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KEYWORDS Abstract Cytomegalovirus (CMV) colitis usually occurs in immunocompromised patients with
Clostridium difficile; human immunodeficiency virus infection, organ transplantation, and malignancy receiving
C. difficile infection; chemotherapy or ulcerative colitis receiving immunosuppressive agents. However, CMV colitis
colitis; is increasingly recognized in immunocompetent hosts. Notably, CMV colitis coexisting with
cytomegalovirus; Clostridium difficile infection (CDI) in apparently healthy individuals has been published in
immunocompetent recent years, which could result in high morbidity and mortality. CMV colitis is a rare but

possible differential diagnosis in immunocompetent patients with abdominal pain, watery,
or especially bloody diarrhea, which could be refractory to standard treatment for CDI. As a
characteristic of CDI, however, pseudomembranous colitis may be only caused by CMV infec-
tion. Real-time CMV-polymerase chain reaction (PCR) for blood and stool samples may be a
useful and noninvasive diagnostic strategy to identify CMV infection when treatment of CDI
eventually fails to show significant benefits. Quantitative CMV-PCR in mucosal biopsies may in-
crease the diagnostic yield of traditional histopathology. CMV colitis is potentially life-
threatening if severe complications occur, such as sepsis secondary to colitis, massive colo-
rectal bleeding, toxic megacolon, and colonic perforation, so that may necessitate pre-
emptive antiviral treatment for those who are positive for CMV-PCR in blood and/or stool sam-
ples while pending histological diagnosis.
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Background

Cytomegalovirus (CMV) is a highly prevalent and globally
distributed virus. CMV infection in healthy adults is usually
asymptomatic or causes a mildly infectious mononucleosis-
like syndrome. CMV then usually becomes dormant until
reactivation in patients with severely immunocompromised
status, who may potentially develop invasive CMV disease
with a wide range of manifestations, most commonly
colorectal infection with hemorrhagic ulceration. Two
coexistent entities—CMV colitis and Clostridium difficile
colitis—have usually been reported among immunocom-
promised patients, who have human immunodeficiency
virus infection, organ transplantation, hematologic malig-
nancy, solitary organ cancer, or inflammatory bowel disease
receiving immunosuppressive agents.'® For example,
Florescu et al® reviewed nine patients who developed C.
difficile and CMV colitis; among them, eight patients were
immunocompromised: four transplant recipients, two
oncology patients, one patient with advanced acquired
immunodeficiency syndrome, and one on an immunosup-
pressive regimen for severe ulcerative colitis. Besides, CMV
colitis can mimic or present as pseudomembranous colitis in
immunocompromised patients. '~

CMV gastrointestinal disease rarely occurs in immuno-
competent patients and could resolve completely without
the use of antiviral drugs, if the immunity is obtained."” In
addition, CMV colitis is increasingly recognized in appar-
ently immunocompetent patients in some immunomodu-
lating conditions, such as elderly, pregnancy, chronic renal
failure, coronary artery disease, ischemic heart disease,
congestive heart failure, diabetes mellitus, steroid use,
blood transfusion, and prolonged stay in the intensive care
units (ICUs)."> 28 However, CMV colitis in these patients has
often been neglected by clinical physicians.?® Therefore,
this review article will mainly focus on English literature of
CMYV colitis coexisting, following, or followed by C. difficile
colitis among previously healthy or apparently immuno-
competent adult patients. We will also review those cases
of CMV colitis presenting as a sole cause of pseudomem-
branous colitis without C. difficile infection (CDI).

Epidemiology of CMV colitis in
immunocompetent patients

One systemic review identified only 91 immunocompetent
patients with gastrointestinal CMV infections for the period
of 1950—2007.% Another literature review from 1980 to
2003 identified 44 immunocompetent patients with CMV
colitis. Among them, spontaneous remission occurred in
31.8%, mostly individuals <55 years old.”" In Korea, 51
immunocompetent patients with CMV colitis, including 11
ICU patients and 17.6% with spontaneous remission, were
diagnosed at a tertiary care university hospital between
January 1995 and February 2014.% In specific hospital ICU
units, CMV colitis was diagnosed in 14 previously immuno-
competent ICU patients at a teaching hospital in Brazil from
January 2000 to March 2013.?” While in Taiwan, with
intention to diagnosis, CMV colitis was detected in 18 ICU
patients at a teaching hospital from January 2011 through
June 2013.28 Among them, three patients had malignancy.

The biopsy-proven diagnosis was made for eight patients.
Other probable cases were diagnosed based on clinical
symptoms with detection of blood CMV DNA plus either
colonoscopic findings or detection of CMV DNA in stool
samples.”® Traditionally, CMV colitis was easily neglected
and underdiagnosed in ICU patients with chronic critical
illness, particularly with chronic renal failure.?*27-28

Epidemiology of C. difficile colitis

Diseases caused by C. difficile range from mild diarrhea to
potentially life-threatening pseudomembranous colitis.
CDIs occur primarily in hospitalized patients with risk fac-
tors such as concomitant or recent use of antibiotics.?’ The
colonization rate of C. difficile in adult hospitalized pa-
tients shows geographic variation, ranging from 4.4% to
23.2%.°° The hypervirulent C. difficile strains such as the
epidemic clone (027/NAP1/Bl) has partly contributed to
change the CDI epidemiology to worldwide dissemination. "
In particular, elderly patients in surgical wards and ICUs are
at significant risk of developing CDI.>? After 2006, a 47%
increase in the rate of CDI was noted in the USA.** In a
cohort of hospitalized older adults in Michigan, impaired
functional status was an independent risk factor for severe
CDI.** In one study in Korea between January 2007 and July
2012, 55% of colitis in elderly people in long-term care fa-
cilities was caused by CDI, whereas nonspecific colitis was
most common (63%) in elderly people in local commu-
nities.>> Diagnosis of CDI is based on the identification of C.
difficile toxins A and B in diarrheal stool. First-line antibi-
otics for CDI treatment are metronidazole and vancomy-
cin.*® Fidaxomicin, a macrolide antibiotic, has been shown
to be significantly effective in treating CDI compared with
vancomycin.?’ For recurrence and relapse of CDI, rifaximin
and tigecycline have yielded some positive outcomes
against C. difficile.®® Fecal microbiota transplant is an
alternative therapy for CDI that is effective and promising
in multiple CDI recurrences.*’

