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Background. Cytomegalovirus (CMV) colitis is a common manifestation of CMV end-organ disease, which has
typically been described in immunocompromised hosts. Recently, it has been noted that this also occurs in immu-
nocompetent patients. To gather relevant data about clinical presentation, prognosis, and risk factors for develop-
ment of CMV colitis in immunocompetent hosts, we analyzed all cases that occurred during a 19-year period at our
institution.

Methods. A case-control study was performed to identify risk factors for CMV colitis in immunocompetent
hosts. Electronic medical records of individuals who were admitted and diagnosed with CMV colitis between January
1995 and February 2014 at a tertiary care university hospital were reviewed. Two non-CMYV colitis patients who were
age- and sex-matched were selected as controls for each case.

Results. A total of 51 patients with CMV colitis were included in this study along with 102 control patients.
Certain conditions including renal disease on hemodialysis, neurologic disease, rheumatologic disease, intensive
care unit admission, and exposure to antibiotics, antacids, steroids, or red blood cell (RBC) transfusions within 1
month of diagnosis of colitis were associated with CMV colitis on univariate analysis. Among these, steroid use
and RBC transfusion within 1 month were identified as independent risk factors for developing CMV colitis on mul-
tivariate analysis. The 30-day mortality rate was 7.8% without any attributable mortality.

Conclusions. Steroid use and RBC transfusion within 1 month of the diagnosis of colitis were independent risk
factors for development of CMV colitis in immunocompetent hosts.
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Cytomegalovirus (CMV) colitis is a common manifes-
tation of CMV end-organ disease, which is associated
with significant morbidity, such as abdominal pain,
diarrhea, GI bleeding, and colon perforation [1, 2].
Although it has typically been described in immuno-
compromised patients such as those with human
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immunodeficiency virus (HIV) infection, solid organ
transplant (SOT), ulcerative colitis, or malignancy [3-
9], there have been several descriptive case series
among immunocompetent hosts [10-12]. One study
evaluated outcomes of CMV colitis in 44 immunocom-
petent patients via literature search [13]. However, data
regarding risk factors for development of CMV colitis
and clinical characteristics in immunocompetent hosts
have not yet been reported. As clinical suspicion and
endoscopic examination are essential for the diagnosis
of CMV colitis [12], there is a clear need for these data.
To this end, all cases of CMV colitis presenting during a
19-year period at our center were analyzed to evaluate
risk factors for development of CMV colitis and its clin-
ical presentation in immunocompetent hosts.
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METHODS

Study Design and Patient Selection

A case-control study was designed to identify the clinical pre-
sentation and risk factors for development of CMV colitis in
adult immunocompetent patients. We reviewed the electronic
medical records of individuals who were admitted and diag-
nosed with CMV colitis between January 1995 and February
2014 at Samsung Medical Center, Seoul, Republic of Korea.
This is a 1950-bed tertiary care university hospital and referral
center. This study included patients with CMV colitis who were
aged >19 years at the time of diagnosis. Patients with HIV in-
fection, ulcerative colitis, or a history of SOT were excluded.
Cancer patients were also excluded, with the exception of
those who had been in complete remission for >5 years. To es-
tablish a control group, we screened all adult patients who were
admitted to the hospital with a clinical diagnosis of colitis. Two

Table 1. Clinical Presentation of Cytomegalovirus Colitis

CMV Colitis
Variables (n=51)
Viral markers
CMV antigenemia (n = 30), median (IQR) 2 (0-22)
Positive (>1/200 000 WBCs) 17 (57 %)
CMV IgG positive (n = 10) 10 (100%)
CMV IgM positive (n=12) 1(8.3%)
Symptoms
Fever 8 (15.7%)
Abdominal pain 8 (15.7%)
Nausea/vomiting 3 (5.9%)
Diarrhea 23 (45.1%)
Hematochezia 26 (51.0%)
Melena 4 (7.8%)
Time to symptom improvement, d, 4 (3-7)
median (IQR)
Endoscopic findings
Ulcer 45 (88.2%)
Erosion 19 (37.3%)
Mass-like lesion 2 (3.9%)
Endoscopic follow-up performed 17 (33%)
Time to endoscopic improvement, d, 20 (15-25)
median (IQR)
Treatment
Ganciclovir administration 39 (76.5%)
Treatment duration, d, median (IQR) 14 (14-21)
Treatment failure 0 (0%)
Surgical resection 5(9.8%)
Improved without treatment 9(17.6%)

Data are expressed as No. (%) of patients unless indicated otherwise.

