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ABSTRACT

Herpes virus infection leads to severe and fatal disease in individuals with suppressed immunity. In
patients with inflammatory bowel disease (IBD), particularly those with ulcerative colitis (UC), those
undergoing immunosuppressive therapy, or those unresponsive to medical therapy, cytomegalovirus
(CMV) has been found to be associated with significant clinical morbidity. In addition, other herpes
viruses, particularly human herpes virus 6 (HHV-6) and Epstein—Barr virus (EBV), have been identified
recently in the colonic mucosa of individuals with IBD, although the relationship between herpes virus
infection other than CMV and exacerbation of IBD remains unknown. In this review, we discuss herpes
virus infection in patients with UC, focusing on the prevalence and diagnosis of CMV infection as well
as the prevalence of single or mixed infection with herpes virus (HHV-6 and EBV) in addition to CMV.
Moreover, significance of genotyping of CMV in UC is discussed.

Introduction  Ulcerative colitis (UC) and Crohn
disease (CD), which are clinically and patholog-
ically 2 distinct medical conditions, are both in-
flammatory bowel diseases (IBDs). In UC, contin-
uous inflammation limited to the colonic mucosa
is a typical feature, while CD is characterized by
transmural inflammation and skin lesions limit-
ed to the mucosal and submucosal layer and in-
volving any part of the gastrointestinal tract from
the mouth to the perianal region.! Therapeutic
options include the use of glucocorticoids, thio-
purines, or tumor necrosis factor (TNF) inhibi-
tors as monotherapy or the use of glucocorticoids
in combination with immunosuppressive drugs
such as azathioprine, cyclosporine A, and biolog-
ical drugs. Recently, an anti-a4f7 integrin anti-
body, such as vedolizumab, and Janus kinase in-
hibitors, such as tofacitinib, have been approved
as novel immunosuppressant agents in UC.?
The use of different biologics and immunosup-
pressive agents as monotherapy or in combina-
tion has been reported as a risk factor for serious
infections in patients with UC. A recent system-
ic review and meta-analysis compared the risk of
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infections between TNF inhibitors, vedolizum-
ab, and immunosuppressive agents in patients
with IBD.? It showed that the risk of serious in-
fections is higher in combination therapies of
TNF inhibitors and corticosteroids than in mono-
therapy with TNF inhibitors. On the other hand,
it revealed that the risk of infections was high-
er for monotherapy with TNF inhibitors than
for combined therapies of TNF inhibitors and
immunosuppressive agents other than cortico-
steroids. Furthermore, thiopurines were shown
to be primarily responsible for viral infections,
which sometimes become serious and, in some
cases, may even require hospitalization.® More-
over, few data are available regarding the effect
of vedolizumab and tofacitinib on the risk of se-
rious infection. Several clinical trials of vedoli-
zumab have not reported any significant risk of
serious infections, particularly in the intestines.®
However, tofacitinib-treated patients with UC
had a higher prevalence of infections with her-
pes zoster virus and cytomegalovirus (CMV) than
patients receiving placebo.” Finally, patients with
IBD have been reported as a high-risk group for



serious infection due to poor nutritional status,
inflamed mucosa, and, most importantly, due to
the use of immunosuppressive drugs as an effec-
tive therapeutic option. The most frequently re-
ported infection in IBD is CMV.®

Cytomegalovirus is a double-stranded DNA
virus belonging to the B-herpesviridae family. It
commonly affects people of all ages and establish-
es lifelong latency like other herpes viruses. En-
dothelial cells as well as blood mononuclear cells
have been reported as reservoirs for CMV follow-
ing primary infection. In a quiescent stage, CMV
usually does not manifest significant clinical signs
and symptoms except mononucleosis. However,
latent CMV becomes reactivated due to an immu-
nodeficiency disease® and prescribed drugs, such
as corticosteroids, which cause considerable im-
munosuppression. Patients diagnosed with IBD
are often put on long-term prednisolone and/or
other immunosuppressive drugs and may devel-
op iatrogenic immunosuppression. Therefore,
immunosuppressive drugs have been reported
as one of the most important stimuli to reac-
tivate CMV in IBD.”® Previous epidemiological
data regarding IBD coexistent with CMV infec-
tion revealed that patients with UC have a high-
er risk of CMV infection than those with CD (in
whom the risk is lower than 5%).? In UC, CMV
infection may present with 2 coexisting condi-
tions: CMV colitis (where CMV itself causes coli-
tis) or CMV infection.'’ In this paper, we focus
on CMV infection in UC, with particular empha-
sis on a diagnostic strategy, by reviewing our own
research and other studies. We discuss differenc-
es between CMV-induced colitis and CMV infec-
tion in UC patients (FIGURE 1). We also briefly re-
fer to colonic infection by herpes viruses other
than CMV, such as human herpes virus 6 (HHV-
-6) and Epstein-Barr virus (EBV).

Prevalence of cytomegalovirus infection in ulcerative
colitis  Cytomegalovirus infection is diagnosed
on the basis of positive serology or polymerase
chain reaction (PCR) results for CMV DNA in rel-
evant clinical samples such as blood, stool, or in-
testinal fluid. The analysis of feces by PCR seems
to be more specific for diagnosing a colonic CMV
infection in UC.

There are scarce data on the exact prevalence of
CMV in UC. A review of published data revealed
variations in the prevalence of CMV infection in
UC due to the use of different diagnostic tech-
niques by different laboratories. Therefore, the ac-
tual prevalence of CMV infection in UC is unclear.

An association between UC and CMV infection
was first reported in 1961."" Since then, numer-
ous studies have investigated the role of CMV
in UC. Recently, a prospective study reported
that a significantly higher CMV DNA level was
detected in 8 of the 17 patients (47%) with IBD
refractory to conventional therapies compared
with 5 of the 23 patients (21.7%) with nonrefrac-
tory IBD and 2 of the 40 controls (5%).'? Stud-
ies suggested that the rates of CMV infection

appear to be higher in UC, particularly in steroid-
-refractory cases. lida et al'® analyzed the prev-
alence of CMV infection in 105 corticosteroid-
and thiopurine-free patients with UC and in 82
patients with UC refractory to corticosteroid
treatment, using serology testing, CMV antigen-
emia assay, CMV-DNA PCR, and histology. They
reported the prevalence of 75.2% and 69.5% in
corticosteroid-free patients with UC, assessed
by serology and CMV antigenemia, respective-
ly. In the refractory group, the prevalence was
81.7%, 32.9%, 77.6%, and 25.9% for serology,
CMYV antigenemia, PCR, and histologic exami-
nation, respectively.'® Another study reported
that 75% of patients with steroid-refractory UC
tested positive in a CMV antigenemia assay.'”
Kim et al'® reported the prevalence of CMV in
active UC of 10% (12 of the 122 patients), using
the immunohistochemical method. The preva-
lence of CMV was 29.4% in patients with active
UC who did not undergo any immunosuppres-
sive therapies in a study by Fukuchi et al'® and
56.7% in patients with active UC refractory to
immunosuppressive therapies who tested posi-
tive for CMV DNA in the colonic mucosa by PCR
in a study by Yoshino et al."”

