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Abstract

AIM: To investigate active cytomegalovirus (CMV)
infection following the cyclosporine A (CyA) treatment of
steroid-refractory ulcerative colitis (UC).

METHODS: Twenty-three patients with severe UC not
responding to steroid therapy (male 14, and female 9)
enrolled at Nagoya University Hospital from 1999 to
2005. They received continuous intravenous infusion
of CyA (average 4 mg/kg per day) for 1 mo. Serum
and colonic biopsy samples were collected before CyA
treatment and 4 d, 10 d, 20 d, and 30 d after treatment.
Patients were evaluated for CMV by using serology (IgM
antibody by ELISA), quantitative real-time PCR for CMV
DNA, and histopathological assessment of hematoxylin
and eosin (HE)-stained colonic biopsies. CMV infection
was indicated by positive results in any test.

RESULTS: No patients had active CMV infection before
CyA treatment. Eighteen of 23 UC patients treated with
CyA were infected with active CMV (IgM antibody in
16/23 patients, 69.6%; CMV DNA in 18/23 patients,
78.2%; and inclusion bodies in 4/23 patients, 17.3%).
There was no difference in the active CMV-infection rate
between males and females. Active CMV infection was
observed after approximately 8 d of CyA treatment,
leading to an exacerbation of colitis. Fifteen of these
18 patients with active CMV infection (83.3%) required
surgical treatment because of severe deteriorating colitis.
Treatment with ganciclovir rendered surgery avoidable in
three patients.

CONCLUSION: Our results suggest that active CMV
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infection in severe UC patients treated with CyA is
associated with poor outcome. Further, ganciclovir is
useful for treatment of CMV-associated UC after immuno-
suppressive therapy.
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INTRODUCTION

Cytomegalovirus (CMV) infection is one of the most
common infectious complications after immuno-
suppressive therapy. It occurs mainly as a secondary
infection in CMV-seropositive patients. CMV infection
is a common viral infection in humans, occurring in
40%-100% of adults. CMV infections are generally
asymptomatic or are manifested as a mild mononucleosis-
like syndromem. Significant CMV disease may occur in
various organs such as the retina, lung, and gastrointestinal
tract, and the target organ is related to the etiology
of immunosuppression"!. Gastrointestinal (GI) CMV
infection is rare in immunocompetent individuals. Clinically
significant GI CMV infection generally occurs in immune-
ocompromised patientsm. In the gastrointestinal tract,
CMYV disease can occut in all locations, from the mouth to
the rectum, and generally involves the formation of ulcers
in the mucosa, often accompanied by hemorrhagem.

Ulcerative colitis (UC) is common all over the world
and is generally more frequent than Crohn’s disease
(CD)". UC is thought to result from the inappropriate
and progressive activation of the mucosal immune system
driven by the presence of normal luminal flora. The
aberrant response is most likely facilitated by defects in
both the barrier function of the intestinal epithelium and
the mucosal immune systemm.

Cyclosporine A (CyA) selectively inhibits immune
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responses mediated by T lymphocytes by modulating the
interaction of calcineurin-calmodulin®. This recognition
has led to its use in patients with severe UC, with variable
results. In an uncontrolled study, approximately 60%-80%
of patients suffering from severe corticosteroid-refractory
ulcerative colitis responded to cyclosporine therapy'™”.
Since an intravenous infusion of CyA has clinical benefits
in patients with steroid-resistant UC, it has been generally
accepted that CyA selectively blocks the activation of
helper and cytotoxic T cells and acts by inhibiting the
nuclear factor of activated T cells and cytokine gene
expression”.,

In Japan, patients with severe, corticosteroid-refractory
or corticosteroid-dependent UC are frequently treated
with strong immunosupptressive agents, including CyA.
Therefore, patients with inflammatory bowel disease (IBD)
are expected to be at an increased risk of infection with
CMV. Despite the frequent use of immunosuppressive
drugs in patients with UC, data on the frequency of CMV
infection and its clinical significance in patients with UC
are limited. The aim of this study was to desctibe our
experience with active CMV infection following treatment
with CyA for UC.