Coexisting CMV and C. difficile colitis

A history of cytomegalovirus infection has been recognized
as one of the significant risk factors for C. difficile coloni-
zation.%*® Adult patients colonized with toxigenic C.
difficile were prone to the subsequent development of C.
difficile-associated diarrhea.*° Critically ill patients and
elderly patients are at an increased risk of developing
diarrheal illness like CDI and CMV colitis. Literature of
coexisting CMV and C. difficile colitis have been reported in
immunocompetent patients, mostly in the years after 2010
(Table 1), implying that effective alerts are increasing to
current physicians. Presenting symptoms of both diseases
included fever, diarrhea, gastrointestinal bleeding, and
abdominal pain, with predominance of severe watery
diarrhea for CD, and bloody stool and occasional massive
bleeding for CMV colitis. Both may cause toxic megacolon
and bowel perforation, leading to a poor prognosis.”’
However, we propose that the clinical features of colitis
caused by both etiologies could vary with the following
scenarios (Table 1).
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Table 1  The clinical features of cytomegalovirus colitis coexisting, following, or mimicking Clostridium difficile colitis in the
immunocompetent patients.

Case Age/sex Diarrhea Diagnosis modality positive for Time lag  Therapy Qutcome Y of
cDI CMV colitis of 2 reference
diagnosis
CMV colitis coexisting CDI with refractory pseudomembranous colitis
1 78/F Bloody Stool toxin® Colon biopsy® Immunostain® >3 wk Me,V, Fi, Recovery 2012
S, G, TC

2 82/M  Bloody Stool toxin? Colon biopsy® Immunostain® 3 d Me, G, Vg  Recovery 2014
CMV-PCR(1)¢

3 53 Watery Stool toxin® CMV-IgMP = Me, V, R,  Recovery 2014*
Colon biopsy*© S, G

4  63/F  Watery Stool toxin® CMV-PCR(1)° >7d Me, V, S, G Recovery 2015%
Immunostain®

CMV colitis coexisting CDI with refractory nonpseudomembranous colitis

5 81/M Bloody Stool toxin® Colon biopsy® - Me, V, Recovery 2009*
CMV-PCR (1)¢ G

6 37/F  Watery Stool toxin® Colon biopsy® >2 wk Me, V, G, Fc Recovery 2013%
Antigenemia“

7 85/M  Watery Stool culture® Colon biopsy® immunostain® — Me, V, G Recovery 2014

8 60/F Bloody Stool culture? Immunostain® >10d Me, no Recovery 2015'°
CMV-igm*© antiviral

9 90/M  Bloody Stool toxin? Colon biopsy® Immunostain® 14 d M, G Recovery 2015

CMV colitis following successful therapy for CDI

10 83/F Some  Stool culture® Colon biopsy® — Vv, G Died® 1992

blood CMV-IgMm©

11 74/F  Bloody Stool toxin? CMV-PCR (1)° 3 wk Me, G Died”  2014%®
2" colonoscopy-immunostain®

CMV colitis as a cause of pseudomembranous colitis without CDI

12 63/M — Colonoscopy? and biopsy® CMV-PCR(1—3)° No time lag V, no Died® 2000

Immunostain? antiviral
13 29/M  Watery Colonoscopic finding® 2" colonoscopy with biopsy® Me, G Recovery 2011°°
14 69/M  Watery Colonoscopic finding® CMV-PCR(1-2)° 9d Me, V, G Died" 2014%%

Immunostain®

€ Postmortem examination revealed severe pneumonia and inflamed colitis but without CMV inclusion bodies.

f Ganciclovir was delayed to commence 3 weeks after CMV diagnosis but was discontinued due to worsening leukopenia, and thus
failed to give improvement.

¢ Postmortem examination revealed CMV myocarditis, pneumonitis, and colitis.

h patient had symptomatic improvement of CMV colitis but died due to other comorbidities.
CDI = Clostridium difficile infection; CMV = cytomegalovirus; colon biopsy = histopathological findings of colonic mucosa with he-
matoxylin and eosin stain; F = female; Fc = foscarnet; Fi = fidaxomicin; G = ganciclovir; IgM = immunoglobulin M;
immunostain = CMV immunohistochemical staining; M = male; Me = metronidazole; PCR = polymerase chain reaction for samples of
(1) = blood, (2) = stool, and (3) = mucosal biopsies; R = rifaximin; S = stool microbiota transplant; stool toxin = Clostridium difficile
toxin assay for stool sample; TC = total colectomy; V = vancomycin; Vg = valganciclovir.
2,b,¢,d Gequential order of positive diagnosis modalities.

case of toxic megacolon leading to respiratory failure,
which developed after therapy with metronidazole, van-
comycin, and fecal microbiota transplants for CDI-

