
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Hsieh et al. BMC Infectious Diseases          (2024) 24:443 
https://doi.org/10.1186/s12879-024-09317-w

BMC Infectious Diseases

*Correspondence:
Puo-Hsien Le
puohsien@gmail.com

Full list of author information is available at the end of the article

Abstract
Background  Cytomegalovirus (CMV) colitis significantly complicates the course of inflammatory bowel disease 
(IBD), frequently leading to severe flare-ups and poor outcomes. The role of antiviral therapy in hospitalized IBD 
patients with CMV colitis is currently under debate. This retrospective analysis seeks to clarify the influence of antiviral 
treatment on these patients.

Methods  We retrospectively reviewed IBD patients diagnosed with CMV colitis via immunohistochemistry staining 
from colonic biopsies at a major tertiary center from January 2000 to May 2021. The study focused on patient 
demographics, clinical features, risk factors, prognostic indicators, and antiviral treatment outcomes.

Results  Among 118 inpatients, 42 had CMV colitis. Risk factors included hypoalbuminemia and antibiotic use. IBD 
patients with CMV colitis receiving < 14 days of antiviral therapy had higher complication (72% vs. 43%, p = 0.028) 
and surgery rates (56% vs. 26%, p = 0.017) compared to those without CMV. Adequate antiviral therapy (≥ 14 days) 
significantly reduced complications in the CMV group (29% vs. 72%, p = 0.006), especially in Crohn’s disease (20% vs. 
100%, p = 0.015). Independent predictors of IBD-related complications were CMV colitis (Odds Ratio [OR] 3.532, 90% 
Confidence Interval [CI] 1.012–12.331, p = 0.048), biological treatment failure (OR 4.953, 95% CI 1.91-12.842, p = 0.001), 
and adequate antiviral therapy (OR 0.108, 95% CI 0.023–0.512, p = 0.005).

Conclusion  CMV colitis and a history of biological treatment failure increase complication risks in IBD patients. 
Adequate antiviral therapy significantly mitigates these risks, highlighting its importance in managing IBD patients 
with CMV colitis.
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Introduction
Cytomegalovirus (CMV) is a double-stranded DNA 
virus in the Herpesviridae family and is known to cause 
gastrointestinal tract diseases in both immunocompro-
mised and immunocompetent individuals [1]. The prev-
alence of CMV colitis is significantly higher in patients 
with inflammatory bowel disease (IBD) than in those 
without IBD, especially ulcerative colitis (UC) [2]. The 
reported prevalence ranges between 10 and 30% in ste-
roid-refractory acute severe colitis [3]. There is still some 
inconsistency in the literature regarding the role of CMV 
infection in exacerbating the severity of inflammation 
and adverse outcomes in IBD, as well as the response to 
treatment [4]. Some studies have suggested that CMV 
colitis is associated with worse outcomes in IBD, includ-
ing steroid resistance, increased risk of colectomy, inpa-
tient mortality, and longer hospital stays [5–9]. However, 
other studies have not found a significant association 
between CMV infection and these adverse outcomes in 
IBD [10, 11].

Additionally, the effectiveness of antiviral treatment 
for CMV colitis in IBD remains a topic of debate, with 
some studies reporting improved outcomes with antiviral 
treatment [12–16], while others have not found a signifi-
cant benefit [10, 17]. Potential factors that could contrib-
ute to the inconsistent findings include differences in the 
study population, diagnostic tools, disease activity, treat-
ment strategies, genetic predisposition, and viral load in 
the colonic tissue. Recently, it has been suggested that 
high-grade CMV disease, characterised by a high viral 
load (in serum and/or tissue), indicates that CMV acts as 
a pathogen and may exacerbate IBD severity. In contrast, 
low-grade CMV disease may reflect the influence of IBD 
itself on the outcome, rather than the direct contribu-
tion of CMV infection [4]. Accordingly, some published 
algorithms regarding the management of CMV infection 
in IBD patients suggested antiviral treatment in steroid 
refractory IBD patients with high-grade CMV disease 
[3, 14, 18]. High-grade CMV infections were diagnosed 
through the measurement of viral loads in both blood 
and tissue samples, with a particular emphasis on the 
density of inclusion bodies observed in colonic tissues. 
However, the interpretation of CMV inclusion bodies in 
haematoxylin and eosin or immunohistochemistry stain-
ing can be influenced by the biopsy location, such as at 
the ulcer margin or base, which may introduce bias [19]. 
Additionally, counting the number of inclusion bodies is 
a time-consuming process for pathologists, and there is 
currently no standardized cut-off to define high-grade 
disease. Considering the therapeutic regimen and dura-
tion, the preferred antiviral agent is intravenous ganciclo-
vir at a dose of 5–7.5 mg/kg twice daily for 2 weeks [4, 20, 
21].

In general, hospitalised patients with IBD tend to 
exhibit more severe inflammatory activity and more 
complicated disease than outpatients. Cytomegalovirus 
infection in hospitalised patients with IBD not only exac-
erbates gastrointestinal symptoms but also increases the 
risk of poor outcomes [7]. Therefore, maintaining a high 
level of clinical suspicion of CMV infection and imple-
menting antiviral treatment are crucial for reducing the 
risk of colitis relapse in this patient population, as rec-
ommended by previous studies [23]. Although there are 
various diagnostic tools for CMV colitis, immunohisto-
chemistry staining of colonic tissue is essential and con-
sidered the gold standard for diagnosis [22, 24]. Limited 
research has been conducted on the clinical manifesta-
tions, risk factors, treatment options, outcomes, and 
prognostic factors of CMV colitis, as confirmed by IHC 
staining in hospitalised patients with IBD. However, the 
potential benefits of antiviral treatments for this condi-
tion are not well understood. In this study, we investi-
gated and addressed these issues.

