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Polymerase chain reaction for detection of mucosal 
cytomegalovirus infection in patients with acute ulcerative colitis
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Abstract Background Cytomegalovirus (CMV) infection is associated with acute exacerbations of 
ulcerative colitis (UC) but its clinical relevance remains uncertain. The primary aim of this study 
was to assess the prevalence of CMV infection in UC patients using viral polymerase chain 
reaction (PCR) analysis of mucosal biopsy samples. Secondary aims were to establish whether 
the disease was due to a primary infection or reactivation and to note associated risk factors and 
clinical outcomes.

Methods Since 2011, a policy of biopsy for CMV infection was adopted for severe UC patients in 
a large tertiary center. A retrospective review was undertaken to identify patients with mucosal 
biopsies for exacerbations of UC from October 2011 through January 2014.

Results Sixty biopsies for CMV PCR were obtained from 52  patients, 15 of whom were 
positive. In these patients, 9/9 tested were seropositive for anti-CMV IgG, while none were 
seropositive for anti-CMV IgM. Steroid refractory disease was a significant predictor of CMV 
positivity; however, there was no difference between the CMV-positive and -negative groups 
in rates of immunosuppression, or clinical and endoscopic severity. Six patients in the CMV-
positive group received infliximab; all received concurrent antiviral therapy and did not 
require surgery.

Conclusions PCR of mucosal biopsies detected CMV infection due to viral reactivation in 
almost a third of patients with deteriorating or acute severe UC. Steroid refractory disease 
was significantly associated with CMV positivity, but no significant relationship was 
demonstrated with either disease severity or immunosuppression in our cohort. Treatment 
with anti-tumor necrosis factor agents was administered safely in combination with antiviral 
drugs.
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Introduction

Cytomegalovirus (CMV) infection may be a factor 
in acute exacerbations of ulcerative colitis (UC) [1-4]. 

Laboratory evidence of past infection is found in 37-97% of 
the adult population [5,6]; following the primary infection, 
CMV persists in a state of lifelong latency. Patients with UC 
may be at increased risk of reactivation of latent CMV due to 
colonic inflammation and immunosuppression [7,8]. It has 
been suggested that, if mucosal CMV infection complicates 
an acute flare up of UC, outcomes are worse, with greater 
mortality and morbidity, and up to a 50% chance of 
colectomy [2-4,8].

The primary aim of this study was to assess the prevalence of 
CMV infection in patients with acute UC using viral polymerase 
chain reaction (PCR) analysis of mucosal biopsies. Secondary 
aims were: a) to clarify whether the presence of colonic CMV 
was due to viral reactivation or primary infection; b) to assess 
risk factors for CMV infection; and c) to assess the outcomes of 
the patients with CMV infection; in particular, those receiving 
anti-tumor necrosis factor (TNF)-α therapy.
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Patients and methods

Patients

Following the introduction of a policy of assessment for 
CMV infection, patients undergoing lower gastrointestinal 
endoscopy with mucosal biopsies for exacerbations of UC 
were identified retrospectively from laboratory records. Adult 
patients (aged ≥16) who had a biopsy from October 2011 
through January 2014 were included. The diagnosis of UC 
was based on histological criteria [9]. Extent of disease was 
recorded using the Montreal classification [10].

Clinical, endoscopic, laboratory and histological data were 
retrieved from patients’ clinical notes and hospital electronic 
systems. The Mayo disease activity score [11] within 24  h of 
endoscopy was calculated retrospectively. Baron score [12] was 
used to describe endoscopic severity.

Systemic corticosteroid use was assessed as any steroid 
exposure within 1  month, cumulative steroid dose and 
significant steroid exposure (defined as prednisolone 
≥10  mg/day for ≥14  days prior to biopsy). Prednisolone 
equivalent dose was calculated when patients had received 
intravenous hydrocortisone, with 20 mg hydrocortisone being 
equivalent to 5 mg prednisolone [13].

Patients were deemed to be refractory to systemic 
corticosteroid therapy if they needed escalation of treatment to 
anti-TNF therapy, cyclosporine or surgery, or had a C-reactive 
protein (CRP) level >35 mg/L on day 3 of in-patient treatment 
with intravenous corticosteroids. Clinical response was 
established using physician global assessment based on a clear 
decrease in stool frequency and CRP.

