uninvolved/the least involved mucosa, mucosa was normal
in 4 cases and inflamed in 3 cases, but there were no erosions
or ulcers.

qPCR for CMV was positive in all patients from Group 1
(patients 1–5 in Table 1). The number of viral copies/mg of
paraffin-embedded tissue in samples from the base of ulcers
ranged from 0 to 3809 (mean 1578.60±1669.49), in samples
from the edge of ulcers from 35 to 1049 (mean 437.20±
456.91), and in samples from uninvolved mucosa, it ranged
from 0 to 3 (mean 0.8±1.3). In 3 patients, the highest values
were observed in samples from the base of ulcers, and in 2
patients, in samples from the edge of ulcers. qPCR for CMV

was negative in all patients from Groups 2 and 3 (patients 6–
12 in Table 1).

Positive or negative immunohistochemical result
corresponded to a positive or negative qPCR, respectively
(p=0.002 for base of ulcer and p=0.0013 for edge of ulcer,
Fisher’s exact test).

Discussion

Our results indicate that CMV colitis can be successfully di-
agnosed by immunohistochemistry and qPCR. The highest
values of CMV by both methods were detected in samples
from the base of the ulcer in some patients, and in samples
from the edge of the ulcer in the others. These findings suggest
that, at endoscopy, biopsy samples should be obtained from
the base and edge of ulcers. Our study also shows that qPCR
can be successfully performed on formalin-fixed, paraffin-
embedded tissue.

Immunohistochemistry is generally accepted as the
gold standard for diagnosing CMV colitis. Our results
fully support this view. In contrast to other organs,
CMV infection in the colon, particularly in association
with IBD, does not always produce the diagnostic large
cells with viral inclusions with owl’s eyes appearance.
Rather, the infected cells are frequently smaller, up to
twice as big as their normal counterparts, and have
small basophilic inclusions, often with no characteristic
clear halo. They have been called “atypical inclusions”
[5]. A diagnosis of CMV colitis cannot therefore be
made on the basis of morphology alone. Immunohisto-
chemistry must be performed in all cases with suspi-
cious enlarged cells and/or clinical indication. Positive
cells usually show nuclear and occasionally cytoplasmic
inclusions, mostly located in endothelial cells. In our
study, the density of positive cells was highest in sam-
ples from the base of ulcers, but they were also found
in samples from the edge of ulcers. The density of
positive cells was low, from 0.06 to 0.47 per mm2.
Importantly, positive cells were not detected in unin-
volved mucosa.

In contrast to immunohistochemistry, the use of qPCR in
the diagnosis of CMV reactivation in IBD is more controver-
sial. Recent guidelines of the European Crohn’s and Colitis
Organisation (ECCO) recommend the use of qPCR to diag-
nose CMV colitis [19]. However, there is little consensus on
how to use it, and the use of qPCR on colon tissue alone is not
widely considered to provide definitive proof of CMV colitis
[3, 26]. The most important concern is related to the specific-
ity of PCR [12, 27–29]. CMV typically produces latent infec-
tion residing in leukocytes. The concern has been raised that
positive PCR might therefore not necessarily reflect active
disease in the colon but only latent infection. However, in
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our study, we observed good correlation amongst the density
of positive cells by immunohistochemistry, the morphology
and the number of viral copies by qPCR. Furthermore, good
correlation was also found in uninvolved mucosa: there were
no positive cells by immunohistochemistry and qPCR was
either negative or gave very low values of viral copies. The
usefulness of both immunohistochemistry and qPCR for de-
tecting CMV reactivation is further supported by our observa-
tion of negative qPCR and immunohistochemistry in the
resected colon of two patients with IBD who had had
biopsy-proven episodes of CMV reactivation prior to

resection. These results suggest that past episodes of CMV
reactivation in the colon do not result in positive PCR.