Abbreviations: CMV, cytomegalovirus; IgG, immunoglobulin G; IgM, immuno-
globulin M; IQR, interquartile range; WBC, white blood cell.

age- and sex-matched control patients were selected for each
case patient. Exclusion criteria were the same as those used
for case patients.

Data Collection

We collected the following data from the electronic medical re-
cords: age, sex, body mass index (BMI), white blood cell (WBC)
count with differential, hemoglobin levels, platelet count, albu-
min, erythrocyte sedimentation rate, C-reactive protein level,
CMYV antigenemia, CMV serologies, presenting symptoms, en-
doscopic findings, underlying diseases, comorbid conditions,
treatment duration, treatment outcomes, drug administration
history, and transfusion history. Laboratory data were collected
on the day of diagnosis of colitis. The cumulative dose of ste-
roids administrated within 1 month of the diagnosis of colitis
was calculated and converted into an equivalent dose of predni-
sone. The total amount of transfused blood products within 1
month of the diagnosis of colitis was also calculated. The Charl-
son weighted index of comorbidity was used to evaluate comor-
bid conditions.

Definitions

In this study, patients were defined as having CMV colitis if
they met both of the following criteria: (1) clinical symptoms
and signs compatible with colitis such as diarrhea or hemato-
chezia, and (2) pathologically confirmed CMV tissue involve-
ment. Immunocompetent patients were defined as those who
did not have HIV infection, ulcerative colitis, SOT, or active

cancer.

Pathologic Confirmation of CMV Infection

Pathologic specimens were obtained by colonoscopy, sigmoido-
scopy, or surgery. CMV infection of the involved tissue was
confirmed either by immunohistochemistry (IHC) or polymer-
ase chain reaction (PCR), taken together with characteristic
histopathologic findings. IHC staining was performed with
monoclonal antibodies directed against CMV immediate early
nuclear protein and early nuclear protein (Clones CCH2 +
DDGY, DAKO, Glostrup, Denmark).

Statistical Analysis

To evaluate risk factors, Student ¢ tests and Mann-Whitney
U tests were used to compare continuous variables, and x>
tests and Fisher exact tests were used to compare cate-
gorical variables. We used a logistic regression model to control
for confounding variables and to identify independent
risk factors for the development of CMV colitis. All P values
were 2-tailed, and those <.05 were considered to be sta-
tistically significant. SPSS for Windows (IBM, Armonk,
New York), Statistics version 20.0 was used for all statistical
analyses.
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RESULTS

Clinical Presentation and Prognosis of CMV Colitis

During the study period, we identified 51 immunocompetent
patients with CMV colitis, and their clinical presentations are
shown in Table 1. The mean age of the patients was 65.2
years, and approximately half were male. CMV immunoglobu-
lin G (IgG) antibody was checked in 10 patients, all of which
were positive. CMV antigenemia was tested in 30 patients,
and the median titer was 2 per 200 000 WBCs (interquartile
range [IQR], 0-22). Hematochezia (51%) was the most fre-
quently observed symptom among patients with CMV colitis,
followed by diarrhea (45.1%). Four patients had Clostridium dif-
ficile colitis concomitantly, and none of the case patients were
diagnosed with or treated for other bacterial colitis. Most
patients (88.2%) exhibited mucosal ulceration on endoscopic
examination, and it took a median of 20 days to show im-
provement on endoscopic follow-up. A total of 39 patients
(76.5%) received ganciclovir treatment for a median duration
of 14 days. Five patients (9.8%) underwent surgical resection
due to bowel perforation, uncontrolled bleeding, or colon

stricture. Nine patients (17.6%) improved without specific
treatment. The 30-day mortality was 7.8%, all related to comor-
bid conditions such as pneumonia, bacterial sepsis, or bowel
ischemia. There was no contributable mortality from CMV
colitis.