Materials and methods
Patients
In this retrospective cohort study, we reviewed the 
medical records of eligible patients with IBD who were 
admitted to the Linkou Chang Gung Memorial Hospital 
between January 2000 and May 2021. Our study enrolled 
IBD inpatients admitted for acute flare-ups and man-
agement of related complications, with all participants 
undergoing IHC staining for CMV on colonic tissue 
samples. Outpatients and individuals without CMV IHC 
result on colonic tissues were excluded. Patients with-
out colonic CMV IHC staining results were excluded. 
The diagnosis of CMV colitis was confirmed by positive 
CMV IHC staining of the colonic tissue and CMV-related 
tissue damage, with or without obvious viral inclusion 
bodies, using haematoxylin and eosin staining[25]. The 
patients were then divided into two groups (CMV and 
non-CMV groups) based on their colonic CMV IHC 
staining results. Monoclonal antibodies against the CMV 
pp65 antigen (Novocastra lyophilised mouse monoclo-
nal antibody; Leica Microsystems, Wetzlar, Germany) 
were used for the CMV IHC staining. In consideration of 
treatment of CMV colitis, European Crohn’s and Colitis 
Organization (ECCO) guidelines recommend intrave-
nous ganciclovir at a dose of 5 mg/kg twice daily for 5–10 
days, followed by valganciclovir 900 mg daily until com-
pletion of a 2–3 week course, as the treatment of choice 
[22]. Therefore, we defined adequate antiviral treatment 
as the administration of intravenous ganciclovir and/or 
oral valganciclovir for a minimum of two weeks. In our 
research, we define ‘biologics failure’ as the patients had 
experienced loss of response to one or more biological 
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treatments. Conversely, we refer to ‘biologics users’ as 
individuals presently receiving biologic therapy.

Data collection
We collected demographic and clinical data, including 
age, sex, body mass index (BMI), underlying diseases 
(Crohn’s disease [CD], UC, diabetes mellitus, liver cir-
rhosis, coronary artery disease, end stage renal disease, 
other autoimmune diseases, and cancer), duration of 
IBD, baseline IBD complications (such as stricture, per-
foration, abscess, fistula, colon cancer, and previous IBD 
surgery), baseline medication, diagnostic date of CMV 
colitis, clinical presentations, antiviral treatment, out-
comes (such as hospitalization times during follow-up, 
clinical remission, steroid free clinical remission, ste-
roid dose changes, Crohn’s disease activity index (CDAI) 
change, Mayo score change, BMI change, occurrence 
of stricture, perforation, abscess, fistula, colon cancer, 
IBD surgery, overall IBD complications, recurrence, and 
death), and last follow-up date. We also collected labora-
tory data, including total white blood cell count (WBC), 
platelet (PLT), haemoglobin (Hb), creatinine (Cr), ala-
nine aminotransferase (ALT), total bilirubin (Bil), albu-
min (ALB), and C-reactive protein (CRP) levels, CMV 
pp65 antigenemia, CMV viraemia (Light-Mix® Kit human 
cytomegalovirus [TIB Molbiol, Berlin, Germany, cut-off: 
Cp 35, 226 bp segment on glycoprotein B gene], COBAS® 
AmpliPrep/COBAS® TaqMan® CMV Test [Roche Diag-
nostics, Branchburg, NJ, USA, cut-off:150 copies/mL]), 
CMV serology, and Epstein-Barr virus (EBV) serology.

Statistical analyses
Numerical data are reported as median (range), whereas 
categorical data are presented as absolute numbers and 
percentages. Continuous variables were compared using 
Mann-Whitney U tests, whereas categorical variables 
were analysed using χ2 and Fisher’s exact tests. Logistic 
regression models were used to determine independent 
risk factors for overall IBD complications. The variables 
with a p-value of less than 0.05 in the univariate analysis 
were considered for inclusion in the multivariate analysis. 
Statistical significance was set at p < 0.05, and the results 
are reported as odds ratios (ORs), 95% confidence inter-
vals (CIs), or p values. All statistical analyses were per-
formed using SPSS version 22.0 (IBM Corp., Armonk, 
NY).

Results
A total of 158 patients with IBD were enrolled in this 
study. However, 40 patients were excluded, owing to a 
lack of colonic IHC staining results, resulting in the inclu-
sion of 118 hospitalised patients with IBD, with 42 and 76 
patients in the CMV and non-CMV groups, respectively. 
Among the enrolled patients, 49 had CD, and 69 had UC. 

The prevalence of CMV colitis in patients with IBD, CD, 
and UC was 35.6%, 22.4%, and 44.9%, respectively. The 
median age of the participants was 41.6 (3.4, 83.4) years, 
and most of them were males (64.4%). The median fol-
low-up period was 21 months. There were no statistically 
significant differences in age, sex, BMI, underlying dis-
eases (such as diabetes mellitus, liver cirrhosis, coronary 
artery disease, end-stage renal disease, other autoim-
mune diseases, and malignancy), IBD duration, or base-
line IBD complications between the two groups.

Regarding baseline medications, some differences were 
observed between the CMV and non-CMV groups. The 
CMV group had a higher percentage of antibiotic expo-
sure for both IBD (47.6% vs. 27.6%, p = 0.029) and CD 
(63.6% vs. 23.7%, p = 0.025). Additionally, subgroup analy-
sis of UC revealed a higher percentage of hydrocortisone 
enema use in the CMV group (19.4% vs. 2.6%, p = 0.040). 
However, the use of oral steroids, immunomodulators, 
and biologics was not significantly different between the 
two groups. The biologic agents used in the CMV and 
non-CMV groups were infliximab (2.4% vs. 1.3%), adali-
mumab (4.8% vs. 11.8%), vedolizumab (14.3% vs. 13.2%), 
and ustekinumab (2.4% vs. 1.3%).

The most frequent symptoms of CMV colitis observed 
in patients were bloody stools (76.2%), diarrhoea (69.0%), 
and abdominal pain (61.9%). The CMV group had sig-
nificantly lower albumin levels (p = 0.008) than the 
non-CMV group, particularly among patients with UC 
(p = 0.006). Other laboratory data, including WBC, lym-
phocyte, neutrophil, Hb, PLT, CRP, Cr, ALT, and Bil levels 
were not statistically different between the two groups. In 
terms of virology tests in the CMV group, the positivity 
rates for CMV IgM, CMV IgG, viraemia, and antigen-
emia were 12.9%, 96.6%, 45.5%, and 15.4%, respectively. 
The prevalence of CMV IgG positivity (96.6% vs. 72.7%, 
p = 0.08) and viraemia (45.5% vs. 0%, p = 0.03) were sig-
nificantly higher in the CMV group than that in the non-
CMV group. Additionally, the positivity rates for EBV 
viral capsid antigen (VCA) IgM, IgG, and viraemia were 
0%, 100%, and 18.2%, respectively, in the CMV group. 
The EBV-VCA IgM (0% vs. 0%), IgG (100% vs. 92.9%, 
p = 0.568), and viraemia (18.2% vs. 13.6%, p = 1) levels 
were similar between the CMV and non-CMV groups.

