
(HCMV) infection in resistance to medical treatment for 
UC.1-3 Many studies have reported the prevalence of HCMV 
infection in patients with IBD. The prevalence of CMV infec-
tion in UC patients with severe colitis and steroid-refractory 
colitis has been reported as 21−38%4-8 and 32−36%,7,9,10 re-
spectively. The HCMV infection rates in patients with severe 
UC and patients with steroid-dependent UC are higher than 
those in patients with active Crohn’s disease.11,12 HCMV infec-
tion causes significant clinical morbidity in patients with UC. 
In this regard, the establishment of an appropriate diagnosis 
and treatment for HCMV infection in UC is a critical issue 
for gastroenterologists. This article highlights diagnostic and 
therapeutic strategies for HCMV infection in UC, and pro-
vides new insights into the mechanism of HCMV reactiva-
tion.
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FOCUSED REVIEW: INFECTION AND IBD

INTRODUCTION

Corticosteroids and immunosuppressive agents have been 
used to treat patients with refractory UC. Much attention has 
been paid to the involvement of human cytomegalovirus 

Human cytomegalovirus (HCMV) is a member of the herpesvirus family. HCMV infection persists throughout the host lifespan 
in a latent state following primary infection. The ability of HCMV to escape control by the host immune system and its result-
ing reactivation suggests the importance of ongoing immune surveillance in the prevention of HCMV reactivation. HCMV is a 
common cause of opportunistic infection that causes severe and fatal disease in immune-compromised individuals. In inflam-
matory bowel disease patients, particularly those with ulcerative colitis (UC), HCMV is often reactivated because these patients 
are frequently treated with immunosuppressive agents. This reactivation exacerbates colitis. Additionally, HCMV infection can 
induce severe colitis, even in patients with UC who have never been treated with immunosuppressive agents. However, the role 
of HCMV in colonic inflammation in patients with UC remains unclear. Here, we present previous and current clinical data on 
the diagnosis and treatment of HCMV infection in UC. Additionally, our experimental data from a newly established mouse 
model mimicking UC with concomitant CMV infection clearly demonstrate that inflammation could result in the exacerbation 
of UC disease activity with induction of HCMV reactivation. In summary, optimal control of colonic inflammation should be 
achieved in UC patients who are refractory to conventional immunosuppressive therapies and are positive for HCMV. (Intest 
Res 2014;12:5-11)
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HUMAN CYTOMEGALOVIRUS

HCMV is a β-herpesvirus and has a 235 kbp genome.13-15 
HCMV is a host species-specific pathogen that causes lifelong 
persistent infections. Under conditions of reduced immune 
responses, HCMV can cause acute systemic infections with 
replication in virtually any organ. Fibroblasts, epithelial cells, 
smooth muscle cells, macrophages, and endothelial cells 
were found to be the predominant targets of HCMV infection 
in the lung, gastrointestinal, and placental tissues.16-18

The myeloid lineage is an important site in vivo for the per-
sistence of latent HCMV genomes. The strong link between 
the reactivation of latent virus and the differentiation state 
of cells in the myeloid lineage appears to be important in 
HCMV biology. The ex vivo differentiation of CD34-positive 
or CD14-positive cells to the specific lineage of myeloid den-
dritic cells (DCs) results in the reactivation of HCMV gene 
expression.19-21

Several reports have suggested that macrophages and, sub-
sequently, DCs, are fully permissive for infection, but mono-
cytes are not. In addition, it was reported that proinflamma-
tory cytokines including tumor necrosis factor (TNF)-α and 
granulocyte macrophage-colony stimulating factor could 
induce HCMV-harboring monocytes to differentiate into 
macrophages.22-24 These data strongly suggest that HCMV-
harboring macrophages and DCs migrate into inflamed 
tissue to further propagate HCMV infection. However, the 
mechanisms underlying the maintenance of the latent state 
and reactivation of the latent virus remain unclear. 