Baseline Characteristics and Comorbid Conditions of Patients
With CMV Colitis

A total of 51 immunocompetent CMV colitis patients were age-
and sex-matched to 102 control patients with non-CMYV colitis.
Baseline characteristics of CMV colitis patients were compared
to those of control patients (Table 2). The median BMI was
lower in the case group (P =.045). Patients with CMV colitis
had lower WBC counts, hemoglobin levels, and albumin levels
(all P <.05). Among the various underlying conditions evaluat-
ed, renal disease on hemodialysis, neurologic disease, and rheu-
matologic disease were more frequently observed in the case
patients (all P<.05). Eleven patients in the case group
(21.6%) were receiving care in the intensive care unit (ICU)
at the time of diagnosis of colitis, which was significantly higher
than that of the control group (P <.05).

Table 2. Baseline Characteristics and Comorbid Conditions of Patients With Cytomegalovirus Colitis

Variables Case Group (n=51) Control Group (n=102) P Value
Age, y, mean = SD 65.2 +14.0 65.1+13.8 .984
Male sex 24 (47.1%) 48 (47.1%) 1.000
BMI, kg/m?, median (IQR) 20.7 (18.4-22.3) 22.4 (20.1-24.5) .045
Laboratory tests, median (IQR)
WBC, cells/uL 6740 (4330-9510) 8830 (6180-11 958) .003
Hemoglobin, mg/dL 9.7 (8.6-10.7) 12.5(11.2-14.4) <.001
Platelets, per pL 209 (107-301) 198 (157-258) 917
ANC, per uL 4610 (2790-7680) 6610 (3939-10061) .005
ALC, per uL 900 (470-1589) 1055 (758-1622) 100
Albumin, g/dL 2.7 (2.4-3.1) 3.8(3.2-4.2) <.001
ESR, mm/h 19 (6-57) 26 (10-53) 231
C-reactive protein, mg/dL 2.6 (1.1-6.3) 3.9 (1.3-9.5) .072
Underlying disease, any 44 (86.3%) 62 (60.8%) .001
Cardiovascular disease 11 (21.6%) 17 (16.7 %) 460
Pulmonary disease 5 (9.8%) 5 (4.9%) .302
Liver disease 3(5.9%) 5 (4.9%) 1.000
Renal disease 16 (31.4%) 17 (16.7%) .037
Renal disease on hemodialysis 10 (19.6%) 4 (3.9%) .003
Neurologic disease 12 (23.5%) 9 (8.8%) .013
Diabetes mellitus 15 (29.4%) 23 (22.5%) .354
Hypertension 22 (43.1%) 37 (36.3%) 411
Rheumatologic disease 8 (15.7%) 4 (3.9%) .021
Charlson WIC, median (IQR) 1(1-2) 0 (0-1) <.001
ICU care 11 (21.6%) 1(1.0%) <.001

Data are expressed as No. (%) of patients, unless indicated otherwise.

Abbreviations: ALC, absolute lymphocyte count; ANC, absolute neutrophil count; BMI, body mass index; ESR, erythrocyte sedimentation rate; ICU, intensive care
unit; 1QR, interquartile range; SD, standard deviation; WBC, white blood cell; WIC, weighted index of comorbidity.
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Table 3. Drug Exposure and Transfusion History Within 1 Month
of Diagnosis of Cytomegalovirus Colitis

Case Group  Control Group P
Variables (n=51) (n=102) Value
Antibiotic use 39 (76.5%) 27 (26.5%) <.001
H2 blocker/PPI use 35 (68.6%) 11 (10.8%) <.001
Aspirin/NSAID use 12 (23.5%) 17 (16.7%) .307
Steroid use 28 (54.9%) 3(2.9%) <.001

Cumulative dose of steroid, 448 (155-865)
mg, median (IQR)?

150 (NA) 122

RBC transfusion 34 (66.7%) 2 (2.0%) <.001
Total amount, units, 8 (3-12) 3 (NA) .198
median (IQR)
PLT transfusion 12 (23.5%) 0 (0.0%) <.001
Total amount, units, 24 (17-83) NA
median (IQR)
FFP/cryoprecipitate 15 (29.4%) 0 (0.0%) <.001
transfusion
Total amount, units, 6 (2-13) NA

median (IQR)

Data are expressed as No. (%) of patients unless indicated otherwise.
Abbreviations: FFP, fresh frozen plasma; IQR, interquartile range; NA, not
applicable; NSAID, nonsteroidal anti-inflammatory drug; PLT, platelet; PPI,
proton pump inhibitor; RBC, red blood cell.