Among the IBD patients with CMV infection, 79% 
received antiviral treatment, and 57% received sufficient 
treatment for at least 14 days. The recurrence rate was 
23.1%, with a median duration of 25.4 months (range, 
1.8–198 months) after antiviral treatment. No significant 
differences in clinical outcomes were observed between 
the CMV and non-CMV groups. Upon a thorough 
examination of the original data, it was observed that all 
surgical interventions for UC patients consisted solely 
of colectomies. Consequently, the incidence of surger-
ies in UC patients directly corresponds to the colectomy 
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rates. As detailed in Table 1, the colectomy rates for UC 
patients were 35.5% in the CMV-infected group and 
15.8% in the non-CMV group, demonstrating a notable 
trend towards significance (p = 0.059). Regarding CD 
patients, disease progression rates—assessed via the 
CDAI—were approximately 18.18% in the CMV group, 
in contrast to 15% in the non-CMV cohort, indicating no 
significant difference (p = 1.000). Furthermore, detailed 
insights into the progression rates among CD patients 
have been added to the results section for a more com-
prehensive understanding. Further details are presented 
in Table 1.

Among the patients with IBD and CMV colitis, those 
who did not receive adequate antiviral treatment had sig-
nificantly higher rates of overall complications (72.2% vs. 
43.4%, p = 0.028) and surgery (55.6% vs. 26.3%, p = 0.017) 
than those in the non-CMV group. In contrast, adequate 
antiviral treatment led to a lower complication rate in the 
CMV group (29.2% vs. 72.2%, p = 0.006), particularly in 
the CD group (20% vs. 100%, p = 0.015) (Table 2). In the 
multivariate analysis, CMV colitis (OR, 3.532; 95% CI, 
1.012–12.331, p = 0.048), biological failure (OR, 4.953; 
95% CI, 1.91–12.842, p = 0.001), and adequate antiviral 
treatment (OR, 0.108; 95% CI, 0.023–0.512, p = 0.005) 
were identified as independent factors for predicting 
overall IBD complications (Table  3). Moreover, accord-
ing to the Kaplan-Meier analysis, patients who received 
adequate antiviral treatment demonstrated a clear trend 
towards reduced complications, although the log-rank 
p-value was not statistically significant (p = 0.065) (Fig. 1).

Discussion
Cytomegalovirus colitis has been associated with a poor 
prognosis in IBD, including severe disease activity, sur-
gery, and hospitalisation, particularly in patients with UC 
[26, 27]. However, the role of anti-viral therapy remains 
debatable, owing to heterogeneous study populations and 
diagnostic tools. According to the ECCO guidelines, anti-
viral therapy is recommended for steroid-refractory IBD 
patients with CMV colitis [22]. However, there is limited 
information on the role of antiviral treatment for CMV 
colitis in hospitalised patients with IBD. In this retro-
spective cohort study, we focused on hospitalised IBD 
patients with CMV IHC staining results and comprehen-
sively analysed the clinical manifestations, risk factors, 
treatments, fifteen variable IBD outcomes, prognostic 
factors, and benefits of adequate antiviral treatment.

The prevalence of CMV colitis in patients with IBD 
varies, depending on the diagnostic tests used and study 
population. According to the ECCO guidelines, con-
firming active CMV colitis in IBD requires IHC, tissue 
polymerase chain reaction, or both, and should be the 
standard test [22]. In this study, the prevalence of CMV 
colitis in hospitalised patients with IBD, CD, and UC was 

found to be 35.6%, 22.4%, and 44.9%, respectively. This 
incidence was significantly higher than the previously 
reported incidence of 1.6% at the National Taiwan Uni-
versity Hospital, likely due to the inclusion of patients 
without colonic CMV histopathological examination and 
lack of IHC stain in every specimen [23]. Another Ger-
man study also reported a higher incidence of 21% in 
hospitalized IBD patients who received tests for CMV 
infection [7]. In a systematic review, the incidence of 
CMV colitis in UC was noted to be 5.6 times higher than 
in CD [28], whereas in our study, the difference was only 
twice. The discrepancy observed could be linked to fewer 
colonoscopies being performed, leading to a decrease in 
biopsies for CMV IHC staining in patients with CD dur-
ing acute flare-ups, as noted in previous studies. There-
fore, the incidence rate of CMV colitis in inpatients with 
IBD has been underestimated in previous studies and in 
daily practice, especially in patients with CD. Further-
more, concurrent CMV colitis emerged as an indepen-
dent factor for IBD-related complications, highlighting 
the critical role of adequate antiviral treatment in the 
management of hospitalized IBD patients.

In this study, we identified antibiotic exposure and 
hypoalbuminemia as the risk factors for CMV colitis in 
patients with IBD. Previous studies have shown that anti-
biotic exposure can increase the risk of CMV reactivation 
and gastrointestinal diseases due to dysbiosis [29–31]. 
Additionally, hypoalbuminemia, which is an indicator of 
poor nutritional status, has been previously reported to 
be associated with CMV diseases [33, 34]. Furthermore, 
the use of hydrocortisone enemas was found to be asso-
ciated with an increased risk of CMV colitis in patients 
with UC. This may be related to potentially compromised 
mucosal immunity associated with corticosteroid use. 
The results of this study did not show a significant asso-
ciation between the use of oral glucocorticoids, azathio-
prine, or biologics and the risk of CMV colitis in patients 
with IBD. A meta-analysis of UC patients indicated that 
glucocorticoids, immunosuppressants, azathioprine, 
severe disease activity, pancolitis, and older age at UC 
onset may be associated with an increased risk of CMV 
reactivation [35]. However, it should be noted that our 
study population consisted of hospitalised IBD patients 
in a medical center, which may differ from studies that 
included all patients with UC. Additionally, our study 
utilised diagnostic criteria based on IHC for CMV coli-
tis, whereas other studies focused on CMV reactivation. 
These differences in study populations and diagnostic cri-
teria should be considered when interpreting our results.