MATERIALS AND METHODS

Patients

Twenty-three patients with severe UC enrolled at Nagoya
University Hospital from 1999 to 2005. They did not
respond to a minimum of 7 d of intravenous systemic
steroid therapy (prednisolone, more than 30 mg/d).
The diagnosis of UC was based on clinical, endoscopic,
radiological, and histological parameters. The study was
approved by the Ethical Committee of the Graduate
School of Medicine, Nagoya University, and all samples
were obtained with informed consent in accordance with
the Helsinki Declaration.

CyA treatment

Twenty-three patients received a continuous intravenous
infusion of CyA in the form of Sandimmun solution
(Novartis Pharma KK, Tokyo, Japan) at an average daily
dose of 4 mg/kg for 1 mo. The CyA dose was adjusted to
maintain a whole-blood CyA concentration of less than
500 pg/L. Complete blood cell counts, C-reactive protein
(CRP), liver function tests (aspartate aminotransferase and
alanine aminotransferase), renal function tests (creatinine
and blood urea nitrogen), and clinical evaluation were
performed before CyA treatment and then 4 d, 10 d, 20 d,
and 30 d after treatment.

Collection of specimens and blood serum samples

Serum samples and colonic biopsy specimens were
obtained from all patients before CyA treatment and
then 4 d, 10 d, 20 d, and 30 d after treatment. Multiple
biopsy samples were obtained from the inflamed area
during colonoscopy for histopathological examination of
inflammatory activity and CMV inclusion bodies; these
samples were fixed in buffered neutral formalin. EDTA-
treated venous blood (5 mL) was obtained from each

patient under aseptic conditions for serological studies.
The plasma was separated by centrifugation.

Histopathology

The colonic biopsy samples were paraffinized, sectioned,
and stained with hematoxylin and eosin (HE). These
sections were microscopically evaluated for the presence
of characteristic cytomegalic cells and “owl’s eye” nuclear
inclusion bodies. Histologically, the activity of IBD
was classified according to a standard system described
previously o,

Sample preparation

For the PCR assays, DNA was extracted from 200 pL. of
plasma by using the QIAamp Blood Kit (QIAGEN Ltd,
Tokyo, Japan), eluted in 100 pL. of distilled water, and
stored at -30°C until analysis.

Serological tests

The presence of anti-CMV IgM antibodies in all sera
were tested by using the CMV IgM ELISA kit (Genesis
Diagnosis Ltd., UK), a commercially available kit, by using
the positive and negative controls provided with the kit.
Virus-specific IgM antibodies were measured in the plasma
regardless of the PCR results.

Real-time semi-quantitative PCR assay

The PCR primers used were from the immediate eartly
(IE) gene"”. The upstream primer was 5-GACTAGTGT
GTGATGATGCTGGCCAAG-3', and the downstream
primer was 5'-GCTACAATAGCCTCTTCCTCATC
TG-3". A fluorogenic probe (5'-carboxyfluotrescein-
AGCCTGAGGTTATCAGTGTAATGAAGCGCC-3"
was located between the PCR primers“”. PCR was carried
out by using a TagMan PCR kit (PE Applied Biosystems,
Foster City, CA), as described previously“”. Briefly, 10 uL
of the DNA extraction solution from the samples was
added to a PCR mixture containing 10 mmol/L of Ttis
(pH 8.3); 50 mmol/L of KCl; 10 mmol/L of EDTA; 5
mmol/L of MgClz; 100 mmol/L of dATP, dCTP, dGTP,
and dTTP; 0.2 mmol/L of each ptimer; 0.1 mmol/L of
fluorogenic probe; and 1.25 U of AmpliTaq Gold (PE
Applied Biosystems). After activation of the AmpliTaq
Gold for 10 min at 95°C, 50 cycles each of 15 s at 95C
and 1 min at 62°C were carried out in a Model 7700
Sequence Detector (PE Applied Biosystems). Real-time
fluorescent measurements were taken and a threshold cycle
(Cr) value for each sample was calculated by determining
the point at which the fluorescence exceeded a threshold
limit (10 X SD of the base line). For a positive control, a
plasmid that contained the IE gene was constructed using
the pGEM-T vector (Promega, Madison, WI) and was
termed pGEM-IE. A standard graph was constructed
using the Cr values obtained from the serially diluted
pGME-IE. The Cr values from the clinical samples were
plotted on the standard curve, and the copy number was
calculated automatically by using Sequence Detector v1.6
(PE Applied Biosystems), a software package for data
analysis. Samples were defined as negative when the Cr
value exceeded 50 cycles“zj. The DNA copy numbers in
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Figure 1 Comparison of initial CMV detection by day among the three methods
Parameter Real-time PCR Serum IgM Inclusion bodies in HE (Real-time PCR, CMV IgM, and HE stain).
(%) antibodies (%) stained biopsy (%)