Endoscopic evaluation ~ Studies suggest that the di-
agnosis of CMV infection in UC on the basis of
colonoscopic findings is challenging.' After a ret-
rospective analysis of colonoscopic images, the au-
thors differentiated 2 types of colonic lesions: mu-
cosal defects and ulcerative changes. Mucosal de-
fects include the lack of visible blood vessels un-
der the mucosa, erythematous lesions, fragile
mucosa that is prone to bleeding on minimal con-
tact with an endoscope, mucosal edema, as well
as blood and pus exudates. Some studies have in-
dicated several forms of ulceration, for example,
widespread mucosal defect, a clearly demarcated
round ulcer, ulcer along the colon, irregular ulcer-
ation, and cobblestone-like appearance, to explain
ulcerative changes (FIGURE 2). Punched-out, longi-
tudinal, and irregular ulceration has been suggest-
ed as a characteristic colonoscopic finding in pa-
tients with UC complicated by CMV infection.'®'?
However, most studies reported that endoscopic
features of UC and CMV infection or colitis over-
lap in patients with active UC who were consid-
ered susceptible to CMV infection.?’?* Thus, en-
doscopic evaluation might have a less significant
role in establishing an accurate diagnosis of CMV
in UC patients.

Diagnostic strategy  Cytomegalovirus infection
adversely affects the clinical course of UC. There-
fore, an appropriate diagnosis of the infection
in these patients is necessary. There are numer-
ous methods available to identify a colonic infec-
tion, for example, assessing the presence of CMV-
-specific antibodies or CMV and CMV DNA in pe-
ripheral blood and colonic tissue, fluid, or feces,
which helps determine an association of the infec-
tion with concomitant clinical symptoms of UC.
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FIGURE 2

Colonoscopic image of

a cytomegalovirus-
-associated punched-out
round ulcer in the rectum
of a patient with active
ulcerative colitis

The currently used techniques to diagnose colon-
ic CMV infection are discussed below.

Detection of immunoglobulin IgM and IgG antibodies
to cytomegalovirus  Serology testing helps deter-
mine a previous exposure to a virus. Serological
analysis is usually performed by an enzyme-linked
immunosorbent assay using a serum sample. Both
IgM and IgG antibody titers are necessary to diag-
nose CMV infection. An increased IgM antibody
titer indicates primary infection, takes 2 years
to disappear from serum, and is rarely increased
during reactivation of CMV (0.2%-1% of cases).
Cytomegalovirus-specific IgG antibody titer is
analyzed in 2 different serum samples collected
at an interval of 2 to 4 weeks. A 4-fold increase
in IgG antibody titers is used as one of the crite-
ria to diagnose CMV. However, a serological anal-
ysis is considered a nonspecific test for diagnos-
ing colonic CMV infection.?*

PP% antigenemia Detection of the PP® antigen
in peripheral blood mononuclear leukocytes us-
ing immunofluorescence generally indicates an ac-
tive infection or reactivation of CMV, with a sen-
sitivity of 60% to 100% and a specificity of 83% to
100%.%5%6 However, similar to serology, positive
results in blood samples do not reflect the con-
current CMV infection in the colon.?’ If there is
neutropenia, a CMV antigenemia test may re-
veal a false negative result.® Positive results of
CMV antigenemia reflect a systemic infection,
but they do not always correlate with colonic in-
fection in UC.?®

Histologic detection of cytomegalovirus in colonic
tissue A histologic analysis of a colonic biopsy
specimen is performed mainly by hematoxylin
and eosin staining followed by microscopy. Cy-
tomegalovirus induces the production of inclu-
sion bodies in the nucleus and cytoplasm. Large-
-sized cells (approximately 25 to 50 um in diam-
eter) containing intranuclear and cytoplasmic
inclusion bodies visible under a microscope as
an owl’s-like eye are defined as cytomegalic cells,
which are a typical feature of CMV infection in tis-
sue. Cytomegalic inclusion bodies are found very
rarely, and a histologic analysis is considered to

have a low sensitivity for detecting CMV in in-
testinal tissue. Importantly, the collection of bi-
opsy specimens from the deep mucosal layer is
difficult for endoscopists due to inflamed muco-
sa in UC. The superficial mucosal layer is collect-
ed for biopsy to prevent the risk of bleeding and
mucosal damage. Therefore, epithelial cells, rare-
ly infected by CMV,, can be visible under a micro-
scope following hematoxylin and eosin staining,.
That is why, a histologic analysis provides false
negative results.?®-%2

The area for collecting a tissue specimen from
the colon and the amount of a tissue specimen
required to identify CMV infection have not
been fully elucidated. Zidar et al*? showed that
the density of CMV-positive cells was high-
er in the base and edge of the ulcer, whereas
CMV-positive cells were not found in the un-
involved portion of the colon using immuno-
histochemistry. McCurdy et al** recommend-
ed collecting 11 biopsies to assess CMV in UC.
Although CMV is heterogeneously distributed
along the colon, the region shown to be the most
affected by CMV was the rectum. As the rec-
tal region is more prone to the infection and
usually shows the most severe inflammation in
UC, CMV may be more likely to be accumulated
at this site.** The ulcer bed seems to be the res-
ervoir of CMV?®6; however, this area cannot be
accessed due to the risk of bleeding and intes-
tinal perforation. To improve the sensitivity of
histologic examination, an immunohistochem-
ical study has been used, and this combination
is considered the gold standard for the detec-
tion of CMV.?7%8 A recent study has shown that
patients with 2 or more CMV-positive cells on
immunohistochemistry per biopsy had a higher
risk for colectomy.*® Jones et al*’ recommended
that 5 positive cells per biopsy should be con-
sidered as immunohistochemistry positive for
CMV. Finally, Kredel et al*' have recently stud-
ied the diagnostic accuracy of immunohisto-
chemistry and considered it to be positive when
only 1 positive cell was detected. However, they
performed immunohistochemistry in UC pa-
tients with clinical and endoscopic suspicion of
CMV colitis.*! Despite its advantages, histolog-
ic analysis is a time-consuming and technically
demanding method.