@ The cumulative dose of steroids was converted into an equivalent dose of
prednisone.

Drug Exposure and Transfusion History of Patients With CMV
Colitis

Drug exposure and transfusion history within 1 month of the
diagnosis of colitis were analyzed and are presented in Table 3.
Thirty-nine patients (76.5%) with CMV colitis received antibi-
otic therapy, and 35 patients (68.6%) received antacid treatment
(H2 blocker or proton pump inhibitor), both of which were sig-
nificantly higher than that of the control group (both P <.001).
A significantly higher proportion of patients with CMV colitis
had a history of steroid use (28 patients [54.9%]) vs 3 patients

(2.9%) in the control group (P <.001). The median cumulative
steroid dose over the course of 1 month prior to diagnosis was
448 mg (as prednisone equivalent) among the CMV colitis pa-
tients. Use of aspirin and nonsteroidal anti-inflammatory drugs
was not different between groups.

Thirty-four patients with CMV colitis (66.7%) had a history
of red blood cell (RBC) transfusion within 1 month of the diag-
nosis of colitis. In contrast, there were only 2 patients in the con-
trol group who had history of RBC transfusion. Five patients in
the case group were transfused with leukocyte-depleted RBCs
together with non-leukocyte-depleted RBCs. None of the
study patients received leukocyte-depleted RBCs only. The me-
dian transfusion volume was 7 units among the case patients. In
all, 23.5% of the case patients underwent platelet transfusion
and 29.4% received fresh frozen plasma (FFP) or cryoprecipi-
tate. None of the control patients had a history of platelet,
FFP, or cryoprecipitate transfusion.

Multivariate Analysis for Risk Factors of Development of CMV
Colitis

Among the variables analyzed, a history of steroid use (odds
ratio [OR], 40.17; 95% confidence interval {CI}, 11.24-143.65)
and RBC transfusion (OR, 100; 95% CI, 21.96-255.37) within 1
month of the diagnosis of colitis showed the highest ORs. As the
number of total case patients was limited to 51, multivariate
analysis to adjust for possible confounding variables was
performed separately (Table 4).

The first adjusted analysis was performed with respect to
underlying diseases and showed statistical significance on uni-
variate analysis. Renal disease on HD, neurologic disease, rheu-
matologic disease, history of steroid use, and history of RBC
transfusion were included in the multivariate analysis, and
only a history of steroid use (OR, 15.38; 95% CI, 2.49-95.08)
and RBC transfusion (OR, 46.12; 95% CI, 90.15-232.34)
showed statistical significance.

Table 4. Multivariate Analysis of Risk Factors for Development of Cytomegalovirus Colitis

Adjusted Analysis 1

Adjusted Analysis 2

Risk Factor OR (95% CI) P Value OR (95% CI) P Value
Renal disease on hemodialysis 1.72 (.24-12.22) .689

Neurologic disease 1.28 (.26-6.37) .766

Rheumatologic disease 0.807 (.08-8.43) .858

Antibiotic use within 1 mo 2.60 (.89-7.64) .082
H2 blocker/PPI use within 1 mo 2.20 (.61-7.93) 228
Intensive care unit admission 1.03 (.02-55.12) .989
Steroid use within 1 mo 15.38 (2.49-95.08) .003 9.95 (1.95-46.66) .005
RBC transfusion within 1 mo 46.12 (90.15-232.34) <.001 30.85 (5.70-167.06) <.001

Abbreviations: Cl, confidence interval; OR, odds ratio; PPI, proton pump inhibitor; RBC, red blood cell.
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The second adjusted analysis was performed with respect to a
history of drug use and ICU care. A history of antibiotic use,
antacid use, ICU care, steroid use, and RBC transfusion were
included in the multivariate analysis. Again, a history of steroid
use (OR, 9.95; 95% CI, 1.95-46.66) and RBC transfusion
(OR, 30.85; 95% CI, 5.70-167.06) maintained statistical
significance.