Number 18 16 4
Sensitivity 100 88.88 22.22 h .. Lo hriti itis. Thei 1
Simtiel 100 100 100 ép.atms, retinitis, nephritis, or pancre.atitls.. el.r only
PPV 100 100 100 clinical symptoms were those of gastrointestinal disorder
NPV 100 714 263 caused by colitis.

the plasma were expressed per milliliters. The minimum
detection level was 100 copies/mL of plasma.

Criteria for diagnosis of CMV infection

Positive results in any tests (IgM antibody, CMV DNA, or
inclusion bodies in HE stained sections) were considered
as evidence of CMV infection.

Statistical analysis

The results were expressed as mean = SD. The P values
below 0.05 were considered significant. The accuracy of
each test was calculated considering a positive result in any
test for CMV as evidence of infection.

RESULTS

Twenty-three patients were treated with intravenous
CyA and they evidenced no severe side effects of the
drug, such as renal failure or liver failure. The patient
characteristics are listed in Table 1. All patients had
received corticosteroids before the initiation of treatment
with CyA. The degree of the severity of UC in all patients
was pan colitis. Prior to treatment with CyA, active CMV
infection was not observed in any of the patients. Eighteen
of the 23 UC patients treated with CyA were infected with
CMV (IgM antibodies in 16/23 patients, 69.6%; CMV
DNA in 18/23 patients, 78.2%; and inclusion bodies in
4/23 patients, 17.3%). The rate of CMV detection by real-
time PCR was significantly higher than other methods (P
< 0.05). There was no difference in the CMV infection
rate between males and females (males, 11/14; 78.57% and
females, 7/9; 77.7%) (Table 2). With the exception of four
of the tissue sections, all the sections from our UC patients
who were treated with CyA were negative for CMV as
demonstrated by histochemistry. After CyA treatment,
none of the CMV-positive patients had pneumonia,

www.wjgnet.com

The median time of onset of the CMV infection after
CyA treatment was 8.5 d (range: 4-20 d).

Real-time PCR detection is the most rapid of the three
methods used (CMV IgM, HE biopsy, and real-time PCR
results) (Figure 1). In particular, the HE biopsy method is
slower and less sensitive than the other methods.

All patients showed an improvement in their symptoms
after the initiation of the CyA treatment. Four CMV-
negative patients treated with CyA showed a drastic
improvement in their symptoms, and one CMV-negative
patient who received CyA showed slight improvement.
The degree of hematochezia progressively decreased after
CyA treatment. CMV-negative patients continued to show
an improvement in their symptoms during CyA treatment;
further, even though CyA treatment was terminated,
no deterioration in the degree of bowel symptoms was
observed. On the other hand, all CMV-infected patients
demonstrated an aggravation of the symptoms of colitis,
Le., an increase in the body temperature and the degree of
hematochezia; after CMV infection (P < 0.05) (Figure 2).
Further, the inflammatory values, i.e., the white blood cell
(WBC) count and the CRP values worsened after CMV
infection (P < 0.05) (Figure 3). However, an assessment of
liver and renal functions after infection did not reveal any
deterioration (Figure 4). After 10 d of CyA administration,
CMV DNA was detected in 16 of the 18 UC patients,
however, the clinical symptoms were improving, On the
other hand, after 20 d, the clinical symptoms worsened
in the CMV infected patients and CMV IgM and the
histopathology results were positive. The values of the
CMV IgM titer and the number of CMV DNA copies
both increased after infection (Figure 5). The increased
CMYV load was followed by an increase in the severity of
colitis.