Diagnosis of intestinal cytomegalovirus infection by
polymerase chain reaction Amplification of CMV
DNA by a qualitative and quantitative PCR assay
is used to detect CMV in blood, urine, colonic tis-
sue, and feces. Colonic samples such as colonic
mucosa and feces are more specific to identify co-
lonic CMV infection than blood or urinary PCR.
Similar to a CMV antigenemia test, a blood sample
positive for CMV DNA does not indicate a colonic
infection.?> " Recently, Okahara et al*® analyzed
mucosal tissue for the detection of CMV infection
by PCR. Among UC patients with CMV-DNA pos-
itivity determined by mucosal PCR, 56% showed
negative results in a CMV antigenemia assay.
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It was reported that the use of noninvasive
tests such as stool PCR is beneficial for patients
with UC. Qualitative or quantitative PCR analy-
sis has also been introduced to detect CMV DNA
in feces."’-*" Fecal analysis may have considerable
advantages in patients with UC, because physi-
cians often face difficulties in obtaining endoscop-
ic tissue specimens, particularly in patients with
flare-ups due to the risk of bleeding. Moreover, pa-
tients sometimes refuse an endoscopic examina-
tion, especially in severe cases. Thus, stool analy-
sis may prove as an easy, noninvasive, and conve-
nient tool. The European Crohn’s and Colitis Or-
ganisation has recommended the use of fresh stool
samples for PCR.*" In our previous article, a quali-
tative multiplex PCR assay using fresh stool sam-
ples was suggested as a rapid and feasible screen-
ing tool for the detection of CMV DNA in patients
with UC.%? Although only qualitative tests can de-
tect CMV infection, they are not useful for diag-
nosing CMV colitis, in which a histologic analysis
or PCR of colonic tissue is recommended. Positive
results of PCR for CMV DNA were defined as re-
activation by previous study.'” A PCR assay indi-
cates the presence of colonic CMV infection rath-
er than CMV colitis. Furthermore, if colonic PCR
results are positive for the presence of CMV DNA,
patients with UC should be monitored or treated
for CMV infection. Particular attention should be
paid to patients with UC who are refractory to im-
munosuppressive therapies.®?

Risk factors for cytomegalovirus infection in ulcerative
colitis  Three major risk factors for CMV infec-
tion have been identified in experimental stud-
ies: 1) inflamed colonic tissue with ulcer, which
acts as a reservoir of CMV; 2) impaired immunity
in patients with UC; and 3) the use of immuno-
suppressive drugs such as corticosteroids or cy-
closporine, or their combination. Several lines of
evidence have indicated that a monotherapy with
corticosteroids or the combined use of corticoste-
roids and immunosuppressive drugs constituted
a major risk factor for CMV infection in UC.%-56
Moreover, a recent retrospective study indicated
old age, high endoscopic score, and a higher cor-
ticosteroid dose as risk factors for CMV infection
in patients with UC.%? Suzuki et al'® reported that
all patients who were positive for CMV in a CMV
antigenemia assay received corticosteroid ther-
apy, in contrast to CMV-negative patients. Oth-
er authors showed that after starting ganciclo-
vir therapy and discontinuing steroids, steroid-
-resistant symptoms of UC improved.?’ Our ex-
perimental data revealed that immunosuppressive
drugs increased the risk of CMV infection in UC
patients.’® Similarly, a large retrospective obser-
vational study demonstrated that all UC patients
positive for CMV infection had a history of corti-
costeroid therapy. It was shown that symptoms
of CMV colitis develop due to immunosuppres-
sive states, particularly in organ transplant recipi-
ents, patients with HIV infection, and in those on
immunosuppressive therapy.®’ A systemic review
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of case series reported that all UC patients had
CMV infection after a long-term corticosteroid
therapy. Patients with UC receiving azathioprine
and steroids were found to be at increased risk
of CMV infection in a prospective study.’® Final-
ly, a recent meta-analysis revealed that the use
of corticosteroids and thiopurines was associat-
ed with CMV reactivation in UC.5°

Mixed infection with herpes viruses in ulcerative
colitis  There is limited evidence on mixed in-
fection with CMV, EBV, and/or HHV-6 in pa-
tients with UC. In our study, a multiplex PCR
analysis of herpes virus DNA using stool sam-
ples demonstrated the prevalence of CMV, EBV,
and HHV-6 of 36.6%, 36.6%, and 11.3%, respec-
tively, and the simultaneous presence of CMV
and EBV, and/or HHV-6 was significantly high-
er in patients with active UC (24.1%). Our study
also suggested the possible synergistic role of
these 3 viruses in the pathogenesis of UC.%? Our
findings are in line with a study by Wakefield et
al,’ who examined herpes virus DNA in colon-
ic tissue and peripheral blood samples collect-
ed from patients with UC. They demonstrated
a higher prevalence of CMV (81%), EBV (76%),
and HHV-6 (76%) in patients with UC than in
controls. They also showed that the simultane-
ous presence of HHV-6 and CMV and/or EBV
was more common in the colonic tissue of UC
patients than in controls (76% vs 29%; P <0.05),
which also suggests the synergistic role of these
viruses in the pathogenesis of UC.5°

The role of HHV-6 in the development of CMV
infection was reported in solid organ transplant re-
cipients.®":5? Similarly, EBV reactivation was also
demonstrated in a large study of patients with pri-
mary CMV infection.?® Several studies have report-
ed a mixed infection with herpes virus in patients
with UC. Hosomi et al®* enrolled 66 patients with
UC in whom herpes virus DNA was detected using
the multiplex PCR of colonic tissue. The simultane-
ous presence of different herpes viruses (CMV, EBV,
and/or HHV-6) was shown in 10.6% patients with
UC. Further analysis demonstrated the association
of a mixed infection (CMV with concurrent EBV
or HHV-6) with the clinical course of UC. The au-
thors showed that EBV or HHV-6 could synergis-
tically exacerbate the intestinal inflammation or
increase the risk of CMV reactivation, which in-
creased the risk of surgery.®* Shimada et al®® re-
ported the prevalence of EBV, CMV, and HHV-6
infection of 53.7%, 24.4%, and 39%, respectively,
in patients with UC, using mucosal PCR. However,
they did not report on a mixed infection.

Based on these findings, it is likely that
the prevalence of mucosal infection of EBV and
HHV-6 is higher in UC coexisting with CMV in-
fection, which may imply the role of mixed her-
pes virus infection (CMV, EBV, and HHV-6) in
the pathogenesis of UC.

Cytomegalovirus is frequently reactivated in
UC, particularly in individuals taking corticoste-
roids, thiopurines, or TNF inhibitors.?¢-%7 Also



a significant association was reported between
CMV infection and clinical morbidity, including
toxic megacolon or increased risk of colectomy.®®
However, there has been no clear evidence regard-
ing the association between other herpes viruses
or a combined presence of human herpes virus-
es and the risk of CMV in patients with UC, al-
though a few cases of colitis associated with her-
pes simplex virus have been reported in patients
with UC.%°7" It was also reported that patients
with UC who take immunosuppressive drugs are
at high risk for varicella zoster virus reactiva-
tion.”? However, infection with herpes simplex
virus 1 and 2 or varicella zoster virus is not com-

mon in colonic tissue.”?