CMV infection

The presence of CMV infection was assessed using a 
combination of PCR of viral DNA from mucosal biopsies, 
PCR of viral DNA from peripheral blood samples, serology 
for antibodies to CMV and histopathological assessment of 
mucosal biopsy samples.

Mucosal and peripheral blood PCR

Biopsy samples were taken with standard endoscopy 
forceps (Boston Scientific 2.8 mm) and transported in saline. 
Nucleic acid was extracted from biopsies using Qiagen Qiamp 
DNA Mini kit (Hilden, Germany) and amplified using Qiagen 
Artus CMV kit on the Qiagen Rotor-gene (Qiagen, Hilden, 
Germany). For peripheral blood, plasma samples were 
extracted using a magnetic particle-based extraction assay, 
MagNA Pure 96 system (Roche, Basel, Switzerland). The 
purified nucleic acid was then tested using the same PCR kit 
as the biopsies (Qiagen, Hilden, Germany). CMV DNA testing 
was performed in a United  Kingdom Accreditation Service 
(UKAS) laboratory.

Serology

CMV IgG and IgM antibody detection was performed by 
chemiluminescence using a Liaison®XL automated analyzer 
(DiaSorin, Saluggia, Italy).

Histology

Biopsy tissue was fixed in formalin, processed using 
alcohol, xylene and wax and then cut into sections. All samples 
were stained with hematoxylin and eosin (H&E) and were 
examined using light microscopy and reported by a consultant 
histopathologist. Where additional immunohistochemical 
(IHC) assessment was undertaken, this involved an additional 
stain of monoclonal antibodies specific to CMV antigens.

Other tests

CRP

Plasma CRP levels were measured with a particle enhanced 
immunoturbidimetric assay, Roche/Hitachi Cobas c 501 
(Roche, Basel, Switzerland).

Statistical analysis

The Mann-Whitney U test was used to compare the 
Baron and Mayo scores between the biopsy CMV PCR-
positive and -negative patients. A binomial logistic regression 
model was used for analysis of possible predictors of 
CMV positivity. Chi-square analysis was used to compare 
immunosuppression, rates of steroid refractory disease and 
surgery between CMV PCR biopsy-positive and  -negative 
patients. IBM SPSS statistics and Microsoft Excel were used. 
A P value <0.05 and 95% confidence intervals were deemed 
statistically significant.

Ethical statement

Ethical approval was not required as the review was a 
retrospective service evaluation of routine clinical care.

Results

Clinical and demographic characteristics

Fifty-two patients were identified and altogether 65 
endoscopies were performed. Biopsies for CMV PCR were 
taken from 60 of these. Baseline clinical and demographic 
characteristics of all patients are shown in Table 1. Twelve of 
the 52  patients underwent repeat endoscopy and 1  patient 
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underwent 3 endoscopies during admission. Patients 
underwent repeat endoscopy for ongoing clinical symptoms 
despite treatment, manifested as a raised Mayo score or 
ongoing stool frequency. Further details of the patients 
undergoing repeat endoscopy are shown in Table 2. Of the 15 
CMV-positive patients, 10 had mucosal CMV DNA present 
on the biopsies from their first endoscopy and did not have a 
repeat endoscopy.

CMV infection

Table 3 summarizes the findings for CMV infection. Plasma 
CMV DNA PCR was performed in 11/15 CMV biopsy-positive 
patients and in 9/37 CMV biopsy-negative patients. Plasma 
CMV DNA PCR was positive in 6/11 CMV biopsy-positive 
patients and 0/9 negative patients. Therefore, in these patients, 
the sensitivity was 55% and specificity 100%, using the presence 
of biopsy CMV DNA as the standard.

Table 1 Baseline clinical and demographic characteristics of patients

Patient characteristics Mucosal CMV DNA 
positive  (n=15)

Mucosal CMV DNA 
negative  (n=37)

Gender M: F 9:6 14:23

Age in years, mean (range) 39.4 (18-75) 39.6 (18-85)

Duration of disease in months, mean (range) 45.4 (0-192) 81.1 (0-420)

Extent of disease: Montreal Classification:
E1
E2
E3
Unknown

0
5 (33%)

7 (47.7%)
3 (20%)

5 (14%)
12 (32%)
19 (51%)

1 (3%)

Medication:
Topical therapy (5-aminosalicylate)
Thiopurines
Cyclosporine
Steroids
Anti-tumor necrosis factor-α