CDI with refractory pseudomembranous colitis

CDI with pseudomembranous colitis unresponsive to

metronidazole and vancomycin therapy may need fecal
transplantation to overcome the severe colitis. However,
concomitant CMV colitis may partly contribute the re-
fractory course and necessity simultaneous ganciclovir
therapy to completely resolve the colitis.*” We previously
reported an 82-year-old man who had coexistent CMV and
CDl-associated pseudomembranous colitis (Figure 1).2
Moreover, Kurtz and Morgan®' reported an immunocompe-
tent elderly woman with CDI, which was unresponsive to
metronidazole, vancomycin, fidaxomicin, and stool trans-
plant due to concomitant CMV colitis. We also reported a

associated pseudomembranous colitis. An immunostaining
study was performed on the initial colon mucosal biopsy
and it confirmed concomitant CMV colitis with CDI.**

CDI with refractory colorectal ulcers or diffuse
colitis without pseudomembranes

Nonimmunosuppressed patients with prolonged ICU stay
due to chronic critical illness are at a high risk for both CDI
and CMV colitis. Of the two diagnoses, CMV is likely missed
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Figure 1.

Colonoscopic findings showing: (A) pseudomembranous colitis; (B) colon mucosal biopsy showing enlarged atypical

lymphocytes with eosinophilic inclusion bodies (arrow); and (C) positive for cytomegalovirus immunostaining (arrow). The results of
blood cytomegalovirus-polymerase chain reaction and stool Clostridium toxin assay were both positive.

more often because a biopsy or immunostaining is required
to confirm the diagnosis, while CDI can be diagnosed based
on noninvasive fecal C. difficile toxin assay.® Many clini-
cians would only treat CDI for a patient with severe diar-
rhea and positive C. difficile toxin in the stool.

Concomitant CDI and CMV colitis may sometimes mani-
fest with diffuse colitis without pseudomembranes, which
was refractory to first-line antibiotics for CDI
treatment.'>*~* For example, Harano et al'® reported a
60-year-old immunocompetent woman who presented with
abdominal pain and bloody diarrhea due to colorectal
erosion and ulceration with positive stool isolate of C.
difficile. Administration of metronidazole did not improve
her symptoms. Endoscopic biopsy with immunostaining
revealed CMV colitis. Hung et al*® reported CMV colitis with
the presentation of watery diarrhea and stool culture pos-
itive for C. difficile, but diarrhea persisted despite oral
metronidazole and vancomycin therapy. Chen et al*’ pre-
sented a 90-year-old, critically ill, immunocompetent pa-
tient, who had multiple refractory C. difficile-infected
ulcers in the sigmoid colon and biopsy confirmed CMV co-
litis. This scenario was similar to a patient of lower lip
squamous cell carcinoma who had diffuse pancolitis unre-
sponsive to metronidazole, vancomycin enemas, and later
fidaxomicin, even though his stool C. difficile toxin became
negative conversion. At this point, the CMV polymerase
chain reaction (PCR) in his stool and blood were positive,
and pre-emptive therapy with valganciclovir resulted in
rapid clinical response and uneventful recovery.’

CMV colitis following successful therapy for CDI

Persistent diarrhea or relapse of intestinal symptoms after
appropriate antimicrobial therapy for CDI may not neces-
sarily indicate ineffective therapy for refractory course of
CDI. Jawad® reported a patient with diarrhea and her stool
culture was positive for C. difficile. Oral vancomycin
rendered her stool negative but some bloody diarrhea
occurred due to sequential CMV colitis. We previously re-
ported a patient who had a therapeutic response to initial
C. difficile—associated pseudomembranous colitis but the
symptoms relapsed 3 weeks later due to the emergence of
CMV-associated colon ulceration.?® This scenario might be
related to the reactivation of latent CMV infection in

conditions of immunomodulation caused by pseudomem-
branous colitis.

CDI following successful therapy for CMV colitis

This rare scenario was reported in an elderly patient with
adult T-cell leukemia lymphoma, who developed CMV co-
litis on Day 5 of chemotherapy. After 2 weeks of successful
ganciclovir therapy, the patient developed diarrhea again
with CDl-associated pseudomembranous colitis instead of
CMV colitis. At that time, CMV antigenemia and a histologic
study for CMV were negative.”

CMV colitis as a cause of pseudomembranous colitis
without CDI

In addition to manifesting with solitary ulcer, multiple ul-
cers, diffuse colitis, and polypoid lesions, occasionally CMV
colitis may present with pseudomembranes, leading to a
misdiagnosis as CDI-associated pseudomembranous coli-
tis.?®>2 This scenario should be considered particularly
when C. difficile toxin assays or cultures are negative,*”>°
We previously described a patient who had CMV-associated
pseudomembranous colitis (Figure 2), as the result of the
Clostridium toxin assay was negative and the patient
experienced a poor response to oral metronidazole
therapy.?®

Current diagnosis and treatment of CMV colitis

Historically, the diagnostic gold standard for CMV colitis is
the direct histopathological identification of the Cowdry
owl eye inclusion bodies in colonic biopsies or the use of
immunohistochemistry (IHC) staining. Although CMV anti-
genemia and blood CMV-PCR showed low sensitivity (<50%)
for diagnosing CMV colitis, the specificity values were high
(>80%).>* In the presence of significant colon ulcers, how-
ever, the sensitivity of CMV antigenemia or PCR for diag-
nosing CMV colitis rose to 67.3%.%° Real time PCR for CMV
DNA quantification in the blood and stool as well as in the
colonic biopsy is currently considered as a useful diagnostic
tool.”* The accuracy of these diagnostic modalities
compared with the diagnostic gold standard are summa-
rized in Table 2.
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Figure 2.

Colonoscopic finding is showing colitis with pseudomembranes. The cytomegalovirus-polymerase chain reaction for

blood and stool were positive. The stool Clostridium toxin assay was negative. The histopathological findings were consistent with
pseudomembranous colitis but immunostains confirmed cytomegalovirus colitis (not shown).