Genotyping of cytomegalovirus in ulcerative colitis
Despite the availability of extensive results on
the distribution of pathogenic CMV strains in
patients with congenital infection, solid organ
transplant recipients, patients after hematopoi-
etic stem cell transplantation, and those with
AIDS, there are few data regarding the genotyp-
ic distribution of CMV in patients with UC. Our
previous study revealed that glycoproteins B1,
N3, and H2 were the most frequent genotypes in
UC. A correlation between the gB1 and gH2 genes
and symptoms of UC was reported.”* However,
due to the lack of sufficient data, it was impossi-
ble to draw firm conclusions. Similarly, gB1 was
shown as the most prevalent genotype of CMV
in UC.”® A genotypic analysis in a large popula-
tion is needed to differentiate between the patho-
genic and nonpathogenic strains of CMV to eluci-
date the role of CMV in the pathogenesis of UC.”®

Conclusions  As there is growing evidence for
a considerable prevalence of herpes virus infec-
tion, particularly with CMV, in patients with UC,
future research should focus on several crucial is-
sues such as establishing the exact prevalence of
CMYV infection in UC, the effect of CMV infection
on the exacerbations of colitis, the best diagnos-
tic and preventive strategies, accurate timing for
starting antiviral therapy, the exact mechanism
of reactivation or enhancing the pathogenicity of
CMYV, as well as the impact of infection depend-
ing on whether there is 1 or more herpes viruses.

ARTICLE INFORMATION

CONFLICT OF INTEREST  None declared.

OPEN ACCESS This is an Open Access article distributed under the terms
of the Creative Commons AttributionNonCommercialShareAlike 4.0 Interna-
tional License (CC BY-NC-SA 4.0), allowing third parties to copy and redis-
tribute the material in any medium or format and to remix, transform, and
build upon the material, provided the original work is properly cited, distrib-
uted under the same license, and used for noncommercial purposes only. For

commercial use, please contact the journal office at pamw@mp.pl.

HOW TO CITE Nahar S, Hokama A, Fujita J. Clinical significance of cyto-
megalovirus and other herpes virus infections in ulcerative colitis. Pol Arch
Intern Med. 2019; 129: 620-626. doi:10.20452/pamw. 14835

REFERENCES

1 Matsuoka K, Kobayashi T, Ueno F, et al. Evidence-based clinical prac-
tice guidelines for inflammatory bowel disease. J Gastroenterol. 2018; 53:
305-353. (7

2 Fukuda T, Naganuma M, Kanai T. Current new challenges in the manage-
ment of ulcerative colitis. Intest Res. 2019; 17: 36-44. (7

3 Singh S, Facciorusso A, Dulai PS, et al. Comparative risk of serious in-
fections with biologic and/or immunosuppressive therapy in patients with in-
flammatory bowel diseases: a systemic review and meta-analysis. Clin Gas-
troenterol Hepatol. 2019 Mar 12. [Epub ahead of print]. (7'

4 Sandborn WJ, Su C, Sands BE, et al. Tofacitinib as induction and mainte-
nance therapy for ulcerative colitis. N Engl J Med. 2017; 376: 1723-1736. (£

5 Nakase H, Herfarth H. Cytomegalovirus colitis, cytomegalovirus hepati-
tis and systemic cytomegalovirus infection: common features and differenc-
es. Inflamm Intest Dis. 2016; 1: 15-23. (7

6  Kotzlik P, Kosatka J, Gatazka K, et al. Cytomegalovirus gastroenteritis with
pyloric stenosis and persistent malabsorption in a patient with common vari-
able immunodeficiency. Pol Arch Intern Med. 2018; 128: 783-784.

7 Schenk W, Klugmann T, Borkenhagen A, et al. The detection of the cy-
tomegalovirus DNA in the colonic mucosa of patients with ulcerative coli-
tis is associated with increased long-term risk of proctocolectomy: results
from an outpatient IBD clinic. Int J Colorectal Dis. 2018; 34: 393-400. (7'

8 Pillet S, Pozzetto B, Roblin X. Cytomegalovirus and ulcerative colitis:
place of antiviral therapy. World J Gastroenterol. 2016; 22: 2030-2045. (7'

9 Nakase H, Yoshino T, Honzawa Y. Low prevalence of CMV Infection in
patients with Crohn’s disease in comparison with ulcerative colitis: effect
of different immune response on prevalence of CMV infection. Dig Dis Sci.
2010; 55: 1498-1499. (7'

10 Nakase H, Matsumura K, Yoshino T, Chiba T. Systematic review: cyto-
megalovirus infection in inflammatory bowel disease. J Gastroenterol. 2008;
43: 735-740. (7

11 Powell RD, Warner NE, Levine RS, Kirsner JB. Cytomegalic inclusion
disease and ulcerative colitis. Am J Med. 1961; 30: 334-340. ('

12 Ciccocioppo R, Racca F, Paolucci S, et al. Human cytomegalovirus and
Epstein-Barr virus infection in inflammatory bowel disease: need for muco-
sal viral load measurement. World J Gastroenterol. 2015; 21: 1915-1926. (£

13 lida T, lkeya K, Watanabe F, et al. Looking for endoscopic features of
cytomegalovirus colitis: a study of 187 patients with active ulcerative coli-
tis, positive and negative for cytomegalovirus. Inflamm Bowel Dis. 2013;
19: 1156-1163. (£

14 Chun J, Lee C, Kwon JE, et al. Usefulness of the cytomegalovirus an-
tigenemia assay in patients with ulcerative colitis. Intest Res. 2015; 13:
50-59. (4"

15  Kim JJ, Simpson N, Klipfel N, et al. Cytomegalovirus infection in pa-
tients with active inflammatory bowel disease. Dig Dis Sci. 2010; 55:
1059-1065. (7

16 Fukuchi T, Nakase H, Matsuura M, et al. Effect of intensive granulocyte
and monocyte adsorptive apheresis in patients with ulcerative colitis posi-
tive for cytomegalovirus. J Crohns Colitis. 2013; 7: 803-811. (£

17 Yoshino T, Nakase H, Ueno S, et al. Usefulness of quantitative real-time
PCR assay for early detection of cytomegalovirus infection in patients with
ulcerative colitis refractory to immunosuppressive therapies. Inflamm Bow-
el Dis. 2007; 13: 1516-1521. (7'

18 Hirayama Y, Ando T, Hirooka Y, et al. Characteristic endoscopic findings
and risk factors for cytomegalovirus-associated colitis in patients with ac-
tive ulcerative colitis. World J Gastrointest Endosc. 2016; 8: 301-309. ('

19 Suzuki H, Kato J, Kuriyama M, et al. Specific endoscopic features of ul-
cerative colitis complicated by cytomegalovirus infection. World J Gastro-
enterol. 2010; 16: 1245-1251. (7

20 Roblin X, Pillet S, Oussalah A, et al. Cytomegalovirus load in inflamed
intestinal tissue is predictive of resistance to immunosuppressive therapy in
ulcerative colitis. Am J Gastroenterol. 2011; 106: 2001-2008. (7

21 Wada Y, Matsui T, Matake H, et al. Intractable ulcerative colitis caused
by cytomegalovirus infection: a prospective study on prevalence, diagnosis,
and treatment. Dis Colon Rectum. 2003; 46: S59-S65.