HCMV DIAGNOSTIC APPROACH

1. Isolation Culture 

This is a direct culture system with human fetal lung fibro-
blasts to confirm HCMV infection. The problem with this 
procedure is that the cytopathic effect typically evolves very 
slowly; it can take up to 21 days to visualize the cytopathic 
effect of HCMV infection in culture cells. Additionally, this 
technique lacks sensitivity.25,26

2. Serology 

HCMV infection is a common viral infection in humans 
and 60−70% of adults are carriers of HCMV (this percentage 
may slightly decrease in the near future). HCMV infection is 
diagnosed by comparing the antibody titer at the acute stage 
with that at the recovery stage. HCMV-specific IgM levels 
will increase 2−6 weeks after primary infection. The titer of 
IgM antibodies usually decreases in 2−3 months in healthy 
people and rarely reappears during HCMV reactivation (the 
frequency is 0.1−2%). At least a four-fold increase of HCMV-
specific IgG antibody is considered to be a criterion for 
diagnosis of HCMV-specific infection and, therefore, paired 

serum samples obtained at least 2−4 weeks apart are need-
ed.27-29 Generally, in the case of HCMV reactivation, the titer 
for HCMV-specific IgG does not change. Thus, the measure-
ment of HCMVs-specific antibodies is of limited value in the 
evaluation of HCMV reactivation from carriers, whereas it is 
useful to evaluate CMV infection in HCMV-naive patients.

3. HCMV Antigenemia 

This method is used to directly detect the antigen of HCMV 
in specimen materials without separating HCMV from tis-
sues. The infected cells are detected by immunofluorescence 
using antibodies against the immediate-early antigen and the 
HCMV pp65 antigen of HCMV.29 This method can be used for 
not only the peripheral blood but also the cerebrospinal fluid. 
The HCMV antigenemia method has a sensitivity of 60−100% 
and a specificity of 83−100%.30,31 In general, the detection of 
antigen (pp65)-positive cells in peripheral blood cells reflects 
active reactivation of HCMV; however, it should be remem-
bered that the positive finding of HCMV antigenemia does 
not necessarily reflect HCMV infection in gastrointestinal 
organs.

4. Histopathological Diagnosis of HCMV

The golden standard for diagnosing HCMV infection in 
each organ is to ascertain the presence of cytomegalic cells 
by histology (typical HCMV infected cells become huge and 
contain cytomegalic inclusion bodies with a halo).32-35 HCMV 
infection not only generates inclusion bodies in the nucleus 
but also produces similar inclusion bodies in the cytoplasm 
(cytoplasmic inclusion bodies). The sensitivity of HCMV 
detection in tissue specimens has been improved by immu-
noperoxidase or immunofluorescence staining for HCMV 
antigens using monoclonal antibodies and/or in situ  DNA 
hybridization. However, there have been no reports regarding 
how many biopsy specimens are required to prove absence 
of cytomegalic cells.

5. Diagnosis of HCMV by Polymerase Chain Reaction 
(PCR) Analysis

PCR has been used to identify HCMV-DNA in urine, blood, 
and tissues. Several studies have used the quantitative real-
time PCR assay to detect the immediate-early gene for rapid 
quantification of HCMV-DNA in clinical samples.36-39 PCR 
analysis is more useful for diagnosing HCMV infection and 
monitoring the viral load than HCMV antigenemia. In fact, 
our group demonstrated the usefulness of the mucosal PCR 
method (using biopsy specimens) for diagnosing HCMV 
infection in active UC.40 However, the high sensitivity of the 
quantitative real-time PCR assay may result in low specificity 
for diagnosing active HCMV infection because HCMV-DNA 
in samples with low copy number, would be detected by the 
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PCR assay but may not actually reflect active infection in the 
organs; rather, it may indicate “innocent bystander reactiva-
tion”.41