CMV-PCR in colonic mucosal biopsies
Yoshino et al®® reported that quantitative real-time PCR
(qPCR) for detecting CMV infection in inflamed colonic
mucosa is useful for accurate diagnosis of CMV infection.
Mills et al® reported that CMV DNA was detected by PCR in
90.9% (30/33) of IHC-positive and 14.5% (8/55) of IHC-
negative mucosal biopsies, respectively. Their study indi-
cated that CMV-PCR in gastrointestinal mucosal biopsies
complements IHC and has the potential to identify addi-
tional patients who may benefit from anti-CMV therapy.
McCoy et al®’ further reported that qPCR is highly sensitive
and specific to aid in the early diagnosis of CMV infection on
equivocal gastrointestinal biopsies. The mean value of CMV
DNA load in gastrointestinal biopsies was 3845 copies/ug
total DNA (range, 15—15,500 copies/ug total DNA). How-
ever, the cutoff values for diagnosis of CMV colitis were not
determined.®’

It should be highlighted that negative histopathological
findings of small colonic mucosal biopsies could not defini-
tively exclude the diagnosis of CMV colitis. Theoretically,
multiple biopsy specimens from longitudinal ulcers or

diffuse colitis combined with gPCR in mucosal biopsies
could increase the diagnostic yield of CMV colitis, especially
in those patients known for positive CMV-PCR for blood
and/or stool samples.

CMV real-time PCR for blood samples

Quantification of plasma CMV DNA by real-time PCR is a
noninvasive method of aiding diagnosis and can be used to
monitor the treatment of CMV infection in immunocompe-
tent patients.’®®? Concordance between plasma real-time
PCR and the pp65 antigenemia assay was 82.2%.%* Howev-
er, plasma real-time PCR is more sensitive than the anti-
genemia assay for monitoring active CMV infection.®* %
However, blood CMV-PCR stands for CMV reactivation, and
further direct evidences of CMV colitis by other diagnostic
tools are required.

CMYV real-time PCR for fecal samples

Michel et al®® first adopted CMV-PCR for stool specimens as
a diagnostic tool for patients with suspected CMV colitis.

Table 2 The diagnostic test evaluation of new diagnostic modalities for cytomegalovirus colitis or digestive tract infections.

CMV diagnostic modalities Gold standard Sensitivity, %  Specificity, % Positive Negative
predictive value, % predictive value, %

Antigenemia in UC patients®* Histopathology 47.0 81.7 59.1 73.0

PCR for blood in UC patients®®  Histopathology 44.3 87.9 67.3 73.6

Real-time (gPCR) in colon Histopathology 100 50.0 23.5 100
mucosal biopsies”

Real-time (gPCR) in digestive Histopathology 90.9 85.5 79.0 94.0
mucosal biopsies®®

Real-time (gPCR) in digestive Histopathology 96.7 98.7 98.9 96.3
mucosal biopsies®”

PCR for stool®® Histopathology 100 94.1 80.0 100

PCR for stool* PCR in colon 83.3 93.3 83.3 93.3

mucosal biopsies
Real-time (qPCR) for stool®° Histopathology 66.7 95.7 80.0 91.8

CMV = cytomegalovirus; gPCR = quantitative polymerase chain reaction; UC = ulcerative colitis.
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They concluded that the absence of CMV DNA in stool
samples may prove useful in ruling out CMV-related colitis.
Thereafter, Boom et al®® quantified CMV DNA loads in
clinical fecal specimens to monitor the efficacy of antiviral
treatment. In a small pilot study, the sensitivity, specificity,
and accuracy of the PCR-based stool test for detection of
CMV DNA compared with PCR-based detection of CMV in
mucosal biopsies were 83%, 93%, and 90%, respectively.’”
We also found qualitative CMV-PCR for stool samples help-
ful in aiding the diagnosis of CMV colitis.?® In a recent study
from Germany, quantitative CMV real-time PCR in fecal
samples was positive in eight out of 12 patients of CMV
intestinal disease (sensitivity, 67%), and was negative in the
non-CMV group (45/47), indicating a good specificity of
96%.° Therefore, negative CMV PCR results from fecal
samples cannot exclude CMV intestinal disease, whereas
positive fecal PCR results could facilitate an earlier
detection of ongoing CMV infections and might help to
circumvent invasive biopsy via endoscopy. Otherwise, fecal
PCR may guide a pre-emptive therapy for life-threatening
conditions, such as massive colonic bleeding, when a
conclusive histopathological proof of CMV infection is not
yet available.”®

Strategy for diagnosis and controversy in treatment
of CMV colitis

The development of abdominal pain, fever, watery diar-
rhea, and bleeding stool in a critically ill patient should
prompt the clinician to consider the diagnosis of CMV and
CDl-associated colitis. Diagnostic strategy could be
designed as follows.

If standard stool pathogens and C. difficile toxin studies
are nondiagnostic, endoscopic evaluation and CMV-PCR for
blood and stool samples should be obtained. Quantitative
CMV-PCR in mucosal biopsies seems to be a useful tool for
diagnosis when combined with blood/stool PCR and
endoscopic findings. In another way, if the results of stool
C. difficile toxin assay are positive, the possibility of
coexistent or sequential CMV colitis should not be
neglected. For those patients with a diagnosis of Clos-
tridium colitis but who are unresponsive or partially
responsive to therapy with metronidazole and/or vanco-
mycin, and especially if CMV-PCR for blood and/or stool
samples was positive, then re-evaluation of the initial
colon mucosal biopsies using qPCR for CMV would be
helpful.