22 Kandiel A, Lashner B. Cytomegalovirus colitis complicating inflammato-
ry bowel disease. Am J Gastroenterol. 2006;101: 2857-2865. (7"

23 Korkmaz M, Kunefeci G, Selcuk H, et al. The role of early colonos-
copy in CMV colitis of transplant recipients. Transplant Proc. 2005; 37:
3059-3060. ('

24 Nakase H, Onodera K. Targeting cytomegalovirus during ulcerative coli-
tis flare-ups. Expert Rev Gastroenterol Hepatol. 2016; 2: 1-7. ('

25 Boivin G, Handfield J, Toma E, et al. Evaluation of the AMPLICOR cy-
tomegalovirus test with specimens from human immunodeficiency virus-
-infected subjects. J Clin Microbiol. 1998; 36: 2509-2513.

26  Lazzarotto T, Dal Monte P, Landini MP. Recent advances in the diagno-
sis of cytomegalovirus infection. Ann Biol Clin (Paris). 1996; 54: 259-265.

27 Domenech E, Vega R, Ojanguren |, et al. Cytomegalovirus infection in
ulcerative colitis: a prospective, comparative study on prevalence and diag-
nostic strategy. Inflamm Bowel Dis. 2008; 14: 1373-1379. ('

28 Matsuoka K, Iwao Y, Mori T, et al. Cytomegalovirus is frequently re-
activated and disappears without antiviral agents in ulcerative colitis pa-
tients. Am J Gastroenterol. 2007; 102: 331-337. ('

29 Nguyen M, Bradford K, Zhang X, Shih DQ. Cytomegalovirus reactiva-
tion in ulcerative colitis patients. Ulcers. 2011; 2011: 282507. ('

REVIEW ARTICLE Cytomegalovirus infection in ulcerative colitis 625


https://doi.org/10.5217/ir.2018.00126
https://doi.org/10.5217/ir.2018.00126
https://doi.org/10.1016/j.cgh.2019.02.044
https://doi.org/10.1016/j.cgh.2019.02.044
https://doi.org/10.1016/j.cgh.2019.02.044
https://doi.org/10.1016/j.cgh.2019.02.044
https://doi.org/10.1056/NEJMoa1606910
https://doi.org/10.1056/NEJMoa1606910
https://doi.org/10.1159/000443198
https://doi.org/10.1159/000443198
https://doi.org/10.1159/000443198
https://doi.org/10.1007/s00384-018-3210-8
https://doi.org/10.1007/s00384-018-3210-8
https://doi.org/10.1007/s00384-018-3210-8
https://doi.org/10.1007/s00384-018-3210-8
https://doi.org/10.3748/wjg.v22.i6.2030
https://doi.org/10.3748/wjg.v22.i6.2030
https://doi.org/10.1007/s10620-010-1162-0
https://doi.org/10.1007/s10620-010-1162-0
https://doi.org/10.1007/s10620-010-1162-0
https://doi.org/10.1007/s10620-010-1162-0
https://doi.org/10.1007/s00535-008-2246-x
https://doi.org/10.1007/s00535-008-2246-x
https://doi.org/10.1007/s00535-008-2246-x
https://doi.org/10.1016/0002-9343(61)90105-X
https://doi.org/10.1016/0002-9343(61)90105-X
https://doi.org/10.3748/wjg.v21.i6.1915
https://doi.org/10.3748/wjg.v21.i6.1915
https://doi.org/10.3748/wjg.v21.i6.1915
https://doi.org/10.1097/MIB.0b013e31828075ce
https://doi.org/10.1097/MIB.0b013e31828075ce
https://doi.org/10.1097/MIB.0b013e31828075ce
https://doi.org/10.1097/MIB.0b013e31828075ce
https://doi.org/10.5217/ir.2015.13.1.50
https://doi.org/10.5217/ir.2015.13.1.50
https://doi.org/10.5217/ir.2015.13.1.50
https://doi.org/10.1007/s10620-010-1126-4
https://doi.org/10.1007/s10620-010-1126-4
https://doi.org/10.1007/s10620-010-1126-4
https://doi.org/10.1016/j.crohns.2012.12.003
https://doi.org/10.1016/j.crohns.2012.12.003
https://doi.org/10.1016/j.crohns.2012.12.003
https://doi.org/10.1002/ibd.20253
https://doi.org/10.1002/ibd.20253
https://doi.org/10.1002/ibd.20253
https://doi.org/10.1002/ibd.20253
https://doi.org/10.4253/wjge.v8.i6.301
https://doi.org/10.4253/wjge.v8.i6.301
https://doi.org/10.4253/wjge.v8.i6.301
https://doi.org/10.3748/wjg.v16.i10.1245
https://doi.org/10.3748/wjg.v16.i10.1245
https://doi.org/10.3748/wjg.v16.i10.1245
https://doi.org/10.1038/ajg.2011.202
https://doi.org/10.1038/ajg.2011.202
https://doi.org/10.1038/ajg.2011.202
https://doi.org/10.1111/j.1572-0241.2006.00869.x
https://doi.org/10.1111/j.1572-0241.2006.00869.x
https://doi.org/10.1016/j.transproceed.2005.07.013
https://doi.org/10.1016/j.transproceed.2005.07.013
https://doi.org/10.1016/j.transproceed.2005.07.013
https://doi.org/10.1080/17474124.2016.1192461
https://doi.org/10.1080/17474124.2016.1192461
https://doi.org/10.1002/ibd.20498
https://doi.org/10.1002/ibd.20498
https://doi.org/10.1002/ibd.20498
https://doi.org/10.1111/j.1572-0241.2006.00989.x
https://doi.org/10.1111/j.1572-0241.2006.00989.x
https://doi.org/10.1111/j.1572-0241.2006.00989.x
https://doi.org/10.1155/2011/282507
https://doi.org/10.1155/2011/282507
http://creativecommons.org/licenses/by-nc-sa/4.0
https://doi.org/10.1007/s00535-018-1439-1
https://doi.org/10.1007/s00535-018-1439-1
https://doi.org/10.1007/s00535-018-1439-1