6 (40%)
5 (33%)

0
10 (67%)
3 (20%)

5 (14%)
12 (32%)

0
23 (62%)
4 (11%)

Mayo score, median (range) 9 (3-12) 9 (6-12)

Baron score, median (range) 3 (1-3) 2 (1-3)
CMV, cytomegalovirus; DNA, deoxyribonucleic acid

Table 2 Timing, Mayo score and mucosal CMV PCR results of patients undergoing repeat endoscopy

Patient First endoscopy Second endoscopy Third endoscopy

Mucosal 
CMV DNA 
status

Day of 
endoscopy

Mayo 
score

Mucosal 
CMV DNA 
PCR results 

Day of 
endoscopy

Mayo 
score

Mucosal 
CMV DNA 
PCR results

Day of 
endoscopy

Mayo 
score

Mucosal CMV 
DNA PCR 
results

Positive Day 3 10 Not done Day 13 6 63900

Positive Day 1 12 Negative Day 6 10 776

Positive Day 10 11 Not done Day 19 5 94700

Positive Day 0 12 Negative Day 10 5 5360

Positive Day 3 11 Negative Day 10 10 29300 Day 21 9 Negative

Negative Day 2 9 Negative Day 9 5 Not done

Negative Day 8 9 Not done Day 17 9 Negative

Negative Day 0 9 Negative Day 10 7 Negative

Negative Day 1 9 Negative Day 7 7 Negative

Negative Day 1 12 Negative Day 7 10 Negative

Negative Day 1 10 Negative Day 6 6 Negative

Negative Day 1 12 Negative Day 17 10 Negative
Day of endoscopy signifies day of inpatient stay 
CMV, cytomegalovirus; PCR, polymerase chain reaction; DNA, deoxyribonucleic acid
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Histological analysis using H&E was performed in 60/65 
biopsies. Four of the remaining 5 biopsies did not have 
an associated histological assessment as they were repeat 
endoscopies to specifically assess for biopsy CMV PCR. One 
patient in the CMV biopsy-negative group did not have any 
histological assessment. IHC analysis was performed in 
7 patients and was negative in all. In the 4 CMV PCR biopsy-
positive patients who had IHC performed, the corresponding 
biopsy DNA PCR levels were <1000, 63,900, 89,200, and 
1,540,000 copies/mL of the extract.

Predictors of CMV positivity

Table 4 shows the results of a binomial logistic regression 
model in assessing variables for a relationship to CMV 
positivity on biopsy PCR. The use of topical 5-aminosalicylate 
therapy and steroid refractory disease were significantly 
associated with CMV positivity (P=0.03 and P=0.04, 
respectively) and being male showed near significance 
(P=0.05).

Clinical and endoscopic severity

Clinical and endoscopic severity did not differ between 
CMV biopsy-positive and  -negative groups. For the biopsy 
PCR-positive group, median Mayo score was 9 (range 3-12) 
and the median Baron score was 3 (range 1-3), while in the 
biopsy PCR-negative group, median Mayo score was also 9 
(range 6-12) and median Baron score 2 (range 1-3) (P=0.09 
and 0.81, respectively, for Mayo and Baron scores).

Biopsy CMV DNA levels in relation to differing Mayo 
and Baron scores in biopsy-positive patients are shown in 
Fig. 1, with an outlier of 1,540,000 copies/mL displayed in 
red.

Use of immunosuppressant medications

There was no significant difference in corticosteroid use 
between biopsy CMV PCR-positive and -negative patients:
•	 10/15  (66.7%)	 CMV-positive	 patients	 had	 corticosteroid	

exposure compared with 22/37  (59.5%) CMV-negative 
patients (P=0.62)

•	 3/15  (20%)	 CMV-positive	 patients	 had	 received	
prednisolone ≥10  mg/day for ≥14  days prior to biopsy 
compared to 14/37  (37.8%) CMV-negative patients 
(P=0.21)

•	 The	 median	 cumulative	 corticosteroid	 dose	 prior	 to	
biopsy was 0.70  g prednisolone equivalent for CMV-
positive patients (range 0-4.87 g) and 0.40 g prednisolone 
equivalent for CMV-negative patients (range 0-3.09  g) 
(P=0.08)

Table 3 Summary of investigation findings for patients with positive mucosal CMV DNA