It is possible that complete resolution of colonic ul-
ceration could be spontaneously achieved without use of
antiviral drugs in some immunocompromised or immuno-
competent patients with CMV colitis.'®>2"2* However, if
CMV infection is confirmed, ganciclovir therapy should be
initiated without delay in critically ill patients to avoid
severe complications of colorectal massive bleeding and
perforation. Most of the reported cases of CMV colitis
coexisting or following CDI as well as presenting as
pseudomembranous colitis had good clinical outcomes
under appropriate medical therapy (Table 1). If bowel
perforation occurs, prompt surgical resection is
indicated.®®

Conclusion

Currently, CMV colitis is increasingly recognized in immu-
nocompetent patients, manifesting with symptoms similar
to or consistent with CDl-associated pseudomembranous
colitis. CMV colitis most commonly presents with bloody
stool in chronic status of critically ill patients with immu-
nomodulating comorbidities, whereas C. difficile may pro-
duce severe watery diarrhea in those exposed to broad
spectrum antibiotics. Coexisting CMV in the apparently CDI-
associated colitis could correspond to intractable colo-
rectal symptoms. If CMV-PCR for blood and stool samples
were positive, endoscopic biopsy with immunostaining of
mucosal specimens is a definitive procedure for diagnosing
CMV colitis, even in a case of pseudomembranous colitis or
a case positive for fecal C. difficile toxin assay. In cases of
coexisting CMV and C. difficile colitis, ganciclovir therapy
for CMV colitis in time may circumvent the unnecessary
second-line therapeutic method or fecal transplantation for
CDI, supposing that persistent diarrhea was not due to
treatment failure for C. difficile.

Conflicts of interest

All contributing authors declare no financial interests
related to the material in the manuscript.

Ethical consent

The figures cited in the current review were approved by
the institutional review board of Chi Mei Medical Center,
Tainan, Taiwan (no. 10207-005).

Acknowledgments

This work had no financial and material support.

References

1. [No authors listed]. Case records of the Massachusetts General
Hospital. Weekly clinicopathological exercises. Case 17-1996. A
48-year-old man with the acquired immunodeficiency syn-
drome, abdominal pain, and bloody diarrhea. N Engl J Med
1996;334:1461—7.

2. OshimaY, Nishida K, Kawazoye S, Noda T, Arima F, Miyahara M,
et al. Successful treatment of cytomegalovirus colitis with
ganciclovir in a patient with adult T cell leukemia lymphoma:
case report. J Chemother 1999;11:215-9.

3. Kottaridis PD, Peggs K, Devereux S, Goldstone AH, Mackinnon S.
Simultaneous occurrence of Clostridium difficile and cyto-
megalovirus colitis in a recipient of autologous stem cell
transplantation. Haematologica 2000;85:1116—7.

4. Riva G, Luppi M, Potenza L, Morselli M, Ferrari A, Saviola A,
et al. Cytomegalovirus and Clostridium difficile co-infection in
severe ulcero-hemorrhagic colitis during induction chemo-
therapy for acute lymphoblastic leukemia. Haematologica
2005;90:ECRO1.

5. Veroux M, Puzzo L, Corona D, Buffone A, Tallarita T,
Murabito P, et al. Cytomegalovirus and Clostridium difficile
ischemic colitis in a renal transplant recipient: a lethal


http://refhub.elsevier.com/S1684-1182(16)00008-6/sref1
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref1
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref1
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref1
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref1
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref1
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref2
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref2
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref2
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref2
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref2
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref3
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref3
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref3
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref3
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref3
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref4
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref4
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref4
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref4
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref4
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref5
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref5
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref5

Cytomegalovirus and Clostridium difficile colitis

835

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

complication of anti-rejection therapy? Urol Int 2007;79:
177-9.

. Bonatti H, Brandacher G, Margreiter R, Schneeberger S. In-

fectious complications in three double hand recipients: expe-
rience from a single center. Transplant Proc 2009;41:517—20.

. Dahman M, Krell R, Brayman K, Sawyer RG, Cathro HP,

Hagspiel KD, et al. Simultaneous Clostridium difficile-associ-
ated colitis and late-onset intestinal cytomegalovirus disease
in a renal transplant recipient. Ann Transplant 2010;15:72—6.

. Florescu DF, Mindru C, Chambers HE, Kalil AC. Clostridium

difficile and cytomegalovirus colitis co-infection: search for
the hidden ’bug’. Transpl Infect Dis 2011;13:411-5.

. John SG, Dominguez C, Chandiramani V, Vemulappalli T. A rare

case intractable diarrhea secondary to Clostridium difficile
and cytomegalovirus coinfection. Am J Case Rep 2013;14:
498-501.

Gertler SL, Pressman J, Price P, Brozinsky S, Miyai K. Gastro-
intestinal cytomegalovirus infection in a homosexual man with
severe acquired immunodeficiency syndrome. Gastroenter-
ology 1983;85:1403—6.

Franco J, Massey BT, Komorowski R. Cytomegalovirus infection
causing pseudomembranous colitis. Am J Gastroenterol 1994;
89:2246-8.

Beaugerie L, Ng6 Y, Goujard F, Gharakhanian S, Carbonnel F,
Luboinski J, et al. Etiology and management of toxic mega-
colon in patients with human immunodeficiency virus infec-
tion. Gastroenterology 1994;107:858—63.

Olofinlade O, Chiang C. Cytomegalovirus infection as a cause of
pseudomembrane colitis: a report of four cases. J Clin Gas-
troenterol 2001;32:82—4.