It is crucial to distinguish between CMV infection and 
CMV disease, and the diagnosis or exclusion of CMV 
colitis should not be solely based on serology, anti-
gen, or virus detection in the blood without evidence 
of CMV colonic tissue invasion. Previous studies have 
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demonstrated poor correlation between these markers 
and active CMV gastrointestinal diseases, underscor-
ing the need for accurate diagnostic methods, such as 
colonic tissue biopsy with IHC staining [24, 36]. In our 
study, based on the available data on CMV serology, 
antigen, and virus, the positive rates of CMV IgM, IgG, 
and viremia were 12.9%, 96.6%, and 45.5%, respectively. 
This suggests that most cases of CMV colitis are related 
to reactivation rather than primary infection, which is 
consistent with previous research [37]. The prevalence 
of CMV viremia (45.5%) in our study was found to be 
higher than that reported in the previously published 
studies (30%) [19]. Additionally, the rate of latent EBV 
infection was also high, with 94.7% of all patients and 
100% of the CMV group testing positive for EBV-VCA 
IgG. This finding is noteworthy for physicians ruling 
out CMV and EBV infections in Taiwan. We conducted 
a univariable analysis to assess the impact of EBV infec-
tion on IBD-related complications, which yielded a 
p-value of 0.999, indicating no significant association. 
However, due to substantial missing data on EBV and 
the absence of tissue Epstein-Barr Encoded Small RNA 
In Situ Hybridization (EBER) staining to definitively con-
firm EBV colitis, we opted not to include these results in 
Table 3. The CMV and non-CMV groups demonstrated 
comparable IBD-related outcomes, primarily due to the 
fact that a substantial proportion of CMV colitis patients 
(79%) received antiviral therapy. Furthermore, when con-
trasting the 24 IBD patients with untreated CMV colitis 
against the non-CMV group, we observed a significantly 
higher incidence of overall IBD complications (72.2% vs. 
43.4%, p = 0.028) and IBD-related colectomy rates (55.6% 
vs. 26.3%, p = 0.017). These findings align with the data 
presented in Table 3, indicating that CMV colitis acts as 
a progressive factor for overall IBD complications, while 
appropriate antiviral treatment serves as a protective fac-
tor against such complications.

The ECCO guidelines recommend testing for CMV 
colitis in patients with refractory IBD, particularly if 
they do not respond to immunosuppressive therapy 
[22]. Antiviral therapy is recommended for patients with 
steroid-refractory IBD with CMV colitis. Recent stud-
ies have suggested that antiviral therapy may be ben-
eficial for UC patients with a high tissue CMV viral load 
[38, 39]. However, there is currently no standard cut-off 
point for defining high-grade CMV disease, and potential 
sampling bias and the time-consuming nature of count-
ing inclusion bodies may limit its clinical application. 
With adequate antiviral treatment in CMV group, the 
rate of complications decreased significantly, especially in 
patients with CD. This suggests that timely diagnosis and 
appropriate antiviral treatment may improve outcomes in 
hospitalised patients with IBD and CMV colitis, particu-
larly in those with CD.Ch
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In our study, recurrence is characterized by the resur-
gence of symptoms and signs accompanied by a posi-
tive IHC stain for CMV, following a period of clinical 
improvement and a previously negative IHC result after 
completing antiviral therapy. We observed a recurrence 
rate of 23.1%, which falls within the range reported by 
other studies (13.5–57%) [27, 32]. The variance in recur-
rence rates can be attributed to differences in study pop-
ulations, treatment durations, and the criteria used to 
define recurrence.

In terms of predicting overall complications in IBD 
patients, our study found that CMV colitis (OR, 3.532; 
95% CI, 1.012–12.331, p = 0.048), biological treatment 
failure (OR, 4.953; 95% CI, 1.91–12.842, p = 0.001), and 
receiving adequate antiviral treatment (OR, 0.108; 95% 
CI, 0.023–0.512, p = 0.005) were identified as independent 

factors. These findings suggest that in IBD inpatients 
with active disease, CMV colitis should be considered 
as a pathogen that can exacerbate inflammation rather 
than a mere by-stander. Biological failure is often indica-
tive of a long refractory disease course, and is associated 
with a higher rate of complications. Our multivariate 
analysis demonstrated that adequate antiviral treatment 
decreased the overall complication rate (Table 3). Addi-
tionally, in the Kaplan-Meier analysis of overall compli-
cations, there was a noticeable trend towards reduced 
complications in patients who received sufficient anti-
viral treatment, although the sample size was not large 
enough to demonstrate statistical significance (log-rank 
p = 0.065).

It should be noted that this study has several limita-
tions, including its retrospective design, single-center 

Table 2  Impact of adequate antiviral treatment on overall IBD complications in CMV group
IBD + CMV (n = 42) P CD + CMV (n = 11) P UC + CMV (n = 31) P

Antiviral
treatment

Adequate 
(n = 24)

Inadequate 
(n = 18)

Adequate 
(n = 5)

Inadequate 
(n = 6)

Adequate 
(n = 19)

Inadequate 
(n = 12)

Overall IBD 
complications

7 (29.2%) 13 (72.2%) 0.006* 1 (20%) 6 (100%) 0.015* 6 (31.6%) 7 (58.3%) 0.141

Adequate antiviral treatment: intravenous ganciclovir and/or oral valganciclovir for at least 14 days. Overall, the IBD complications included strictures, abscesses, 
fistulas, colon cancer, and IBD-related surgeries. Abbreviations: CD, Crohn’s disease; CMV, cytomegalovirus; IBD, inflammatory bowel disease; UC, ulcerative colitis; 
WBC, white blood cell; * P < 0.05, calculated using the Chi-square or Fisher’s exact test

Table 3  Predictors of overall complications in hospitalized IBD patients
Characteristics Univariable analysis Multivariable analysis