Investigation Results

Mucosal CMV DNA PCR (copies/mL) Median
Range

DNA detected n=15
29300<1000-1540000

DNA not detected n=37

Serology CMV IgG positive
CMV IgG negative
CMV IgG not tested

9
0
6

14
11
12

Serology CMV IgM positive
CMV IgM negative
CMV IgM not tested

0
8
7

0
26
11

Plasma CMV PCR DNA Plasma CMV DNA detected
Plasma CMV DNA not detected
Plasma CMV DNA not tested

6
5
4

0
9

28

Histological assessment CMV IHC tested
CMV IHC not tested
CMV IHC positive
CMV IHC negative

4
11
0
4

3
34
0
3

CMV, cytomegalovirus; PCR, polymerase chain reaction; DNA, deoxyribonucleic acid; IgG, immunoglobulin G; IgM, immunoglobulin M; 
IHC, immunohistochemistry
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Figure 1 The relation of Baron (A) and Mayo (B) scores to mucosal 
CMV PCR DNA level in biopsy CMV-positive patients 
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There was also no significant difference between the groups 
in the use of thiopurines prior to biopsy: 5/15 (33%) CMV PCR 
biopsy-positive patients and 12/37  (32%) CMV PCR biopsy-
negative patients (P=0.95). Nor was there a difference in the 
prior use of anti-TNF agents, with 3/15  (20%) CMV PCR 
biopsy-positive patients and 4/37  (11%) CMV PCR biopsy-
negative patients receiving these agents (P=0.38).

Mucosal CMV PCR results were compared between biopsies 
on admission (day 0-1 after admission) or after in-patient 
treatment (day 2+ after admission), as patients in the latter group 
would have received more days of intravenous hydrocortisone. 
Eight patients were excluded as they had their initial biopsy as 
an outpatient, leaving 52 endoscopies for comparison: of these, 
6/25 (24%) were CMV positive on admission and 7/27 (26%) 
were CMV positive after inpatient treatment (P=0.87). The 
interval to endoscopy after inpatient treatment (day 2+ group) 
ranged from 2-21 days, median 6 days.

Antiviral therapy and clinical outcomes

In the CMV-positive group, 14/15  (93.3%) were treated 
with antiviral medication and 11/14  (78.6%) responded to 
treatment. Treatments received and outcomes are shown in 
Fig. 2. No patients experienced significant side-effects from the 
antiviral therapy. There was no significant difference in rates of 
steroid refractory disease (10/15, 66.7% in the CMV-positive 
group and 14/37, 37.8% in the CMV-negative group, P=0.06) 
nor rates of surgery (3/15, 20% in the CMV-positive patients 
and 2/37, 5.4% in the CMV-negative patients, P=0.11).

Anti-TNF agents

In the CMV-positive group, 3/15  patients were receiving 
anti-TNF therapy on admission. All three had high levels of 

CMV DNA in their biopsies (34,900, 28,000, and 47,400 copies/
mL of the extract). During admission, a further 3 patients were 
escalated to anti-TNF therapy in the CMV-positive group. All 
6 patients receiving infliximab (IFX) also received concomitant 
antiviral therapy. All responded to medical treatment and 
did not require escalation to surgery. In the CMV-negative 
group  3/27 were on anti-TNF therapy on admission and a 
further 9 were started on anti-TNF as treatment escalation. All 
12 responded to medical treatment.

Discussion

This study demonstrated that nearly a third of patients with 
severe or deteriorating UC had concomitant mucosal CMV 
infection. This is higher than previously reported; the difference 
may be due to case-mix or the nature of the diagnostic test used 
in detecting mucosal CMV infection. It has been suggested that 
CMV disease in UC is due to reactivation of the dormant virus in 
myeloid progenitor and endothelial cells [7,8,14,15]. Our results 
would be consistent with this as serology showed an absence of 
primary infection, though reinfection remains a possibility.