Pancharoen C, Likitnukul S, Chongsrisawat V, Vivatvekin B,
Bhattarakosol P, Suwangool P, et al. Rectal prolapse associated
with cytomegalovirus pseudomembranous colitis in a child
infected by human immunodeficiency virus. Southeast Asian J
Trop Med Public Health 2003;34:583—4.

Harano Y, Kotajima L, Arioka H. Case of cytomegalovirus colitis
in an immunocompetent patient: a rare cause of abdominal
pain and diarrhea in the elderly. Int J Gen Med 2015;8:97—100.
Bennett MR, Fine AP, Hanlon JT. Cytomegalovirus hemorrhagic
colitis in a nontransplant patient. Postgrad Med 1985;77:
227-9. 232.

Esforzado N, Poch E, Almirall J, Bombi JA, Lopez-Pedret J,
Revert L. Cytomegalovirus colitis in chronic renal failure. Clin
Nephrol 1993;39:275—8.

Rankin A, Cuthill K, Subesinghe M, Goldsmith D. Life-threat-
ening rectal bleeding due to cytomegalovirus colitis in a he-
modialysis patient. NDT Plus 2009;2:239—41.

Chen YM, Hung YP, Huang CF, Lee NY, Chen CY, Sung JM, et al.
Cytomegalovirus disease in nonimmunocompromised, human
immunodeficiency virus-negative adults with chronic kidney
disease. J Microbiol Immunol Infect 2014;47:345—9.

Farah Musa AR, Fiilop T, Kokko K, Kanyicska B, Lewin JR.
Csongradi E. Cytomegalovirus colitis in a critically ill, dialysis-
dependent, acute kidney injury patient without immunosup-
pressive therapy. Clin Nephrol 2015;84:44—-9.

Galiatsatos P, Shrier |, Lamoureux E, Szilagyi A. Meta-analysis
of outcome of cytomegalovirus colitis in immunocompetent
hosts. Dig Dis Sci 2005;50:609—16.

June L, Chin N, Chatterjee D. Cytomegalovirus colitis pre-
senting as massive lower gastrointestinal bleeding in an
immunocompetent patient. Indian J Surg 2008;70:28—-31.

Ko JH, Peck KR, Lee WJ, Lee JY, Cho SY, Ha YE, et al. Clinical
presentation and risk factors for cytomegalovirus colitis in
immunocompetent adult patients. Clin Infect Dis 2015;60:
e20—6.

Lancini D, Faddy HM, Flower R, Hogan C. Cytomegalovirus
disease in immunocompetent adults. Med J Aust 2014;201:
578—-80.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1.

42.

43.

45.

Rafailidis PI, Mourtzoukou EG, Varbobitis IC, Falagas ME. Se-
vere cytomegalovirus infection in apparently immunocompe-
tent patients: a systematic review. Virol J 2008;5:47.

Seo TH, Kim JH, Ko SY, Hong SN, Lee SY, Sung IK, et al. Cyto-
megalovirus colitis in immunocompetent patients: a clinical and
endoscopic study. Hepatogastroenterology 2012;59:2137—41.
Siciliano RF, Castelli JB, Randi BA, Vieira RD, Strabelli TM.
Cytomegalovirus colitis in immunocompetent critically ill pa-
tients. Int J Infect Dis 2014;20:71—-3.

Chan KS, Yang CC, Chen CM, Yang HH, Lee CC, Chuang YC,
et al. Cytomegalovirus colitis in intensive care unit patients:
difficulties in clinical diagnosis. J Crit Care 2014;29. 474.e1—6.
Le Monnier A, Zahar JR, Barbut F. Update on Clostridium
difficile infections. Med Mal Infect 2014;44:354—65.

Hung YP, Lee JC, Lin HJ, Liu HC, Wu YH, Tsai PJ, et al. Clinical
impact of Clostridium difficile colonization. J Microbiol
Immunol Infect 2015;48:241—8.

Gerding DN, Lessa FC. The epidemiology of Clostridium diffi-
cile infection inside and outside health care institutions. Infect
Dis Clin North Am 2015;29:37—-50.

Kazanowski M, Smolarek S, Kinnarney F, Grzebieniak Z. Clos-
tridium difficile: epidemiology, diagnostic and therapeutic
possibilities-a systematic review. Tech Coloproctol 2014;18:
223-32.

Halabi WJ, Nguyen VQ, Carmichael JC, Pigazzi A, Stamos MJ,
Mills S. Clostridium difficile colitis in the United States: a
decade of trends, outcomes, risk factors for colectomy, and
mortality after colectomy. J Am Coll Surg 2013;217:802—12.
Rao K, Micic D, Chenoweth E, Deng L, Galecki AT, Ring C, et al.
Poor functional status as a risk factor for severe Clostridium
difficile infection in hospitalized older adults. J Am Geriatr Soc
2013;61:1738—42.

Yoon SY, Jung SA, Na SK, Ryu JI, Yun HW, Lee MJ, et al. What’s
the clinical features of colitis in elderly people in long-term
care facilities. Intest Res 2015;13:128—34.

Ghose C. Clostridium difficile infection in the twenty-first
century. Emerg Microbes Infect 2013;2:e62.

Louie TJ, Miller MA, Mullane KM, Weiss K, Lentnek A, Golan Y,
et al. OPT-80-003 Clinical Study Group: Fidaxomicin versus
vancomycin for Clostridium difficile infection. N Engl J Med
2011;364:422—-31.

Mathur H, Rea MC, Cotter PD, Ross RP, Hill C. The potential for
emerging therapeutic options for Clostridium difficile infec-
tion. Gut Microbes 2014;5:696—710.