Fifteen of these 18 patients with CMV infection (83.3%)
required surgical treatment because of uncontrolled, severe
deteriorating colitis. Perforation of the colon was observed
in one of the patients after CMV infection; he underwent
an emergency total colectomy. Nevertheless, in our study,
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Figure 2 Change in clinical symptoms (hematochezia and body temperature)
between CMV-positive and CMV-negative UC patients during intravenous CyA
treatment. Panel A showed the change in the degree of hematochezia. Panel B
showed the change in body temperature. The mean values of each group were
plotted. Symbols: ®, CMV positive; m, CMV negative. °P < 0.05.
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Figure 4 Change in liver function and renal function between CMV-positive and
CMV-negative UC patients during intravenous CyA treatment. Panel A showed the
change in liver function. The mean values of each group were plotted. Symbols:
@, aspartate aminotransferase in CMV positive; m, aspartate aminotransferase
in CMV negative; A , alanine aminotransferase in CMV positive; e, alanine
aminotransferase in CMV negative. Panel B showed the change in renal function.
The mean values of each group were plotted. Symbols: 4, creatinine in CMV
positive; m, creatinine in CMV negative; A , blood urea nitrogen in CMV positive; e,
blood urea nitrogen in CMV negative, respectively. NS represented not significant.
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Figure 3 Change in inflammation markers between CMV-positive and CMV-
negative UC patients during intravenous CyA treatment. Panel A showed the
change in WBC count. Panel B showed the change in CRP value. The mean
values of each group were plotted. Symbols: ¢, CMV positive; m, CMV negative.
°P<0.05.
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Figure 5 Change in mean CMV IgM value and CMV viral DNA load after CMV
infection. Panel A showed the change in mean CMV IgM value after infection.
Panel B showed the change in mean CMV viral load after infection.

there were no deaths among the UC patients after CMV
infection.

Only three patients (males 2, and female 1) showed an
improvement in the sevetity of colitis and did not require
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a colorectomy since they were treated with ganciclovir
following the identification of the CMV infection. The
CMYV IgM values did not decrease after ganciclovir
treatment. However, in these three patients, the CMV
DNA copy number decreased and did not show any
further increase. Further, CMV infection was detected
in one of the patients by an HE histopathological study.
After ganciclovir administration, the owl’s eye sign in the
colon tissue was not observed. Thus, the three patients
who were treated with ganciclovir were not reinfected with
CMV although CyA treatment was continued.

DISCUSSION

We clarified a possible relationship between CMV
infection and UC treated with CyA. We showed a
significant deterioration in the clinical symptoms and
the inflaimmatory response after active CMV infection.
However, no impairment in hepatic or renal function
was observed since we could not detect either CMV
hepatitis or acute renal failure. Our results suggest that
CMV infection in patients with severe UC treated with
CyA is associated with a pootr outcome because of severe
deterioration in UC.

In general, a primary CMV infection, which is
usually acquited early in life, is overcome by the humoral
and cellular immunological response. Thereafter, the
virus remains latent, particularly in endothelial cells
and monocytes. Reactivation occurs during the use of
immunosuppressive drugs. The viral load is the highest
during active infection and the lowest during the latency
stage in immunocompetent petsons. We observed that
CyA treatment may cause the reactivation of CMV and
a subsequent deterioration in colitis. During a CMV
infection, an increase in intestinal permeability has been
shown to occur in kidney transplant recipients"". This
defect in the batrier function may facilitate the exposure
of the mucosal immune system to antigens from the
luminal flora. CMV may also spread from the mucosa to
the bloodstream because of such a defect in the barrier
function, leading to CMV viremia in the bloodstream.

Steroid-resistant UC is defined as persistent active
disease despite high-dose systemic corticosteroid therapy.
A history of steroid resistance increases the possibility of
complications such as CMV infection. CMV infections
were detected in 4.6% to 13% of the patients diagnosed
with UC'™' Up to 33% of the patients with severe
steroid-refractory UC wete found to harbor the CMV
virus. CMV was detected in 25% of the patients with
steroid-refractory UC as compared to only 2.5% of
patients with medically non-refractory UC. All the cases
of UC with CMV infection in other investigations were
clinically severe and steroid-resistant, and approximately
70% of the cases suffered from an acute exacerbation of
symptoms and required immediate emergency surgeries.
These results may suggest that CMV is not a coincidental
occurrence but an exacerbating factor!"”.