OR 95% CI p-value OR 95% CI p-value
Age (years) 0.994 (0.972–1.015) 0.564
Gender (Male) 0.403 (0.182–0.893) 0.025* 0.449 (0.188–1.072) 0.071
BMI 1.039 (0.943–1.146) 0.441
CMV colitis 1.185 (0.556–2.524) 0.661 3.532 (1.012–12.331) 0.048*
Laboratory data
  WBC 0.964 (0.873–1.063) 0.461
  Haemoglobin 0.924 (0.788–1.083) 0.329
  CRP 1.000 (0.99–1.01) 0.978
  Albumin 1.018 (0.535–1.937) 0.956
IBD duration (months) 1.007 (0.999–1.015) 0.072 1.005 (0.997–1.013) 0.256
Clinical presentation
  Bloody stool 0.632 (0.291–1.374) 0.247
  Diarrhoea 0.499 (0.233–1.068) 0.073
  Pain 0.966 (0.456–2.044) 0.928
  Fever 0.978 (0.356–2.684) 0.965
IBD Medication
  Biological failure 3.484 (1.492–8.134) 0.004* 4.953 (1.91–12.842) 0.001*
  Biologics user 1.575 (0.707–3.509) 0.266
  5-ASA 2.153 (0.49–9.458) 0.310
  Oral prednisolone 0.684 (0.33–1.42) 0.308
  Azathioprine 0.869 (0.386–1.957) 0.735
  Antibiotics 0.592 (0.272–1.288) 0.186
Antiviral treatment ≧ 14 days 0.613 (0.268–1.402) 0.247 0.108 (0.023–0.512) 0.005*
Overall, the IBD complications included strictures, abscesses, fistulas, colon cancer, and IBD-related surgeries. Abbreviations: ALT, Alanine aminotransferase; 5-ASA, 
5-aminosalicylic acid; BMI, body mass index; CDAI, Crohn’s Disease Activity Index; CI, confidence interval; CMV, cytomegalovirus; CRP, C-reactive protein; IBD, 
inflammatory bowel disease; OR, odds ratio; WBC, white blood cell; *p < 0.05, calculated using logistic regression analysis
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setting, and lack of inclusion body quantification. Further 
large-scale randomized controlled trials are warranted to 
validate our findings and confirm the potential benefits of 
antiviral treatment in this patient population.

Conclusion
Our study revealed that CMV colitis is linked to a height-
ened risk of complications in hospitalised patients with 
IBD, and that appropriate antiviral treatment can lead 
to improved outcomes. Healthcare providers should 
maintain a high level of suspicion of CMV colitis in hos-
pitalised patients with IBD and consider prompt and 
appropriate antiviral treatments.

Acknowledgements
The authors are grateful to Yu-Syuan Huang (IBD case manager at the Chang 
Gung Memorial Hospital, Linkou Branch) for data collection.

Author contributions
Planning and conducting the study: Puo-Hsien Le and Cheng-Tang Chiu 
Collecting data and statistical analysis: Ching-Reigh Hsieh and Pai-Jui Yeh 
Statistical support: Yu-Bin PanLiterature review: Puo-Hsien Le, Ching-Reigh 
Hsieh, and Chia-Jung Kuo Data interpretation: Puo-Hsien Le, Yuan-Ming Yeh, 
Chyi-Liang Chen and Yung-Kuan TsouDrafting the manuscript: Ching-Reigh 
Hsieh and Puo-Hsien LePathological consultation and review: Ren-Chin Wu 
Critical revision of manuscript: Puo-Hsien Le and Cheng-Hsun Chiu.

Funding
This study was not funded by any grant or other financial sponsor. The authors 
have no financial arrangement with a company whose product is discussed in 
this manuscript.

Data availability
The datasets used and/or analysed in the current study are available from the 
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The study protocol was approved by the Institutional Review Board of the 
Chang Gung Medical Foundation (approval document No. 202101234B0. 

Fig. 1  Kaplan-meier curve analysis of overall Inflammatory Bowel Disease (IBD) Complications in IBD Patients with Cytomegalovirus Colitis (CMV). IBD 
patients with CMV colitis who received adequate antiviral treatment ( ≧ 14 days) demonstrated a tendency towards reduced complication, compared to 
insufficient treatment (< 14 days) (log-rank p = 0.065)

 



Page 10 of 11Hsieh et al. BMC Infectious Diseases          (2024) 24:443 

“Clinical presentations and outcomes of cytomegalovirus, herpes simplex 
virus, Epstein-Barr virus, and Clostridioides difficile”) from July 28, 2021 to 
July 27, 2022. The Institutional Review Board waived informed consent from 
individual patients to review medical records from the electronic medical 
record system, in retrospective studies. The study protocol conformed to the 
ethical guidelines of the 1975 Declaration of Helsinki, as reflected in a prior 
approval by the institution’s human research committee.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Gastroenterology and Hepatology, Chang Gung 
Memorial Hospital, Linkou, Taoyuan, Taiwan
2Department of Anatomic Pathology, Chang Gung Memorial Hospital, 
Linkou, Taoyuan, Taiwan
3Taiwan Association of the Study of Small Intestinal Disease, Taoyuan, 
Taiwan
4Chang Gung Microbiota Therapy Center, Taoyuan, Taiwan
5Division of Pediatric Gastroenterology, Department of Pediatrics, Chang 
Gung Memorial Hospital, Linkou, Taoyuan, Taiwan
6Genomic Medicine Core Laboratory, Chang Gung Memorial Hospital, 
Linkou, Taoyuan, Taiwan
7Molecular Infectious Disease Research Center, Chang Gung Memorial 
Hospital, Linkou, Taoyuan, Taiwan
8Division of Pediatric Infectious Diseases, Department of Pediatrics, Chang 
Gung Memorial Hospital, Linkou, Taoyuan, Taiwan
9Biostatistical Section, Clinical Trial Center, Chang Gung Memorial 
Hospital, Linkou, Taoyuan, Taiwan
10Liver Research Center, Chang Gung Memorial Hospital, Linkou, Taoyuan, 
Taiwan
11Chang Gung Inflammatory Bowel Disease Center, Taoyuan, Taiwan

Received: 31 December 2023 / Accepted: 12 April 2024

References
1.	 Yeh PJ, Wu RC, Chiu CT, Lai MW, Chen CM, Pan YB, Su MY, Kuo CJ, Lin WR, Le 

PH. Cytomegalovirus diseases of the gastrointestinal tract. Viruses. 2022;14(2). 
https://doi.org/10.3390/v14020352. PMID:Accession Number.