Lofland D, Josephat F, Partin S. Fecal transplant for recurrent
Clostridium difficile infection. Clin Lab Sci 2013;26:131-5.
Hutin Y, Casin |, Lesprit P, Welker Y, Decazes JM, Lagrange P,
et al. Prevalence of and risk factors for Clostridium difficile
colonization at admission to an infectious diseases ward. Clin
Infect Dis 1997;24:920—4.

Kurtz M, Morgan M. Concomitant Clostridium difficile colitis
and cytomegalovirus colitis in an immunocompetent elderly
female. BMJ Case Rep 2012;2012. http:
//dx.doi.org/10.1136/bcr-2012-007273.

Dumitru IM, Dumitru E, Resul G, Curtali L, Paris S, Rugina S.
Concomitant CMV and Clostridium difficile colitis in an
immunocompetent patient treated with ganciclovir and fecal
transplantation. J Gastrointestin Liver Dis 2014;23:221—2.
Chao HC, Yu WL. Treatment failure of fecal microbiota trans-
plant for pseudomembranous colitis due to coexistent cyto-
megalovirus colitis. J Microbiol Immunol Infect 2016;49:
617-8.

. Alkhatib AA, Tietze CC, Peterson KA, Go MF. Cytomegalovirus

clostridium colitis disease in an immunocompetent patient.
South Med J 2009;102:775—6.

Antonio AC, Maccari JG, Seabra A, Tonietto TF. Clostridium
difficile and cytomegalovirus colitis coinfection after bariatric
surgery: case report. Arq Bras Cir Dig 2013;26:585—7.


http://refhub.elsevier.com/S1684-1182(16)00008-6/sref5
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref5
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref5
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref6
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref6
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref6
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref6
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref7
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref7
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref7
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref7
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref7
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref8
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref8
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref8
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref8
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref9
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref9
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref9
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref9
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref9
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref10
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref10
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref10
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref10
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref10
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref11
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref11
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref11
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref11
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref12
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref12
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref12
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref12
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref12
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref13
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref13
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref13
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref13
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref14
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref14
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref14
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref14
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref14
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref14
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref15
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref15
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref15
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref15
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref16
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref16
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref16
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref16
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref17
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref17
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref17
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref17
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref18
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref18
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref18
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref18
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref19
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref19
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref19
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref19
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref19
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref20
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref20
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref20
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref20
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref20
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref21
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref21
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref21
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref21
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref22
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref22
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref22
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref22
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref23
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref23
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref23
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref23
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref23
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref24
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref24
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref24
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref24
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref25
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref25
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref25
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref26
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref26
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref26
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref26
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref27
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref27
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref27
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref27
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref28
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref28
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref28
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref28
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref29
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref29
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref29
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref30
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref30
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref30
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref30
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref31
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref31
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref31
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref31
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref32
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref32
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref32
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref32
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref32
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref33
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref33
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref33
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref33
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref33
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref34
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref34
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref34
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref34
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref34
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref35
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref35
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref35
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref35
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref36
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref36
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref37
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref37
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref37
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref37
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref37
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref38
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref38
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref38
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref38
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref39
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref39
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref39
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref40
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref40
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref40
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref40
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref40
http://dx.doi.org/10.1136/bcr-2012-007273
http://dx.doi.org/10.1136/bcr-2012-007273
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref42
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref42
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref42
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref42
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref42
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref43
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref43
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref43
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref43
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref43
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref44
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref44
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref44
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref44
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref45
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref45
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref45
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref45

836

K.-S. Chan et al.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Hung YP, Lin HJ, Wu CJ, Chen PL, Lee JC, Liu HC, et al. Van-
comycin-resistant Clostridium innocuum bacteremia following
oral vancomycin for Clostridium difficile infection. Anaerobe
2014;30:24—6.

Chen PH, Lu IT, Lee BJ, Wang CY, Lee CK. Age can be a prob-
lem: Clostridium difficile and Cytomegalovirus colitis coin-
fection in an immunocompetent 90-year-old patient. Int J
Gerontol 2015;9:130—2.

Jawad SH. Cytomegalovirus colitis in an elderly patient. Post-
grad Med J 1992;68:484.

Heininger A, Vogel U, Aepinus C, Hamprecht K. Disseminated
fatal human cytomegalovirus disease after severe trauma. Crit
Care Med 2000;28:563—6.

Momin N, Telisinghe PU, Chong VH. Cytomegalovirus colitis in
immunocompetent patients. Singapore Med J 2011;52:
e170-2.

Autenrieth DM, Baumgart DC. Toxic megacolon. Inflamm Bowel
Dis 2012;18:584—91.

Battaglino MP, Rockey DC. Cytomegalovirus colitis presenting
with the endoscopic appearance of pseudomembranous colitis.
Gastrointest Endosc 1999;50:697—700.

Kim JW, Boo SJ, Ye BD, Kim CL, Yang SK, Kim J, et al. Clinical
utility of cytomegalovirus antigenemia assay and blood cyto-
megalovirus DNA PCR for cytomegaloviral colitis patients with
moderate to severe ulcerative colitis. J Crohns Colitis 2014;8:
693-701.

Banerjee D, Deb R, Dar L, Mirdha BR, Pati SK, Thareja S, et al.
High frequency of parasitic and viral stool pathogens in pa-
tients with active ulcerative colitis: report from a tropical
country. Scand J Gastroenterol 2009;44:325—31.