INVOLVEMENT OF CMV REACTIVATION IN THE 
PATHOPHYSIOLOGY OF UC

HCMV infection is considered an important exacerbating 
factor in UC patients. The first case with an association be-
tween UC and HCMV infection was described by Powell et 
al. in 1961.42 Since then, numerous cases reports and many 
studies have suggested the association of HCMV infection 
with the flare-up of UC.3,10,43,44 Retrospective studies have re-
ported the presence of HCMV in surgical specimens of UC 
patients who underwent colectomy because of toxic megaco-
lon or steroid resistance.3 Additionally, it is well-known that 
the steroid-refractory condition in UC is strongly associated 
with HCMV infection. A case-control study showed that the 
ratio of positive HCMV findings by immunohistochemistry 
(IHC) in surgical specimens of steroid-refractory UC patients 
and non-refractory UC was 25% and 2.5%, respectively.7 In 
our facility, 56.7% of UC patients who were refractory to im-
munosuppressive therapies were diagnosed with HCMV 
infection by the mucosal PCR method.40 In contrast, Fukuchi 
et al. reported that 29.4% of active UC patients who did not 
receive any immunosuppressive therapies such as corticoste-
roids were positive for HCMV-DNA in their colonic mucosa.45 
These findings are similar to those of Roblin and Demènech 
reports. These data suggest that preceding mucosal inflam-
mation in UC is important for inducing HCMV reactivation 
in intestinal tissue. Interestingly, Hommes et al. reported 
that HCMV in intestinal tissue biopsies was approximately 
20 times more likely in UC patients than in controls with 
non-inflammatory disease.46 From the clinical aspect, we 
speculate that disease activity together with the use of immu-
nosuppressive drugs may predispose UC patients to colonic 
reactivation of HCMV.

DIAGNOSIS OF HCMV INFECTION IN UC

Detection of HCMV antigen (pp65 antigenemia assay) 
and HCMV-DNA (PCR) in the peripheral blood, which can 
quantify viral load and can be generally applied for diagnosis 
of HCMV infection, are not necessarily useful for diagnos-
ing HCMV colitis because gastrointestinal disease related to 
HCMV infection can occur even when HCMV is not detected 
in the blood.5 Gastroenterologists typically agree that endo-
scopic examination is required for evaluating HCMV infec-
tion in patients with UC flare-ups. However, previous reports 
suggested that there were no characteristic endoscopic find-
ings of UC flare-ups accompanied with HCMV infection.40,47-49 
In this regard, histological evaluation of biopsy specimens 
is essential to examine HCMV infection in colonic mucosa 
of active UC. Generally, the detection of HCMV in biopsy 

specimens by histologic examinations, such as the detection 
of inclusion bodies and IHC, is the golden standard for de-
termining the involvement of HCMV in gastrointestinal dis-
eases. However, it is important to remember that histological 
markers of HCMV disease in colonic tissue are negative even 
when the HCMV-DNA load is high at the tissue level. Yoshino 
et al. reported the usefulness of the mucosal PCR method 
for detecting HCMV infection in UC patients.40 Roblin et al. 
reported the importance of determining HCMV-DNA load 
by PCR because this quantitative detection of HCMV-DNA in 
intestinal tissue could predict resistance to steroid treatment 
in UC patients.50 In addition, the European Crohn’s and Coli-
tis Organization guidelines recommend the use of tissue PCR 
as an alternative to IHC for investigation of CMV infection in 
immunomodulation-refractory cases of IBD.51 In this regard, 
the application of the mucosal PCR method for evaluating 
CMV infection should be considered in HCMV infection-
suspected cases negative for IHC findings.

HOW DO WE TREAT ACTIVE UC WITH 
CONCOMITANT HCMV INFECTION?

Several reports have indicated the effect of antiviral treat-
ments in UC patients with CMV infection refractory to corti-
costeroid therapy. However, in the current clinical setting, we 
consider that all UC patients in whom HCMV is detected do 
not require antiviral therapies. In fact, we have not yet estab-
lished an exact method to identify patients whose disease im-
proves with antiviral therapy. Therefore, there is no standard-
ized therapeutic regimen for UC patients with concomitant 
HCMV infection.