Concerns remain about the lack of clinical specificity in using 
tissue PCR as a diagnostic tool [7,15]. Nevertheless, it allows for 
rapid results and compared to IHC it is more sensitive, with a high 
negative predictive value [16]. Although the different diagnostic 
methods vary in their ability to detect CMV infection, the 
presence of CMV DNA in the tissue, detected by PCR, indicates 
infection is present and that the CMV is not latent. In the latent 
state the virus would be residing in myeloid progenitor cells and 
is undetectable by IHC, H&E, and PCR. The European Crohn’s 
and Colitis Organisation (ECCO) recommend tissue PCR or 
IHC as the methods of choice for diagnosing CMV colitis [17]. 
Despite the high prevalence of PCR-detected infection, 
histopathology—albeit without routine IHC—did not detect 
any cases in our series. This discrepancy has also been noted by 
others [1,7,18], as CMV inclusion bodies have a high specificity 

Table 4 Binomial logistic regression analysis of clinical variables and 
their impact on CMV positivity

Variable P-value  (95% 
confidence interval)

Age 0.40 (0.973-1.071)

Sex (male) 0.05 (0.018-0.989)

Duration of disease (months) 0.12 (0.978-1003)

Treatment:

Topical therapy (5-ASA) 0.03 (1.285-81.554)

Thiopurines 0.35 (0.079-2.476)

Corticosteroid use 0.38 (0.051-3.127)

Anti-TNF agents 0.10 (0.686-91.452)

Mayo score 0.52 (0.514-1.397)

Baron score 0.37 (0.477-7.323)

Steroid refractory disease 0.04 (1.164-90.171)
Steroid refractory disease and use of topical therapy were both significantly 
associated with CMV positivity
5-ASA, 5-aminosalicylate; TNF, tumor necrosis factor

Biopsy CMV PCR positive
patients n=15

Anti-virai treatment n=14

Intravenous ganciclovir
twice a day 1 week

then oral valganciclovir
2 weeks n=11

Oral valganciclovir for
3 weeks n=3

Surgery n=2 (at day 7
and day 14of anti-

viral treatment)

Surgery n=1 (at day
12 of anti-viral

treatment)

Intravenous ganciclovir 5mg/kg twicw a day 1 week, followed by oral valganciclovir 900 mg
 twice a dayfor 2 weeks

Figure 2 Antiviral treatment regimens and outcomes in biopsy CMV-
positive patients 
CMV, cytomegalovirus; PCR, polymerase chain reaction
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for CMV but may have a sensitivity as low as 20% [19]. Seven 
of our 52  patients had an IHC assessment and it is uncertain 
whether additional IHC, if performed for all the patients, would 
have improved the yield. However, this study did not aim to 
compare IHC with mucosal CMV PCR for the diagnosis of 
CMV colitis in UC. Instead, it highlights that in routine clinical 
practice additional IHC assessment may only be performed in 
a minority of cases, such as when inclusion bodies are seen on 
H&E stain, to confirm the presence of CMV. However, using 
this practice, CMV disease may be missed because of the low 
sensitivity of inclusions bodies. Therefore, ideally either IHC or 
mucosal CMV PCR should be used for the diagnosis of CMV 
colitis in patients with acute exacerbations of UC.

The quantitative nature of PCR gives the potential for 
stratification of severity and may allow a therapeutic threshold 
for treatment—as, for example, in post-transplantation 
patients  [20,21]. Roblin et al showed that a CMV DNA load 
>250 copies/mg predicted resistance to three lines of treatment 
in UC [3], but the different units of quantification in our 
laboratory (copies/mL) preclude comparison with this study. 
Universal agreement regarding the units of measurement 
for CMV PCR would aid the generalizability of results and 
comparisons of findings from different studies. Higher DNA 
levels reflect increased viral load, but a positive correlation 
was not found between DNA level and clinical or endoscopic 
severity in our study. Variation in biopsy size is unlikely to 
account for this, as a minimal biopsy volume was required for 
assessment. However, it may be due to a non-uniform mucosal 
viral load, as higher levels of CMV DNA have been found in the 
base and edge of ulcers in resected UC specimens [22] and the 
location of the biopsy site was not documented in our cohort.