2.	 Kwon J, Fluxá D, Farraye FA, Kröner PT. Cytomegalovirus-related coli-
tis in patients with inflammatory bowel disease. Int J Colorectal Dis. 
2022;37(3):685–691. [PMID:Accession Number https://doi.org/10.1007/
s00384-022-04099-6:DOI]

3.	 Beswick L, Ye B, van Langenberg DR. Toward an Algorithm for the 
diagnosis and management of CMV in patients with colitis. Inflamm 
Bowel Dis. 2016;22(12):2966–76. [PMID:Accession Number 10.1097/
mib.0000000000000958:DOI].

4.	 Mourad FH, Hashash JG, Kariyawasam VC, Leong RW. Ulcerative colitis and 
cytomegalovirus infection: from a to Z. J Crohns Colitis. 2020;14(8):1162–71. 
https://doi.org/10.1093/ecco-jcc/jjaa036:DOI]. [PMID:Accession Number.

5.	 Schenk W, Klugmann T, Borkenhagen A, Klecker C, Dietel P, Kirschner R, 
Schneider E, Bruns T, Stallmach A, Teich N. The detection of the cytomegalovi-
rus DNA in the colonic mucosa of patients with ulcerative colitis is associated 
with increased long-term risk of proctocolectomy: results from an outpatient 
IBD clinic. Int J Colorectal Dis. 2019;34(3):393–400. [PMID:Accession Number 
https://doi.org/10.1007/s00384-018-3210-8:DOI]

6.	 Hendler SA, Barber GE, Okafor PN, Chang MS, Limsui D, Limketkai 
BN. Cytomegalovirus infection is associated with worse outcomes 
in inflammatory bowel disease hospitalizations nationwide. Int J 
Colorectal Dis. 2020;35(5):897–903. [PMID:Accession Number 10.1007/
s00384-020-03536-8:DOI].

7.	 Gauss A, Rosenstiel S, Schnitzler P, Hinz U, Rehlen T, Kadmon M, Ehehalt 
R, Stremmel W, Zawierucha A. Intestinal cytomegalovirus infection in 
patients hospitalized for exacerbation of inflammatory bowel disease: 
a 10-year tertiary referral center experience. Eur J Gastroenterol Hepatol. 

2015;27(6):712–720. [PMID:Accession Number https://doi.org/10.1097/meg.0
000000000000361:DOI]

8.	 Lv YL, Han FF, Jia YJ, Wan ZR, Gong LL, Liu H, Liu LH. Is cytomegalovirus 
infection related to inflammatory bowel disease, especially steroid-resistant 
inflammatory bowel disease? A meta-analysis. Infect Drug Resist. 2017;10:511–
519. [PMID:Accession Number https://doi.org/10.2147/idr.S149784:DOI]

9.	 Domènech E, Vega R, Ojanguren I, Hernández A, Garcia-Planella E, Bernal I, 
Rosinach M, Boix J, Cabré E, Gassull MA. Cytomegalovirus infection in ulcer-
ative colitis: a prospective, comparative study on prevalence and diagnostic 
strategy. Inflamm Bowel Dis. 2008;14(10):1373–9. https://doi.org/10.1002/
ibd.20498. PMID:Accession Number.

10.	 Delvincourt M, Lopez A, Pillet S, Bourrier A, Seksik P, Cosnes J, Carrat F, Gozlan 
J, Beaugerie L, Roblin X, Peyrin-Biroulet L, Sokol H. The impact of cytomegalo-
virus reactivation and its treatment on the course of inflammatory bowel dis-
ease. Aliment Pharmacol Ther. 2014;39(7):712–720. [PMID:Accession Number 
https://doi.org/10.1111/apt.12650:DOI]

11.	 Matsuoka K, Iwao Y, Mori T, Sakuraba A, Yajima T, Hisamatsu T, Okamoto S, 
Morohoshi Y, Izumiya M, Ichikawa H, Sato T, Inoue N, Ogata H, Hibi T. Cyto-
megalovirus is frequently reactivated and disappears without antiviral agents 
in ulcerative colitis patients. Am J Gastroenterol. 2007;102(2):331–7. https://
doi.org/10.1111/j.1572-0241.2006.00989.x:DOI]. [PMID:Accession Number.

12.	 Roblin X, Pillet S, Oussalah A, Berthelot P, Del Tedesco E, Phelip JM, Chambon-
nière ML, Garraud O, Peyrin-Biroulet L, Pozzetto B. Cytomegalovirus load in 
inflamed intestinal tissue is predictive of resistance to immunosuppressive 
therapy in ulcerative colitis. Am J Gastroenterol. 2011;106(11):2001–2008. 
[PMID:Accession Number https://doi.org/10.1038/ajg.2011.202:DOI]

13.	 Cottone M, Pietrosi G, Martorana G, Casà A, Pecoraro G, Oliva L, Orlando 
A, Rosselli M, Rizzo A, Pagliaro L. Prevalence of cytomegalovirus infec-
tion in severe refractory ulcerative and Crohn’s colitis. Am J Gastroenterol. 
2001;96(3):773–5. https://doi.org/10.1111/j.1572-0241.2001.03620.x:DOI]. 
[PMID:Accession Number.

14.	 Shukla T, Singh S, Loftus EV Jr., Bruining DH, McCurdy JD. Antiviral therapy in 
steroid-refractory Ulcerative Colitis with Cytomegalovirus: systematic review 
and Meta-analysis. Inflamm Bowel Dis. 2015;21(11):2718–25. [PMID:Accession 
Number 10.1097/mib.0000000000000489:DOI].

15.	 Wang Y, Aggarwal P, Liu X, Lu H, Lian L, Wu X, Guo S, Aggarwal N, Lashner 
B, Shen B. Antiviral Treatment for Colonic Cytomegalovirus Infection in 
Ulcerative Colitis Patients Significantly Improved Their Surgery Free Survival. 
J Clin Gastroenterol. 2018;52(4):e27-e31. [PMID:Accession Number https://doi.
org/10.1097/mcg.0000000000000759:DOI]

16.	 Papadakis KA, Tung JK, Binder SW, Kam LY, Abreu MT, Targan SR, Vasiliauskas 
EA. Outcome of cytomegalovirus infections in patients with inflamma-
tory bowel disease. Am J Gastroenterol. 2001;96(7):2137–42. https://doi.
org/10.1111/j.1572-0241.2001.03949.x:DOI]. [PMID:Accession Number.