626

30 Mills AM, Guo FP, Copland AP, et al. A comparison of CMV detec-
tion in gastrointestinal mucosal biopsies using immunohistochemistry and
PCR performed on formalin-fixed, paraffin-embedded tissue. Am J Surg
Pathol. 2013; 37: 995-1000. ('

31 Langner C, Magro F, Driessen A, et al. The histopathological approach
to inflammatory bowel disease: a practice guide. Virchows Arch. 2014; 464:
511-527. (7

32 Zidar N, Ferkolj I, Tepe$ K, et al. Diagnosing cytomegalovirus in patients
with inflammatory bowel disease — by immunohistochemistry or polymerase
chain reaction? Virchows Arch. 2015; 466: 533-539. (7'

33 McCurdy JD, Enders FT, Jones A, et al. Detection of cytomegalovirus in
patients with inflammatory bowel disease: Where to biopsy and how many
biopsies? Inflamm Bowel Dis. 2015; 21: 2833-2838. (2"

34 Wethkamp N, Nordlohne EM, Meister V, et al. Identification of clinically
relevant cytomegalovirus infection in patients with inflammatory bowel dis-
ease. Mod Pathol. 2018; 31: 527-528. ('

35 Razonable RR, Humar A. Cytomegalovirus in solid organ transplanta-
tion. Am J Transpl. 2013; 13 (suppl 4): 93-106. ('

36 Kotton CN, Kumar D, Caliendo AM, et al. Updated international consen-
sus guidelines on the management of cytomegalovirus in solid-organ trans-
plantation. Transplantation. 2013; 96: 333-360. ('

37 Bitton A, Buie D, Enns R, et al. Treatment of hospitalized adult patients
with severe ulcerative colitis: Toronto consensus statements. Am J Gastro-
enterol. 2012; 107: 179-194. ('

38 Shukla T, Singh S, Loftus EV Jr, et al. Antiviral therapy in steroid-
-refractory ulcerative colitis with cytomegalovirus: Systematic review and
meta-analysis. Inflamm Bowel Dis. 2015; 21: 2718-2725. (7'

39 Clos-Parals A, Rodriguez-Martinez P, Caiiete F, et al. Prognostic value of
the burden of cytomegalovirus colonic reactivation evaluated by immunohis-
tochemical staining in patients with active ulcerative colitis. J Crohns Coli-
tis. 2019; 13: 385-388. (7'

40  Jones A, McCurdy JD, Loftus EV Jr, et al. Effects of antiviral therapy
for patients with inflammatory bowel disease and a positive intestinal biop-
sy for cytomegalovirus. Clin Gastroenterol Hepatol. 2015; 13: 949-955. ('

41 Kredel LI, Mundt P, Van Riesen L, et al. Accuracy of diagnostic tests
and a new algorithm for diagnosing cytomegalovirus colitis in inflamma-
tory bowel diseases: a diagnostic study. Int J Colorectal Dis. 2019; 34:
229-237. (7

42 Rogers BB, Alpert LC, Hine EA, Buffone GJ. Analysis of DNA in fresh
and fixed tissue by the polymerase chain reaction. Am J Pathol. 1990; 136:
541-548.

43 Chang MH, Huang HH, Huang ES, et al. Polymerase chain reaction to
detect human cytomegalovirus in livers of infants with neonatal hepatitis.
Gastroenterology. 1992; 103: 1022-1025. €y

44 Persons DL, Moore JA, Fishback JL. Comparison of polymerase chain
reaction, DNA hybridization, and histology with viral culture to detect cyto-
megalovirus in immunosuppressed patients. Mod Pathol. 1991; 4: 149-153.

45 Chen YT, Mercer GO, Cheigh JS, Mouradian JA. Cytomegalovirus infec-
tion of renal allografts. Detection by polymerase chain reaction. Transplan-
tation. 1992; 53: 99-102. ('

46 Okahara K, Nagata N, Shimada T, et al. Colonic cytomegalovirus de-
tection by mucosal PCR and antiviral therapy in ulcerative colitis. PLoS One.
2017; 12: e0183951. (£

47  Johnson J, Affolter K, Boynton K, et al. CMV Disease in IBD: Compari-
son of diagnostic tests and correlation with disease outcome. Inflamm Bow-
el Dis. 2018; 24: 1539-1546. (7

48 Boom R, Sol C, Weel J, et al. Detection and quantitation of human cy-
tomegalovirus DNA in faeces. J Virol Methods. 2000; 84: 1-14. (7'

49 Ganzenmueller T, Kluba J, Becker JU, et al. Detection of cytomegalovi-
rus (CMV) by real-time PCR in fecal samples for the non-invasive diagnosis
of CMV intestinal disease. J Clin Virol. 2014; 61: 517-522. ('

50 Herfarth HH, Long MD, Rubinas TC, et al. Evaluation of a non-invasive
method to detect cytomegalovirus (CMV)-DNA in stool samples of patients
with inflammatory bowel disease (IBD): a pilot study. Dig Dis Sci. 2010; 55:
1053-1058. (7'

51 Rahier JF, Magro F, Abreu C, et al. Second European evidence-based
consensus on the prevention, diagnosis and management of opportunis-
tic infections in inflammatory bowel disease. J Crohns Colitis 2014; 8:
443-468. (7

52 Nahar, Iraha A, Hokama A, et al. Evaluation of a multiplex PCR assay
for detection of cytomegalovirus in stool samples from patients with ulcer-
ative colitis. World J Gastroenterol. 2015; 21: 12667-12675. (7

53 Nakase H, Yoshino T, Matumura K, et al. Positive finding of colonic
polymerase chain reaction for cytomegalovirus DNA is not false positive but
a warning for treating patients with ulcerative colitis refractory to immuno-
suppressive therapies. Inflamm Bowel Dis. 2011; 17: E13-E14. ('

54 Inokuchi T, Kato J, Hiaoka S, et al. Long-term follow up of ulcerative
colitis patients treated on the basis of their cytomegalovirus antigen status.
World J Gastroenterol. 2014; 20: 509-517. ('

55 Sager K, Alam S, Bond A, et al. Review article: cytomegalovirus and in-
flammatory bowel disease. Aliment Pharmacol Ther. 2015; 41: 725-733. ('

POLISH ARCHIVES OF INTERNAL MEDICINE  2019; 129 (9)