DISCUSSION

CMV colitis in immunocompetent hosts was first reported in
1988 [14], followed by sporadic case reports and case series
[2, 10, 15-18]. Although reports in the early 1990s described
CMYV colitis in immunocompetent hosts as extremely rare, sub-
sequent case reports suggested that it might be more frequent
than previously believed. We also noticed an increasing trend
in its occurrence in our data. Among 51 cases of CMV colitis,
36 cases (70.6%) had been diagnosed since 2008. However, the
number of orders for CMV IHC or CMV PCR in colonic path-
ologic specimens also increased, and the rates of positivity of
CMV IHC or CMV PCR remained stable throughout the
study period (0.09-0.2). Thus, increased reports of CMV colitis
in immunocompetent hosts are likely arising from increased
clinical suspicion of CMV colitis, rather than true increases in
its incidence. Although some reports have suggested that CMV
colitis may be related to certain underlying conditions such as
chronic renal disease [16, 18], there are no statistical data re-
garding risk factors for development. This is the first case-
control study to evaluate risk factors for development of
CMV colitis in immunocompetent hosts.

The prevalence of CMV-specific antibody varies throughout
the world [19], and seroprevalence in the Korean population is
reported to be high. Although there are no nationwide surveil-
lance data in Korea, some studies have reported 96%-98%
CMV IgG seroprevalence in pregnant women (575 women
with a mean age of 29.5 years and 744 women with a mean
age of 21.9, respectively) [20,21], and 98%-100% in SOT recip-
ients [22, 23]. As 49 case patients (96%) in this study were at
least 40 years old and the younger patients were confirmed as
CMV IgG seropositive, we can assume that most patients
with CMV colitis in this study were CMV seropositive despite
only 10 patients having been tested. Additionally, CMV antige-
nemia was evaluated in 30 case patients (58.8%), of which 43%
were negative. The low sensitivity of CMV antigenemia for pre-
dicting CMV gastrointestinal disease was also suggested by pre-
vious studies [9, 24-26], and these findings imply that
endoscopic testing with pathologic confirmation is essential
for the diagnosis of CMV colitis. Among patients who were
treated with ganciclovir, none experienced treatment failure.
Given the median treatment duration (14 days [IQR, 14-21
days]), we cautiously assume that immunocompetent hosts do

not need ganciclovir treatment for as long as HIV patients (21-
42 days) for the treatment of CMV colitis [27].

In the 2 separate adjusted analyses, a history of steroid use
and RBC transfusion within 1 month of the diagnosis of colitis
were found to be independent risk factors for the development
of CMV colitis. Steroids have immunosuppressive effect mainly
by the derangement of T-lymphocyte and monocyte functions,
and blockade of the production of inflammatory cytokines such
as tumor necrosis factor o and interleukin 18 [28,29]. Although
direct effect of steroid use on susceptibility of CMV infection is
not clearly identified in vitro, many clinical data support their
relationship. It is well known that long-term use of systemic ste-
roids may increase the risk of viral infections such as herpes
zoster [30, 31], and recent retrospective studies suggest that
systemic steroid use is a risk factor for CMV disease among pa-
tients with SOT, hematologic malignancies, and rheumatologic
diseases [9, 29, 32-35]. To our knowledge, this is the first study
to show a statistically significant relationship between steroid
use and the development of CMV colitis in immunocompetent
hosts.

In the present study, we designed study definition of immu-
nocompetency with broad perspective to include patients with
chronic obstructive pulmonary disease, glomerulonephritis, or
rheumatologic diseases. As a result, long-term or high-dose ste-
roid users were also included, which may attenuate strict mean-
ing of immunocompetency. There were 5 long-term steroid
users (>15 mg prednisone equivalent per day for >1 month)
and 5 high-dose steroid users (>1 mg/kg prednisone equivalent
per day regardless of duration) in the case group. Two of 5 high-
dose steroid users also had history of cyclosporine administra-
tion within 1 month. We performed a subgroup analysis exclud-
ing these 10 cases. Steroid use within 1 month still showed a
statistically significant association in the multivariate analysis
(OR, 7.57; 95% CI, 1.18-48.54). This result implicates even
low dose of steroid could be a risk factor for development of
CMV colitis.