Although it is important to prevent the development
of CMV disease”, the availability of rapid, sensitive, and
reliable methods for the early diagnosis of CMV infection
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is desirable!"”. As mentioned above, CMV disease can
take many forms, depending upon the type of patient
group under consideration. A consensus is available from
the international CMV workshop for the definition of
CMV disease™. The guidelines are purposefully rigorous
and have aided the interpretation of clinical trial data
and population based studies. However, they are likely
to lead to an under appreciation of the contribution of
CMV to patient morbidity. This is particularly true in
the case of the histopathological diagnoses of CMV.
Gastrointestinal symptoms along with histopathologically
detected CMV are widely acceptable diagnostic criteria
for CMV infections. In particular, the histopathological
study of colon tissue is considered acceptable for CMV
detection. Many CMV inclusion bodies were found in
the surgical specimens of the UC cases in which CMV
infection was detected, whereas CMV infection had not
been detected by biopsy prior to surgery. CMV infection
was observed in only 1 of the 55 cases investigated by
endoscopic biopsy; however, it was detected in 8 of the
39 surgical cases' . Thus, it was rather difficult to detect
CMYV infection by biopsy, possibly because of sampling
limitations. The characteristic inclusion bodies are not
readily visible in routinely performed HE staining and
CMV-infected cells are not always cytomegalic; therefore,
the histopathological examination of the colonic biopsies
had the lowest sensitivity. It has been suggested that CMV
inclusion bodies are found more frequently in the right
colon than in the left"”; hence, multiple biopsies were
taken from the colon, particularly from the inflamed and
ulcerated areas, considering the fact that CMV exhibits
tropism for the inflamed sites™. Therefore, it is likely
that the false-negative results in the present study were
related to sampling errors. Although our study did not
confirm this, an immunohistochemical study of biopsy
specimens may be more useful in diagnosis; however,
immunohistochemistry is not a convenient tool for routine
diagnosis.

The investigation of plasma CMV DNA is a simple,
noninvasive, and nontraumatic method for evaluating and
monitoring the CMV infection in patients. Procedures
such as endoscopy and biopsies are traumatic and
uncomfortable for a UC patient. The CMV-associated
disease is generally the result of the reactivation of latent
viruses rather than reinfection with the virus, and the
measurement of CMYV antibodies is often of no diagnostic
use.

The real-time PCR assay was found to be as useful
as the pp65 antigenemia assay because they were highly
correlated"”. Unlike the conventional qualitative PCR
assay, which is not beneficial for determining the
termination of antiviral therapy®', this assay showed
that the copy numbers of CMV DNA decreased and
disappeared in response to anti-CMYV therapy. Additionally,
with this PCR method there is almost no room for
bias due to subjective assessments by technicians. One
investigator reported that real-time PCR is more sensitive
(92%) than the pp65 test (88%) with regard to positive
findings. Further, the correlations between real-time
PCR and the pp65 antigenemia assay were statistically
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significant™. The advantage of quantitative techniques is
that by defining a “threshold value” of CMV load, they
may allow a distinction between the commonly occurring,
clinically irrelevant CMV infection and the levels of active
CMYV replication that are likely to lead to clinical disease™.

However, there is still disagreement with regard to the
optimal type of sample material, for example, leukocyte
fractions versus plasma versus whole blood, and to the
desirable sensitivity, which depends on the initial sample
volume.

We used a quantitative CMV PCR assay that was able
to quantify CMV DNA in plasma over the 100 copies/mL.
The assay is fully controlled for maximal efficiency 1 at
all steps. This is achieved by employing the widely used
principle of an “internal control” and taking it one step
further as a control for extraction efficacy.