56  Thorn M, Rorsman F, Ronnblom A, et al. Active cytomegalovirus infec-
tion diagnosed by real-time PCR in patients with inflammatory bowel dis-
ease: a prospective, controlled observational study. Scand J Gastroenter-
ol. 2016; 51: 1075-1080. (7'

57 Zagorowicz E, Bugajski M, Wieszczy P, et al. Cytomegalovirus infec-
tion in ulcerative colitis is related to severe inflammation and a high count
of cytomegalovirus-positive cells in biopsy is a risk factor for colectomy.
J Crohns Colitis. 2016; 10: 1205-1211. (7'

58 Hommes DW, Sterringa G, van Deventer SJ, et al. The pathogenici-
ty of cytomegalovirus in inflammatory bowel disease: a systematic review
and evidence-based recommendations for future research. Inflamm Bowel
Dis. 2004; 10: 245-250. ('

59 Lv YL, Han FF, Jia YJ, et al. Is cytomegalovirus infection related to in-
flammatory bowel disease, especially steroid-resistant inflammatory bowel
disease? A meta-analysis. Infect Drug Resist. 2017; 10: 511-519. ('

60 Wakefield AJ, Fox JD, Sawyerr AM, et al. Detection of herpesvi-
rus DNA large intestine of patients with ulcerative colitis and Crohn's dis-
ease using the nested polymerase chain reaction. J Med Virol. 1992; 38:
183-190. ('

61 Mendez JC, Dockrell DH, Espy MJ, et al. Human beta-herpesvirus in-
teractions in solid organ transplant recipients. J Infect Dis. 2001; 183:
179-184. ('

62 Harma M, Hockerstedt K, Lyytikdinen O, Lautenschlager |. HHV-6 and
HHV-7 antigenemia related to CMV infection after liver transplantation.
J Med Virol. 2006; 78: 800-805. ('

63 Aalto SM, Linnavuori K, Peltola H, et al. Inmunoreactivation of Epstein-
-Barr virus due to cytomegalovirus primary infection. J Med Virol. 1998;
56: 186-191. ('

64 Hosomi S, Watanabe K, Nishida Y, et al. Combined infection of human
herpes viruses: A risk factor for subsequent colectomy in ulcerative coli-
tis. Inflamm Bowel Dis. 2018; 24: 1307-1315. (7

65 Shimada T, Nagata N, Okahara K, et al. PCR detection of human her-
pesviruses in colonic mucosa of individuals with inflammatory bowel dis-
ease: Comparison with individuals with immunocompetency and HIV infec-
tion. PLoS One. 2017; 12: e0184699. ('

66 Widmann T, Sester U, Gértner BC, et al. Levels of CMV specific CD4 T
cells are dynamic and correlate with CMV viremia after allogeneic stem cell
transplantation. PLoS One. 2008; 3: e3634. ('

67 Adler SP, Hempfling SH, Starr SE, et al. Safety and immunogenicity
of the Towne strain cytomegalovirus vaccine. Pediatr Infect Dis J. 1998;
17: 200-206. (7'

68 Garrido E, Carrera E, Manzano R, Lopez-Sanroman A. Clinical signifi-
cance of cytomegalovirus infection in patients with inflammatory bowel dis-
eases. World J Gastroenterol. 2013; 19: 17-25. ('

69 el-Serag HB, Zwas FR, Cirillo NW, Eisen RN. Fulminant herpes colitis in
a patient with Crohn’s disease. J Clin Gastroenterol. 1996; 22: 220-223. (7'

70  Schunter MO, Walles T, Fritz P, et al. Herpes simplex virus colitis com-
plicating ulcerative colitis: a case report and brief review on superinfections.
J Crohns Colitis. 2007; 1: 41-46. (7

71 Smith JO, Sterling RK, Mills AS, et al. Herpes simplex virus colitis in
a patient with Crohn’s disease and hepatitis B and d cirrhosis. Gastroenterol
Hepatol (N Y). 2010; 6: 120-122.

72 Gupta G, Lautenbach E, Lewis JD, Lewis JD. Incidence and risk fac-
tors for herpes zoster among patients with inflammatory bowel disease. Clin
Gastroenterol Hepatol. 2006; 4: 1483-1490. (7'

73 Pui JC, Furth EE, Minda J, Montone KT. Demonstration of varicella-
-zoster virus infection in the muscularis propria and myenteric plexi of
the colon in an HIV-positive patient with herpes zoster and small bowel
pseudo-obstruction (Ogilvie’s syndrome). Am J Gastroenterol. 2001; 96:
1627-1630. (7"

74 Nahar S, Hokama A, Iraha A, et al. Distribution of cytomegalovirus
genotypes among ulcerative colitis patients in Okinawa, Japan. Intest Res.
2018; 16: 90-98. (7'

75 Taherkhani R, Farshadpour F, Makvandi M, et al. Determination of cy-
tomegalovirus prevalence and glycoprotein B genotypes among ulcerative
colitis patients in Ahvaz, Iran. Jundishapur J Microbiol. 2015; 8: 17458, (£

76 Kandiel A, Lashner B. Cytomegalovirus colitis complicating inflammato-
ry bowel disease. Am J Gastroenterol. 2006; 101: 2857-2865. (7'