Another problematic issue is fresh versus paraffin-
embedded tissue. Previous investigations have mostly been
performed on fresh tissue, which can be difficult to obtain in
routine practice, while formalin-fixed, paraffin-embedded tis-
sue samples are widely available. Introduction of qPCR on
formalin-fixed, paraffin-embedded tissue would enable prior
routine histopathology evaluation and immunohistochemistry
and the selection of the most appropriate block for qPCR,
when necessary. Recent studies by Mills et al. [30] and

Fig. 1 Cytomegalovirus
reactivation in ulcerative colitis. a
Macroscopic features of the
resected colon: diffuse erythema
of the mucosa, with ulcerations
and pseudopolyps. b Base of an
ulcer with abundant proliferation
of granulation tissue, without
clearly visible viral inclusions. c
A small, atypical inclusion in an
endothelial cell (arrow). d
Positive immunohistochemical
reaction in two capillary
endothelial cells
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MyCoy et al. [31] and our own results clearly show that PCR
can be successfully performed on formalin-fixed, paraffin-
embedded tissue samples. It must be kept in mind, however,
that the number of viral copies per mg of paraffin-embedded
tissue will be lower than in the same amount of fresh tissue.

Our findings are in accordance with recent studies compar-
ing immunohistochemistry and qPCR for CMVon endoscopic
biopsy samples of gastrointestinal mucosa [30, 31]. In these
studies, qPCR also proved to be a sensitive and specific meth-
od for detection of CMV disease. For qPCR, a specificity of
98.7 % was found using traditional histology as a true
negative definition. For traditional histology, a 97 % specific-
ity was detected using qPCR as a true negative definition [31].
There is, however, an important difference in relation to the
three studies: in the present study, only patients with IBDwere
included, whereas other patients with CMV disease of the
gastrointestinal tract were also included in the other two [30,
31], for example those with HIV and after organ transplanta-
tion. This different patient selection is important because, in
our experience, CMV reactivation in IBD patients is even
more difficult to diagnose than in other patients, because the
characteristic viral inclusions tend to be scarce.

Our selection criteria resulted in a small number of patients,
because surgical therapy in such patients is quite rare. This is
the main limitation of our study. However, this approach en-
abled to perform analyses which would not be possible in
small endoscopic colon samples, usually available in routine
work. In resection specimens of the colon, enough tissue was
available for comparison of the twomethods. Furthermore, we
were able to choose samples from various sites: from the base
and edge of the ulcers and erosions, and from uninvolved
mucosa to analyse the density and distribution of CMV-
positive cells within the colon.

Finally, our study unfortunately does not provide an answer
to the most important question—that of the clinical signifi-
cance of CMV reactivation in patients with IBD. In fact, the
patients included in our study reflect the complex nature of
CMV reactivation in the colon. It appears that in rare patients,
CMVreactivation is associated with severe complications (for
example, perforation of the colon), and they would probably
benefit from antiviral treatment, whereas in the others, CMV
reactivation is a self-limiting disease that does not require
treatment. Episodes of CMV reactivation also occur in pa-
tients with severe colitis that responds poorly to treatment
and eventually requires surgical treatment, regardless of
CMV reactivation. It remains to be determined which patients
with CMV colitis would benefit from treatment with antiviral
agents.

In conclusion, both immunohistochemistry and qPCR can
be successfully used for diagnosing CMV reactivation in pa-
tients with IBD. The base and the edge of ulcers are the opti-
mal sites for endoscopic biopsies. We agree with Mills et al.
[30] suggesting that qPCR should be used as an adjunct to

immunohistochemistry in biopsies in which immunohisto-
chemistry is negative or equivocal but a strong clinical suspi-
cion of CMVreactivation exists. The density of CMV-positive
cells was low and their distribution within the colon was un-
even. It therefore seems that the amount of tissue evaluated, as
illustrated by the number of sampled biopsies and/or the num-
ber of investigated levels, is more important that the choice of
diagnostic method. Future studies, which specifically address
this issue, are warranted.
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