When we treat UC patients with concomitant HCMV infec-
tion, we consider the selection of anti-inflammatory thera-
pies that do not result in HCMV reactivation. Granulocyte 
and monocyte adsorptive apheresis (GMAA) with the ada-
column (JIMRO, Gunma, Japan) is natural biological therapy 
for UC that selectively removes granulocytes/macrophages 
that produce inflammatory cytokines, without removing 
lymphocytes. Several reports have demonstrated that GMAA 
could be a suitable therapeutic option for patients with ac-
tive UC prior to starting corticosteroid treatment.52 Yoshino 
et al. reported that GMAA did not affect HCMV reactivation 
in UC patients with a history of HCMV infection.53 Fukuchi 
et al. reported the effect of GMAA on steroid-naïve active 
UC patients with concomitant HCMV infection.45 Their data 
demonstrated that the clinical remission ratio of GMAA in 
UC patients positive for HCMV was 73.3%. Interestingly, this 
study showed that HCMV-DNA in colonic mucosa became 
negative in all UC patients positive for CMV who achieved 
clinical remission after GMAA. Thus, these clinical data in-
dicate the important issue that local intestinal inflammation 
can trigger HCMV reactivation in a subpopulation of UC pa-
tients. Thus, GMAA may be a promising option for active UC 
with concomitant HCMV infection (Fig. 1).
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Kim et al. reported data regarding the importance of con-
trolling intestinal inflammation of UC to avoid HCMV infec-
tion.54 They performed a prospective, multicenter study in 
which 72 patients with moderate to severe UC were treated 
with intravenous steroids. Among the enrolled patients, 17 
UC patients with concomitant HCMV infections improved 
with steroid therapy alone and did not require antiviral thera-
pies. In contrast, 14 UC patients with concomitant HCMV 
infection who did not respond to steroid therapy required 
ganciclovir treatment. Kim et al.’s data also suggested that in-
sufficient control of local inflammation could lead to HCMV 
infection and complicate the condition of UC flare-ups.

Roblin et al. showed striking data that UC patients with 
a HCMV-DNA load higher than 250 copies/mg in tissue 
required early antiviral treatment.50 Their data showed the 
importance of evaluating HCMV-DNA load in the colonic 
tissue of UC patients for identifying UC patients positive for 
HCMV-DNA in colonic tissue who should be treated with an-
tiviral treatment. Their data also suggested that a high level of 
HCMV-DNA in the colonic mucosa could affect the efficacy 
of immunomodulatory treatments, and antiviral treatment 
should be implemented to prevent further HCMV reactiva-
tion during the use of immunosuppressive treatments for 
patients who exhibit a high load of HCMV-DNA. However, 
whether a HCMV-DNA copy number higher than 250 copies/

mg in tissue is optimal for starting antiviral therapy in refrac-
tory cases should be elucidated in the future.

Considering that TNF-α plays an important role in HCMV 
reactivation in both monocytes and DCs, anti-TNF-α therapy 
may be useful in UC patients with concomitant HCMV in-
fection. D’ Ovidio et al. evaluated the presence and severity 
of HCMV infection and disease in infliximab-treated IBD 
patients55 and concluded that active HCMV infection did not 
progress to disease following infliximab therapy, and that 
the response to infliximab therapy did not appear to be influ-
enced by HCMV infection/disease. Pillet et al. proposed an 
algorithm for management of HCMV infection in IBD.56 They 
recommended the use of anti-TNF-α therapy in UC patients 
with concomitant HCMV infection. More studies are neces-
sary to assess this issue in the future.

Whether or not UC patients exhibit CMV-DNA in inflamed 
mucosa may depend on both the patient’s immune condition 
and the following immunosuppressive therapy. Additionally, 
how and when to start antiviral treatment for UC patients 
with concomitant CMV infection remains unclear. In this 
regard, the best way to treat refractory UC patients with con-
comitant CMV infection may at least be to reduce colonic 
inflammation without affecting HCMV infection using such 
methods such as GMAA and anti-TNF-α therapy.