https://doi.org/10.3109/00365521.2016.1156154
https://doi.org/10.3109/00365521.2016.1156154
https://doi.org/10.3109/00365521.2016.1156154
https://doi.org/10.3109/00365521.2016.1156154
https://doi.org/10.1093/ecco-jcc/jjw071
https://doi.org/10.1093/ecco-jcc/jjw071
https://doi.org/10.1093/ecco-jcc/jjw071
https://doi.org/10.1093/ecco-jcc/jjw071
https://doi.org/10.1097/00054725-200405000-00011
https://doi.org/10.1097/00054725-200405000-00011
https://doi.org/10.1097/00054725-200405000-00011
https://doi.org/10.1097/00054725-200405000-00011
https://doi.org/10.2147/IDR.S149784
https://doi.org/10.2147/IDR.S149784
https://doi.org/10.2147/IDR.S149784
https://doi.org/10.1002/jmv.1890380306
https://doi.org/10.1002/jmv.1890380306
https://doi.org/10.1002/jmv.1890380306
https://doi.org/10.1002/jmv.1890380306
https://doi.org/10.1086/317929
https://doi.org/10.1086/317929
https://doi.org/10.1086/317929
https://doi.org/10.1002/jmv.20626
https://doi.org/10.1002/jmv.20626
https://doi.org/10.1002/jmv.20626
https://doi.org/10.1002/(SICI)1096-9071(199811)56:3<186::AID-JMV2>3.0.CO;2-3
https://doi.org/10.1002/(SICI)1096-9071(199811)56:3<186::AID-JMV2>3.0.CO;2-3
https://doi.org/10.1002/(SICI)1096-9071(199811)56:3<186::AID-JMV2>3.0.CO;2-3
https://doi.org/10.1093/ibd/izy005
https://doi.org/10.1093/ibd/izy005
https://doi.org/10.1093/ibd/izy005
https://doi.org/10.1371/journal.pone.0184699
https://doi.org/10.1371/journal.pone.0184699
https://doi.org/10.1371/journal.pone.0184699
https://doi.org/10.1371/journal.pone.0184699
https://doi.org/10.1371/journal.pone.0003634
https://doi.org/10.1371/journal.pone.0003634
https://doi.org/10.1371/journal.pone.0003634
https://doi.org/10.1097/00006454-199803000-00006
https://doi.org/10.1097/00006454-199803000-00006
https://doi.org/10.1097/00006454-199803000-00006
https://doi.org/10.3748/wjg.v19.i1.17
https://doi.org/10.3748/wjg.v19.i1.17
https://doi.org/10.3748/wjg.v19.i1.17
https://doi.org/10.1097/00004836-199604000-00015
https://doi.org/10.1097/00004836-199604000-00015
https://doi.org/10.1016/j.crohns.2007.06.004
https://doi.org/10.1016/j.crohns.2007.06.004
https://doi.org/10.1016/j.crohns.2007.06.004
https://doi.org/10.1016/j.cgh.2006.09.019
https://doi.org/10.1016/j.cgh.2006.09.019
https://doi.org/10.1016/j.cgh.2006.09.019
https://doi.org/10.1111/j.1572-0241.2001.03808.x
https://doi.org/10.1111/j.1572-0241.2001.03808.x
https://doi.org/10.1111/j.1572-0241.2001.03808.x
https://doi.org/10.1111/j.1572-0241.2001.03808.x
https://doi.org/10.1111/j.1572-0241.2001.03808.x
https://doi.org/10.5217/ir.2018.16.1.90
https://doi.org/10.5217/ir.2018.16.1.90
https://doi.org/10.5217/ir.2018.16.1.90
https://doi.org/10.5812/jjm.17458
https://doi.org/10.5812/jjm.17458
https://doi.org/10.5812/jjm.17458
https://doi.org/10.1111/j.1572-0241.2006.00869.x
https://doi.org/10.1111/j.1572-0241.2006.00869.x
https://doi.org/10.1097/PAS.0b013e31827fcc33
https://doi.org/10.1097/PAS.0b013e31827fcc33
https://doi.org/10.1097/PAS.0b013e31827fcc33
https://doi.org/10.1097/PAS.0b013e31827fcc33
https://doi.org/10.1007/s00428-014-1543-4
https://doi.org/10.1007/s00428-014-1543-4
https://doi.org/10.1007/s00428-014-1543-4
https://doi.org/10.1007/s00428-015-1741-8
https://doi.org/10.1007/s00428-015-1741-8
https://doi.org/10.1007/s00428-015-1741-8
https://doi.org/10.1097/MIB.0000000000000556
https://doi.org/10.1097/MIB.0000000000000556
https://doi.org/10.1097/MIB.0000000000000556
https://doi.org/10.1038/modpathol.2017.149
https://doi.org/10.1038/modpathol.2017.149
https://doi.org/10.1038/modpathol.2017.149
https://doi.org/10.1111/ajt.12103
https://doi.org/10.1111/ajt.12103
https://doi.org/10.1097/TP.0b013e31829df29d
https://doi.org/10.1097/TP.0b013e31829df29d
https://doi.org/10.1097/TP.0b013e31829df29d
https://doi.org/10.1038/ajg.2011.386
https://doi.org/10.1038/ajg.2011.386
https://doi.org/10.1038/ajg.2011.386
https://doi.org/10.1097/MIB.0000000000000489
https://doi.org/10.1097/MIB.0000000000000489
https://doi.org/10.1097/MIB.0000000000000489
https://doi.org/10.1093/ecco-jcc/jjy173
https://doi.org/10.1093/ecco-jcc/jjy173
https://doi.org/10.1093/ecco-jcc/jjy173
https://doi.org/10.1093/ecco-jcc/jjy173
https://doi.org/10.1016/j.cgh.2014.09.042
https://doi.org/10.1016/j.cgh.2014.09.042
https://doi.org/10.1016/j.cgh.2014.09.042
https://doi.org/10.1007/s00384-018-3170-z
https://doi.org/10.1007/s00384-018-3170-z
https://doi.org/10.1007/s00384-018-3170-z
https://doi.org/10.1007/s00384-018-3170-z
https://doi.org/10.1016/0016-5085(92)90038-Z
https://doi.org/10.1016/0016-5085(92)90038-Z
https://doi.org/10.1016/0016-5085(92)90038-Z
https://doi.org/10.1097/00007890-199201000-00019
https://doi.org/10.1097/00007890-199201000-00019
https://doi.org/10.1097/00007890-199201000-00019
https://doi.org/10.1371/journal.pone.0183951
https://doi.org/10.1371/journal.pone.0183951
https://doi.org/10.1371/journal.pone.0183951
https://doi.org/10.1093/ibd/izy045
https://doi.org/10.1093/ibd/izy045
https://doi.org/10.1093/ibd/izy045
https://doi.org/10.1016/S0166-0934(99)00127-5
https://doi.org/10.1016/S0166-0934(99)00127-5
https://doi.org/10.1016/j.jcv.2014.10.009
https://doi.org/10.1016/j.jcv.2014.10.009
https://doi.org/10.1016/j.jcv.2014.10.009
https://doi.org/10.1007/s10620-010-1146-0
https://doi.org/10.1007/s10620-010-1146-0
https://doi.org/10.1007/s10620-010-1146-0
https://doi.org/10.1007/s10620-010-1146-0
https://doi.org/10.1016/j.crohns.2013.12.013
https://doi.org/10.1016/j.crohns.2013.12.013
https://doi.org/10.1016/j.crohns.2013.12.013
https://doi.org/10.1016/j.crohns.2013.12.013
https://doi.org/10.3748/wjg.v21.i44.12667
https://doi.org/10.3748/wjg.v21.i44.12667
https://doi.org/10.3748/wjg.v21.i44.12667
https://doi.org/10.1002/ibd.21401
https://doi.org/10.1002/ibd.21401
https://doi.org/10.1002/ibd.21401
https://doi.org/10.1002/ibd.21401
https://doi.org/10.3748/wjg.v20.i2.509
https://doi.org/10.3748/wjg.v20.i2.509
https://doi.org/10.3748/wjg.v20.i2.509
https://doi.org/10.1111/apt.13124
https://doi.org/10.1111/apt.13124