Yoshino T, Nakase H, Ueno S, Uza N, Inoue S, Mikami S, et al.
Usefulness of quantitative real-time PCR assay for early
detection of cytomegalovirus infection in patients with ulcer-
ative colitis refractory to immunosuppressive therapies.
Inflamm Bowel Dis 2007;13:1516—21.

Mills AM, Guo FP, Copland AP, Pai RK, Pinsky BA. A comparison
of CMV detection in gastrointestinal mucosal biopsies using
immunohistochemistry and PCR performed on formalin-fixed,
paraffin-embedded tissue. Am J Surg Pathol 2013;37:
995—1000.

McCoy MH, Post K, Sen JD, Chang HY, Zhao Z, Fan R, et al. gPCR
increases sensitivity to detect cytomegalovirus in formalin-

58.

59.

60.

61.

62.

63.

64.

65.

66.

fixed, paraffin-embedded tissue of gastrointestinal biopsies.
Hum Pathol 2014;45:48—53.

Michel D, Marre E, Hampl W, Roczkos J, Miiller S,
Hertenstein B, et al. Intestinal cytomegalovirus disease in
immunocompromised patients may be ruled out by search for
cytomegalovirus DNA in stool samples. J Clin Microbiol 1995;
33:3064—7.

Herfarth HH, Long MD, Rubinas TC, Sandridge M, Miller MB.
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—8.
Ganzenmueller T, Kluba J, Becker JU, Bachmann O, Heim A.
Detection of cytomegalovirus (CMV) by real-time PCR in fecal
samples for the non-invasive diagnosis of CMV intestinal dis-
ease. J Clin Virol 2014;61:517—22.

Bernard S, Germi R, Lupo J, Laverriére MH, Masse V, Morand P,
et al. Symptomatic cytomegalovirus gastrointestinal infection
with positive quantitative real time PCR in apparently immu-
nocompetent patients: a case series. Clin Microbiol Infect
2015;21. 1121.e1-7.

Helgason KO, Raby SJ, Kamel HM, Laurenson IE, Templeton K,
Walsh TS. Cytomegalovirus colitis in a critically ill patient
following elective repair of an abdominal aortic aneurysm.
Anaesth Intensive Care 2008;36:107—9.

Gimeno C, Solano C, Latorre JC, Hernandez-Boluda JC,
Clari MA, Remigia MJ, et al. Quantification of DNA in plasma by
an automated real-time PCR assay (cytomegalovirus PCR kit)
for surveillance of active cytomegalovirus infection and guid-
ance of preemptive therapy for allogeneic hematopoietic stem
cell transplant recipients. J Clin Microbiol 2008;46:3311—8.
Yakushiji K, Gondo H, Kamezaki K, Shigematsu K, Hayashi S,
Kuroiwa M, et al. Monitoring of cytomegalovirus reactivation
after allogeneic stem cell transplantation: comparison of an
antigenemia assay and quantitative real-time polymerase
chain reaction. Bone Marrow Transplant 2002;29:599—606.
Boom R, Sol C, Weel J, Lettinga K, Gerrits Y, van Breda A, et al.
Detection and quantitation of human cytomegalovirus DNA in
feces. J Virol Methods 2000;84:1—14.

Chamberlain RS, Atkins S, Saini N, White JC. Ileal perforation
caused by cytomegalovirus infection in a critically ill adult. J
Clin Gastroenterol 2000;30:432—5.


http://refhub.elsevier.com/S1684-1182(16)00008-6/sref46
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref46
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref46
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref46
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref46
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref47
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref47
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref47
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref47
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref47
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref48
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref48
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref49
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref49
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref49
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref49
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref50
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref50
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref50
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref50
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref51
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref51
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref51
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref52
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref52
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref52
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref52
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref53
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref53
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref53
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref53
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref53
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref53
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref54
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref54
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref54
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref54
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref54
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref55
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref55
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref55
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref55
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref55
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref55
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref56
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref56
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref56
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref56
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref56
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref56
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref57
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref57
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref57
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref57
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref57
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref58
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref58
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref58
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref58
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref58
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref58
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref59
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref59
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref59
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref59
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref59
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref60
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref60
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref60
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref60
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref60
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref61
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref61
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref61
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref61
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref61
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref61
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref62
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref62
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref62
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref62
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref62
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref63
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref63
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref63
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref63
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref63
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref63
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref63
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref64
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref64
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref64
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref64
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref64
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref64
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref65
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref65
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref65
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref65
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref66
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref66
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref66
http://refhub.elsevier.com/S1684-1182(16)00008-6/sref66

	Coexisting cytomegalovirus infection in immunocompetent patients with Clostridium difficile colitis
	Background
	Epidemiology of CMV colitis in immunocompetent patients
	Epidemiology of C. difficile colitis
	Coexisting CMV and C. difficile colitis
	CDI with refractory pseudomembranous colitis
	CDI with refractory colorectal ulcers or diffuse colitis without pseudomembranes
	CMV colitis following successful therapy for CDI
	CDI following successful therapy for CMV colitis
	CMV colitis as a cause of pseudomembranous colitis without CDI

	Current diagnosis and treatment of CMV colitis
	CMV-PCR in colonic mucosal biopsies
	CMV real-time PCR for blood samples
	CMV real-time PCR for fecal samples
	Strategy for diagnosis and controversy in treatment of CMV colitis

	Conclusion
	Conflicts of interest
	Ethical consent
	Acknowledgments
	References