As noted above, most cases in the present study should be
considered in the context of reactivation of CMV or acquisition
of a new strain, due to the high seropositivity rate of Korean
population. In 1972, a hypothesis was proposed that allogeneic
blood transfusion may trigger reactivation of latent CMV infec-
tions in CMV-seropositive recipients, which was demonstrated
in a murine model [36]. Thereafter, several in vitro and murine
data supported the hypothesis showing that allogeneic leuko-
cytes may play a role in activating latent CMV [37-39]. Also,
a clinical study performed in seropositive cardiac surgery pa-
tients showed that similar rates of CMV antibody increase oc-
curred with transfusion form CMV seropositive vs seronegative
donors [40]. This indicated that reactivation accounts for most
posttransfusion CMV infections in seropositive adults. Howev-
er, as most studies of transfusion-related CMV infection among
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seropositive recipients were designed to find evidence of viral
replication in the blood, whether transfusion might result in
CMYV end-organ disease has not yet been evaluated. The present
study provides clinical evidence of a relationship between blood
transfusions and CMV end-organ disease.

There are several limitations to our study. Due to its retro-
spective nature, there may be a bias in the collection of medical
information over the 19-year study period. However, all records
of laboratory results and medications were fully computerized
from the opening of Samsung Medical Center, which mini-
mized possible information bias. Also, there is an inherent lim-
itation in defining immunocompetence. Although we defined
immunocompetent hosts as those who do not have HIV infec-
tion, ulcerative colitis, SOT, or active cancer, other comorbid
conditions such as diabetes mellitus and chronic kidney disease
also have negative effects on the host’s immune status. Addi-
tionally, about half of case patients had history of steroid use
within 1 month of the diagnosis with a median cumulative
dose of 450 mg, which may have influenced host immunity.
However, as most patients with CMV colitis have these comor-
bid conditions and drug exposure history, we thought it would
be more relevant to define immunocompetence from a broader
perspective. Last, this study may not provide data that is repre-
sentative of the general population because it was conducted at a
single tertiary care center. Despite these limitations, the present
study is the first to identify risk factors for CMV colitis in im-
munocompetent hosts, and our findings may provide useful in-
formation for clinicians regarding their approach to these
patients.

In conclusion, this study identified steroid use and RBC
transfusion within 1 month of diagnosis as independent risk
factors for development of CMV colitis among immunocompe-
tent hosts.

Note

Potential conflicts of interest. ~All authors: No potential conflicts.

All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. Kim CH, Bahng S, Kang K], et al. Cytomegalovirus colitis in patients
without inflammatory bowel disease: a single center study. Scand ] Gas-
troenterol 2010; 45:1295-301.

2. Rafailidis PI, Mourtzoukou EG, Varbobitis IC, Falagas ME. Severe cy-
tomegalovirus infection in apparently immunocompetent patients: a
systematic review. Virol ] 2008; 5:47.

3. Gandhi MK, Khanna R. Human cytomegalovirus: clinical aspects, im-
mune regulation, and emerging treatments. Lancet Infect Dis 2004;
4:725-38.

4. Kim YS, Kim YH, Kim JS, et al. The prevalence and efficacy of ganci-
clovir on steroid-refractory ulcerative colitis with cytomegalovirus

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

infection: a prospective multicenter study. ] Clin Gastroenterol 2012;
46:51-6.

. Whitley RJ, Jacobson MA, Friedberg DN, et al. Guidelines for the treat-

ment of cytomegalovirus diseases in patients with AIDS in the era of
potent antiretroviral therapy: recommendations of an international
panel. International AIDS Society-USA. Arch Intern Med 1998;
158:957-69.

. Lemonovich TL, Watkins RR. Update on cytomegalovirus infections of

the gastrointestinal system in solid organ transplant recipients. Curr
Infect Dis Rep 2012; 14:33-40.

. Matthes T, Kaiser L, Weber D, Kurt AM, Dietrich PY. Cytomegalovirus

colitis—a severe complication after standard chemotherapy. Acta Oncol
2002; 41:704-6.