17.	 Kopylov U, Eliakim-Raz N, Szilagy A, Seidman E, Ben-Horin S, Katz L. Anti-
viral therapy in cytomegalovirus-positive ulcerative colitis: a systematic 
review and meta-analysis. World J Gastroenterol. 2014;20(10):2695–2703. 
[PMID:Accession Number https://doi.org/10.3748/wjg.v20.i10.2695:DOI]

18.	 Pillet S, Pozzetto B, Roblin X. Cytomegalovirus and ulcerative colitis: 
Place of antiviral therapy. World J Gastroenterol. 2016;22(6):2030–2045. 
[PMID:Accession Number https://doi.org/10.3748/wjg.v22.i6.2030:DOI]

19.	 McCurdy JD, Enders FT, Jones A, Killian JM, Loftus EV Jr., Bruining DH, 
Smyrk TC. Detection of Cytomegalovirus in patients with inflamma-
tory bowel disease: where to Biopsy and how many biopsies? Inflamm 
Bowel Dis. 2015;21(12):2833–8. [PMID:Accession Number 10.1097/
mib.0000000000000556:DOI].

20.	 Hommes DW, Sterringa G, van Deventer SJ, Tytgat GN, Weel J. The 
pathogenicity of cytomegalovirus in inflammatory bowel disease: a 
systematic review and evidence-based recommendations for future 
research. Inflamm Bowel Dis. 2004;10(3):245–50. [PMID:Accession Number 
10.1097/00054725-200405000-00011:DOI].

21.	 Sager K, Alam S, Bond A, Chinnappan L, Probert CS. Review article: cyto-
megalovirus and inflammatory bowel disease. Aliment Pharmacol Ther. 
2015;41(8):725–33. [PMID:Accession Number 10.1111/apt.13124:DOI].

22.	 Kucharzik T, Ellul P, Greuter T, Rahier JF, Verstockt B, Abreu C, Albuquerque A, 
Allocca M, Esteve M, Farraye FA, Gordon H, Karmiris K, Kopylov U, Kirchgesner 
J, MacMahon E, Magro F, Maaser C, de Ridder L, Taxonera C, Toruner M, 
Tremblay L, Scharl M, Viget N, Zabana Y, Vavricka S. ECCO Guidelines on the 
Prevention, diagnosis, and management of infections in inflammatory bowel 
disease. J Crohns Colitis. 2021;15(6):879–913. https://doi.org/10.1093/ecco-
jcc/jjab052:DOI]. [PMID:Accession Number.

https://doi.org/10.3390/v14020352
https://doi.org/10.1007/s00384-022-04099-6:DOI]
https://doi.org/10.1007/s00384-022-04099-6:DOI]
https://doi.org/10.1093/ecco-jcc/jjaa036:DOI]
https://doi.org/10.1007/s00384-018-3210-8:DOI]
https://doi.org/10.1097/meg.0000000000000361:DOI]
https://doi.org/10.1097/meg.0000000000000361:DOI]
https://doi.org/10.2147/idr.S149784:DOI]
https://doi.org/10.1002/ibd.20498
https://doi.org/10.1002/ibd.20498
https://doi.org/10.1111/apt.12650:DOI]
https://doi.org/10.1111/j.1572-0241.2006.00989.x:DOI]
https://doi.org/10.1111/j.1572-0241.2006.00989.x:DOI]
https://doi.org/10.1038/ajg.2011.202:DOI]
https://doi.org/10.1111/j.1572-0241.2001.03620.x:DOI]
https://doi.org/10.1097/mcg.0000000000000759:DOI]
https://doi.org/10.1097/mcg.0000000000000759:DOI]
https://doi.org/10.1111/j.1572-0241.2001.03949.x:DOI]
https://doi.org/10.1111/j.1572-0241.2001.03949.x:DOI]
https://doi.org/10.3748/wjg.v20.i10.2695:DOI]
https://doi.org/10.3748/wjg.v22.i6.2030:DOI]
https://doi.org/10.1093/ecco-jcc/jjab052:DOI]
https://doi.org/10.1093/ecco-jcc/jjab052:DOI]


Page 11 of 11Hsieh et al. BMC Infectious Diseases          (2024) 24:443 

23.	 Weng MT, Tung CC, Lee YS, Leong YL, Shieh MJ, Shun CT, Wang CY, Wong JM, 
Wei SC. Cytomegalovirus colitis in hospitalized inflammatory bowel disease 
patients in Taiwan: a referral center study. BMC Gastroenterol. 2017;17(1):28. 
[PMID:Accession Number https://doi.org/10.1186/s12876-017-0586-9:DOI]

24.	 Kandiel A, Lashner B. Cytomegalovirus colitis complicating inflammatory 
bowel disease. Am J Gastroenterol. 2006;101(12):2857–65. https://doi.
org/10.1111/j.1572-0241.2006.00869.x:DOI]. [PMID:Accession Number.

25.	 Lawlor G, Moss AC. Cytomegalovirus in inflammatory bowel disease: 
pathogen or innocent bystander? Inflamm Bowel Dis. 2010;16(9):1620–7. 
[PMID:Accession Number 10.1002/ibd.21275:DOI].