Fig. 1. Effect of granulocyte and monocyte adsorptive apheresis (GMAA) on UC patient with concomitant human cytomegalovirus (HCMV) in-
fection. Cases of steroid-resistant UC patients with concomitant HCMV infection who were successfully treated with GMAA. Forty-nine female 
patients with UC, who were refractory to 60 mg of prednisolone (PSL), were transferred to our hospital. HCMV antigenemia, immunohistochem-
istry (IHC), and HCMV-DNA in the colonic mucosa were observed. After starting gancyclovir (5 mg/kg), abdominal symptoms such as hemato-
chezia and abdominal pain did not subside. We initiated intensive GMAA (twice/week). After 10 applications of GMAA, the abdominal symptoms 
disappeared and PSL could be completely tapered. Sigmoidoscopy 3 months after initiation of GMAA showed the disappearance of the ulcerative 
lesions and scar formation. 5-ASA, 5-aminosalicylic acid.
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ESTABLISHMENT OF A CMV-INFECTED IBD 
MOUSE MODEL: FURTHER UNDERSTANDING 
OF MECHANISM AND INVOLVEMENT OF HCMV 
INFECTION IN UC

In clinical practice, numerous case series have been re-
ported on HCMV detection in patients with severe IBD unre-
sponsive to standard immunosuppressive therapy. 

Moreover, it is well known that the prognosis of IBD pa-
tients complicated by HCMV infection is poor. Therefore, 
sufficient understanding of the effects of HCMV on IBD is 
important to manage these patients. HCMV reactivation 
is thought to be mainly triggered by TNF-α. However, the 
mechanism by which CMV aggravates IBD remains unclear. 

Recently, we reported for the first time an experimental IBD 
mouse model exacerbated by CMV infection.57 Generally, 
mouse cytomegalovirus (MCMV) shares a high sequence ho-
mology with HCMV and serves as a useful tool to understand 
HCMV pathogenesis. The T cell receptor (TCR)-α Knockout 
(KO) mouse develops spontaneous bowel inflammation, 
which is similar to UC. First, we established MCMV-latent in-
fected TCR-α KO mice mimicking HCMV latent infection in 
UC patients. In this study, IHC findings demonstrated an in-
crease in MCMV-infected cells as colitis developed in TCR-α 
KO mice. It should be noted that MCMV infected cells were 
detected predominantly in inflamed colonic mucosa. This 
result was compatible with clinical data showing that HCMV 
was not present in non-inflamed but present in inflamed 
colonic mucosa among patients with severe UC. Addition-
ally, MCMV-infected TCR-α KO mice developed more severe 
colitis than not-infected mice (Fig. 2). HCMV is reported to 
induce migration of neutrophils and reprogram monocyte 
differentiation toward M1 macrophages in vitro.58 In fact, we 
found more migrating neutrophils and M1 macrophages 
at the inflammatory site in the colon of this murine model. 
Immunohistochemical study with this murine model dem-
onstrated that MCMV latently infected perivascular stromal 
cells, including pericytes. These data suggest that HCMV 
infection in the colonic mucosa of UC patients could spread 
from perivascular stromal cells to endothelial cells and epi-
thelial cells with the progression of colitis. We consider that 
the application of this model will aid in investigating the more 
detailed mechanism of aggravation in IBD with HCMV infec-
tion and treatment of these patients. 

CONCLUSIONS

Many studies have been performed to elucidate the rela-
tionship between HCMV infection and UC flare-ups. Current 
clinical data and the experimental data obtained from our 

Fig. 2. Histologic findings in the proximal and distal colon in T cell 
receptor (TCR)-α knockout (KO) mice with and without mouse cyto-
megalovirus (MCMV) infection at 12 weeks. In comparison with unin-
fected KO mice, histological examination revealed severe hyperplasia 
of the epithelial cells, infiltration of inflammatory cells, and crypt loss 
in infected TCR-α KO mice at 12 weeks (H&E, ×200).

Fig. 3. Proposed mechanisms of human 
cytomegalovirus (HCMV) reactivation in 
UC. Tissue PCR is useful and accurate 
modality for diagnosis of CMV infection in 
patients with UC.
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newly established mouse model demonstrate that insuffi-
cient control of inflammation could result in exacerbation of 
UC disease activity with HCMV reactivation (Fig. 3). In this 
regard, we consider that optimal control of colonic inflam-
mation should be achieved in UC patients who are refractory 
to conventional immunosuppressive therapies and are posi-
tive for HCMV. Further, the timing of the initiation of antiviral 
therapy is critical for therapeutic strategies in active UC pa-
tients who are positive for HCMV. Investigation of the HCMV-
DNA copy number in colonic mucosa by mucosal PCR may 
hold the key to solving this issue.
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