Although the quantitative results obtained with
different assays are difficult to compare because of the
absence of an international standard, the results obtained
with quantitative PCR correlate well with those of a
number of other assays, and its sensitivity is generally
higherlz‘”. The high sensitivity of the quantitative PCR assay
is partly due to the use of a relatively large sample volume
and the concentration of the DNA contained therein.
Using plasma appears to avoid the loss of sensitivity
as reported previously as compared to using whole
blood or leukocytele5J. Using plasma may also avoid the
possibility of amplifying “latent” CMV from leukocytes.
The exclusion of CMV DNA of intracellular origin may
increase the clinical relevance of latent CMV detection;
this in turn may decrease the predictive value of the test
for active CMV infection™. Plasma is also easier to handle
than cellular fractions such as leukocyte preparations and
is better standardized, particularly in leukopenic patients.
In HIV-positive individuals, the CMV load in whole blood
and plasma has also been shown to be an important
indicator of pathogenesis””. The presence of CMV DNA
in the blood of HIV-positive patients identifies a group of
patients who are almost 20 times more likely to progress
to CMV disease than those who remain negative for CMV
DNA in their blood™. In addition, an increasing CMV
load in the blood was associated with an increased risk
of disease progression[zgl. CMYV load was correlated with
tissue samples obtained at the postmortem examinations
of the HIV patients with histological evidence of CMV
inclusions, and it was found that a viral load of > 5000000
genomes/pug DNA is required before CMV inclusions
are observed™. It should be noted that some of these
manifestations do not satisfy the criteria outlined for the
diagnosis of CMV disease. Thus, it appears likely that
cases of CMV colitis may also be dismissed because they
do not meet the definition of CMV infection, despite the
presence of clinical symptoms and CMV DNA in the
blood. It is important to appreciate that with the advent
of more sensitive molecular-based assays, a reappraisal of
many of these definitions may be required.

In conclusion, a CMV infection in patients with
steroid-resistant UC should be ruled out prior to initiating
aggressive immunosuppressive therapy such as CyA for
steroid-resistant UC. Further, ganciclovir as an anti-viral

agent is useful for the treatment of CMV-associated UC
after immunosuppressive therapy.
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Background

Cytomegalovirus (CMV) infection is one of the most common infectious
complications after immunosuppressive therapy. Ulcerative colitis (UC) is thought
to result from the inappropriate and progressive activation of the mucosal immune
system driven by the presence of normal luminal flora. Cyclosporine A (CyA)
selectively inhibits immune responses mediated by T lymphocytes by modulating
the interaction of calcineurin-calmodulin. This recognition has led to its use in
patients with severe UC. In Japan, patients with severe UC are frequently treated
with CyA and are expected to be at an increased risk of infection with CMV.
Despite the frequent use of immunosuppressive drugs in patients with UC, data on
the frequency of CMV infection and its clinical significance in patients with UC are
limited.

Research frontiers
The aim of this study was to describe our experience with active CMV infection
following treatment with CyA for UC in Japan.

Innovations and breakthroughs

Twenty-three patients with severe UC not responding to steroid therapy at Nagoya
University Hospital received continuous intravenous infusion of CyA (average 4
mglkg per day) for 1 mo. Serum and colonic biopsy samples were collected from
all patients before CyA treatment and 4 d, 10 d, 20 d, and 30 d after treatment and
were evaluated for CMV by using serology (IgM antibody by ELISA), quantitative
real-time PCR for CMV DNA, and histopathological assessment of hematoxylin
and eosin -stained colonic biopsies.

Applications

No patients had active CMV infection before CyA treatment. Eighteen of 23 UC
patients treated with CyA were infected with active CMV (IgM antibody in 16/23
patients, 69.6%; CMV DNA in 18/23 patients, 78.2%; and inclusion bodies in 4/23
patients, 17.3%). Fifteen of these 18 patients with active CMV infection (83.3%)
required surgical treatment because of severe deteriorating colitis. Treatment with
ganciclovir rendered surgery avoidable in three patients. Active CMV infection in
severe UC patients treated with CyA is associated with poor outcome. Further,
ganciclovir is useful for treatment of CMV-associated UC after immunosuppressive
therapy.

Terminology

CMV infection is one of the most common infectious complications in immune-
compromised patients. UC is chronic inflammation colitis thought to result from the
inappropriate and progressive activation of the mucosal immune system driven by
the presence of normal luminal flora. CyA is a drug to inhibit immune responses
selectively mediated by T lymphocytes by modulating the interaction of calcineurin-
calmodulin.

Peer review

Severe ulcerative colitis is a potentially life-threatening condition. Traditional
treatment for such patients is high-dose intravenous corticosteroids but up to 40%
of patients become refractory to this treatment. In these patients CyA therapy
has been shown to have an initial positive clinical response in many patients.
However, i.v. cyclosporine is recommended only as short term “bridging” therapy
to induce remission followed by azathioprine or 6-mercaptopurine maintenance
therapy. In the present study Minami and coworkers investigated the frequency of
the development of a CMV infection during a continuous intravenous cyclosporine
treatment in ulcerative colitis and the clinical outcome in CMV infected vs. non
infected patients. The study is of interest.
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