When independent variables were assessed as predictors 
of CMV positivity, steroid refractory disease was shown to 
be significant. Unexpectedly, no significant difference was 
present in rates of immunosuppression, systemic steroid use 
or thiopurines between CMV-negative and -positive patients. 
This contrasts with previous studies that suggested increased 
duration of steroid use, thiopurines and cyclosporine are 
associated with CMV reactivation [4,8,18,23-25]. No significant 
difference was shown with use of anti-TNF inhibitors, a finding 
that reinforces previous results [26,27]. Baseline characteristics 
of this cohort showed that those with positive mucosal CMV 
DNA had a much shorter duration of UC compared to those 
with negative CMV DNA (mean of 45  months compared to 
81). The shorter duration of disease may indicate less controlled 
disease, as treatment may be “stepped up” compared to those 
with more established disease. Less well controlled disease 
would be associated with ongoing colonic inflammation, 
which would predispose to CMV reactivation and may explain 
why patients with positive mucosal CMV DNA had a shorter 
duration of disease. A limitation in our study is the sample size, 
as only 15/52  patients were biopsy positive for CMV DNA. 
However, to strengthen the statistical analyses, such as in the 
case of corticosteroid use, this was reviewed in three different 
ways: any corticosteroid exposure, prednisolone ≥10  mg/day 
for ≥14 days and median cumulative corticosteroid dose.

The uncertainty of whether antiviral treatment is beneficial 
in patients positive for CMV on mucosal PCR during a flare 

of UC remains. A  meta-analysis concluded that the use of 
antivirals did not improve outcomes [28], but was limited by 
information on the antivirals used, matching for severity or 
steroid-refractory rates. Two studies included in the meta-
analysis only used antivirals in patients with steroid refractory 
disease. Studies in post-transplant patients have utilized 
immune monitoring assays as a tool in assessing who would 
benefit from antiviral therapy [29,30]. These assays allow 
the measurement of a patient’s T-cell response to CMV as a 
predictor of the patient’s own ability to respond to the infection, 
indicating which patients may spontaneously clear the infection 
and which patients may need antiviral therapy  [29,30]. 
However, these assays are not currently routinely used in 
clinical practice and current guidelines recommend a 2-3 week 
course of antiviral therapy  [17]. Successful remission was 
achieved in nearly 80% of the CMV-positive group in our study 
following antiviral treatment, similar to previously reported 
remission rates following antiviral therapy in UC [15,28]. Our 
experience suggests that IFX, when used with concomitant 
antiviral therapy, is safe in treating refractory acute UC with 
associated mucosal CMV infection. This supports a recent 
study, where similar rates of remission with IFX were seen in 
both CMV-positive and -negative groups [31] and a stable or 
reduced colonic CMV DNA load was documented despite the 
use of IFX [31]. A randomized trial to demonstrate the benefit 

Summary Box

What is already known:

•	 Cytomegalovirus	 (CMV)	 persists	 in	 a	 state	 of	
lifelong latency following infection, reported in up 
to 97% of the adult population

•	 Mucosal	 CMV	 infection	 can	 complicate	 an	
exacerbation of ulcerative colitis (UC) and has been 
associated with higher mortality and morbidity, 
including an increased risk of colectomy

•	 Guidelines	 recommend	 tissue	 polymerase	 chain	
reaction (PCR) or immunohistochemical analysis 
as the methods of choice for diagnosing CMV 
colitis in UC

What the new findings are:

•	 Using	mucosal	PCR,	CMV	 infection	due	 to	viral	
reactivation was diagnosed in nearly a third of 
patients with acute or deteriorating UC

•	 Steroid	 refractory	 disease	 was	 significantly	
associated with CMV positivity

•	 The	use	of	antiviral	therapy	achieved	remission	in	
nearly 80% of the CMV-positive group

•	 Infliximab,	when	used	with	concomitant	antiviral	
therapy, was safe in treating refractory acute UC 
with associated mucosal CMV infection
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of antiviral therapy would need to utilize a design that avoided 
inappropriate delay before escalating to medical treatment or 
surgery. Larger, prospective studies using tissue PCR are now 
needed to clarify the risk factors for CMV infection, optimize 
methods to allow comparison across centers, and to investigate 
the role of the immune monitoring assays in UC, with a view to 
a randomized trial of antiviral treatment.

In conclusion, mucosal CMV infection due to viral reactivation 
is common in acute or deteriorating UC. Concomitant CMV 
infection should be considered in the management of these 
patients, especially in those who are steroid refractory. Mucosal 
PCR is sensitive, rapid and has a high negative predictive value 
in the diagnosis of CMV infection in UC patients. In our cohort, 
the use of antivirals achieved remission in nearly 80% of the 
CMV-positive group and IFX, when used with concomitant 
antiviral therapy, was safe in treating refractory acute UC with 
associated mucosal CMV infection.
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