26.	 Zhang WX, Ma CY, Zhang JG, He F, Liu QM, Cheng A, Liu T, Zhang J, Wang J, 
Bu X, Xie Y, Diao Z, Bai J. Effects of cytomegalovirus infection on the prognosis 
of inflammatory bowel disease patients. Exp Ther Med. 2016;12(5):3287–3293. 
[PMID:Accession Number https://doi.org/10.3892/etm.2016.3763:DOI]

27.	 Oh SJ, Lee CK, Kim YW, Jeong SJ, Park YM, Oh CH, Kim JW, Kim HJ. True 
cytomegalovirus colitis is a poor prognostic indicator in patients with 
ulcerative colitis flares: the 10-year experience of an academic referral inflam-
matory bowel disease center. Scand J Gastroenterol. 2019;54(8):976–983. 
[PMID:Accession Number https://doi.org/10.1080/00365521.2019.1646798:
DOI]

28.	 Römkens TE, Bulte GJ, Nissen LH, Drenth JP. Cytomegalovirus in inflammatory 
bowel disease: A systematic review. World J Gastroenterol. 2016;22(3):1321–
1330. [PMID:Accession Number https://doi.org/10.3748/wjg.v22.i3.1321:DOI]

29.	 Camargo JF, Anderson AD, Natori Y, Natori A, Morris MI, Pereira D, Komanduri 
KV. Early antibiotic use is associated with CMV risk and outcomes following 
allogeneic hematopoietic cell transplantation. Blood Adv. 2020;4(24):6364–
6367. [PMID:Accession Number https://doi.org/10.1182/bloodadvances.2020
003277:DOI]

30.	 Yeh PJ, Chiu CT, Lai MW, Wu RC, Chen CM, Kuo CJ, Hsu JT, Su MY, Lin WP, Chen 
TH, Le PH. Clinical manifestations, risk factors, and prognostic factors of cyto-
megalovirus enteritis. Gut Pathog. 2021;13(1):53. [PMID:Accession Number 
https://doi.org/10.1186/s13099-021-00450-4:DOI]

31.	 McDonnell L, Gilkes A, Ashworth M, Rowland V, Harries TH, Armstrong D, 
White P. Association between antibiotics and gut microbiome dysbiosis in 
children: systematic review and meta-analysis. Gut Microbes. 2021;13(1):1–18. 
[PMID:Accession Number 10.1080/19490976.2020.1870402:DOI].

32.	 Kopylov U, Papamichael K, Katsanos K, Waterman M, Bar-Gil Shitrit A, Boysen 
T, Portela F, Peixoto A, Szilagyi A, Silva M, Maconi G, Har-Noy O, Bossuyt P, 
Mantzaris G, Barreiro de Acosta M, Chaparro M, Christodoulou DK, Eliakim R, 
Rahier JF, Magro F, Drobne D, Ferrante M, Sonnenberg E, Siegmund B, Muls V, 

Thurm T, Yanai H, Dotan I, Raine T, Levin A, Israeli E, Ghalim F, Carbonnel F, Ver-
meire S, Ben-Horin S, Roblin X. Impact of Infliximab and Cyclosporine on the 
risk of colectomy in hospitalized patients with Ulcerative Colitis complicated 
by Cytomegalovirus-A Multicenter Retrospective Study. Inflamm Bowel Dis. 
2017;23(9):1605–13. https://doi.org/10.1097/mib.0000000000001160:DOI]. 
[PMID:Accession Number.

33.	 Kaneshita S, Kida T, Yokota I, Nagahara H, Seno T, Wada M, Kohno M, Kawahito 
Y. Risk factors for cytomegalovirus disease with cytomegalovirus re-activation 
in patients with rheumatic disease. Mod Rheumatol. 2020;30(1):109–15. 
https://doi.org/10.1080/14397595.2018.1551264:DOI]. [PMID:Accession 
Number.

34.	 Kim S, McClave SA, Martindale RG, Miller KR, Hurt RT. Hypoalbuminemia and 
Clinical outcomes: what is the mechanism behind the relationship? Am Surg. 
2017;83(11):1220–7. [PMID:Accession Number 10.1177/000313481708301123
:DOI].

35.	 Qin Y, Wang G, Kong D, Li G, Wang H, Qin H, Wang H. Risk factors of Cyto-
megalovirus Reactivation in Ulcerative Colitis patients: a Meta-analysis. 
Diagnostics (Basel). 2021;11(11). [PMID:Accession Number 10.3390/
diagnostics11111952:DOI].

36.	 Criscuoli V, Rizzuto MR, Cottone M. Cytomegalovirus and inflammatory 
bowel disease: is there a link? World J Gastroenterol. 2006;12(30):4813–4818. 
[PMID:Accession Number https://doi.org/10.3748/wjg.v12.i30.4813:DOI]

37.	 Nakase H, Herfarth H. Cytomegalovirus Colitis, Cytomegalovirus Hepatitis 
and systemic cytomegalovirus infection: common features and differ-
ences. Inflamm Intest Dis. 2016;1(1):15–23. [PMID:Accession Number 
10.1159/000443198:DOI].

38.	 Okahara K, Nagata N, Shimada T, Joya A, Hayashida T, Gatanaga H, Oka S, Sak-
urai T, Uemura N, Akiyama J. Colonic cytomegalovirus detection by mucosal 
PCR and antiviral therapy in ulcerative colitis. PLoS ONE. 2017;12(9):e0183951. 
https://doi.org/10.1371/journal.pone.0183951:DOI]. [PMID:Accession 
Number.

39.	 Nguyen M, Bradford K, Zhang X, Shih DQ. Cytomegalovirus reacti-
vation in Ulcerative Colitis patients. Ulcers. 2011;2011. https://doi.
org/10.1155/2011/282507. PMID:Accession Number.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1186/s12876-017-0586-9:DOI]
https://doi.org/10.1111/j.1572-0241.2006.00869.x:DOI]
https://doi.org/10.1111/j.1572-0241.2006.00869.x:DOI]
https://doi.org/10.3892/etm.2016.3763:DOI]
https://doi.org/10.1080/00365521.2019.1646798:DOI]
https://doi.org/10.1080/00365521.2019.1646798:DOI]
https://doi.org/10.3748/wjg.v22.i3.1321:DOI]
https://doi.org/10.1182/bloodadvances.2020003277:DOI]
https://doi.org/10.1182/bloodadvances.2020003277:DOI]
https://doi.org/10.1186/s13099-021-00450-4:DOI]
https://doi.org/10.1097/mib.0000000000001160:DOI]
https://doi.org/10.1080/14397595.2018.1551264:DOI]
https://doi.org/10.3748/wjg.v12.i30.4813:DOI]
https://doi.org/10.1371/journal.pone.0183951:DOI]
https://doi.org/10.1155/2011/282507
https://doi.org/10.1155/2011/282507

	﻿Adequate antiviral treatment lowers overall complications of cytomegalovirus colitis among inpatients with inflammatory bowel diseases
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Patients

	﻿Data collection
	﻿Statistical analyses

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