. Saito M, Ishino A, Ito T, et al. Hemorrhagic cytomegalovirus colitis in a

postoperative colon cancer patient. Case Rep Oncol 2013; 6:109-13.

. Ko JH, Peck KR, Lee WJ, et al. Risk factors for cytomegalovirus gastro-

intestinal diseases in adult patients with cancer. Eur J Clin Microbiol
Infect Dis 2014; 33:1847-53.

Einbinder Y, Wolf DG, Pappo O, Migdal A, Tsvang E, Ackerman Z. The
clinical spectrum of cytomegalovirus colitis in adults. Aliment Pharma-
col Ther 2008; 27:578-87.

Klauber E, Briski LE, Khatib R. Cytomegalovirus colitis in the immuno-
competent host: an overview. Scand ] Infect Dis 1998; 30:559-64.

Ng FH, Chau TN, Cheung TC, et al. Cytomegalovirus colitis in individ-
uals without apparent cause of immunodeficiency. Dig Dis Sci 1999;
44:945-52.

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

Surawicz CM, Myerson D. Self-limited cytomegalovirus colitis in im-
munocompetent individuals. Gastroenterology 1988; 94:194-9.

Blair SD, Forbes A, Parkins RA. CMV colitis in an immunocompetent
adult. ] R Soc Med 1992; 85:238-9.

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

Chau TN, Lau LK, Lee KC, Kwok ML, Lai ST, Yuen H. Association of
self-limited cytomegalovirus colitis and shigellosis in an immunocom-
petent patient. Eur ] Gastroenterol Hepatol 1996; 8:819-22.

Chen YM, Hung YP, Huang CF, et al. Cytomegalovirus disease in non-
immunocompromised, human immunodeficiency virus-negative adults
with chronic kidney disease. ] Microbiol Immunol Infect 2014; 47:
345-9.

Krech U. Complement-fixing antibodies against cytomegalovirus in dif-
ferent parts of the world. Bull World Health Organ 1973; 49:103-6.
Sohn YM, Park KI, Lee C, Han DG, Lee WY. Congenital cytomegalovi-
rus infection in Korean population with very high prevalence of mater-
nal immunity. ] Korean Med Sci 1992; 7:47-51.

Seo S, Cho Y, Park J. Serologic screening of pregnant Korean women for
primary human cytomegalovirus infection using IgG avidity test. Kore-
an J Lab Med 2009; 29:557-62.

Kim JM, Kim SJ, Joh JW, et al. Early and delayed onset cytomegalovirus
infection of liver transplant recipients in endemic areas. Transplant
Proc 2010; 42:884-9.

Kim T, Sung H, Park KT, et al. Clinical usefulness of human cytomeg-
alovirus antigenemia assay after kidney transplantation. Infect Chemo-
ther 2009; 41:72.

Kim JW, Boo §J, Ye BD, et al. Clinical utility of cytomegalovirus anti-
genemia assay and blood cytomegalovirus DNA PCR for cytomegalovi-
ral colitis patients with moderate to severe ulcerative colitis. ] Crohns
Colitis 2014; 8:693-701.

Mori T, Mori S, Kanda Y, et al. Clinical significance of cytomegalovirus
(CMV) antigenemia in the prediction and diagnosis of CMV gastroin-
testinal disease after allogeneic hematopoietic stem cell transplantation.
Bone Marrow Transplant 2004; 33:431-4.

Risk Factors for CMV Colitis ¢ CID 2015:60 (15 March) e €25

220z 1snBny 0z U0 1sen6 Aq G/6.6v/022/9/09/9191LE/PIO/WO9"dNO"D1WSPEDE//:SA)Y WO PAPEOjUMO]



26.

27.

28.

29.

30.

31.

32.

Jang EY, Park SY, Lee EJ, et al. Diagnostic performance of the cytomeg-
alovirus (CMV) antigenemia assay in patients with CMV gastrointesti-
nal disease. Clin Infect Dis 2009; 48:e121-4.

Panel on Opportunistic Infections in HIV-Infected Adults and Adoles-
cents. Guidelines for the prevention and treatment of opportunistic infec-
tions in HIV-infected adults and adolescents: recommendations from the
Centers for Disease Control and Prevention, the National Institutes
of Health, and the HIV Medical Association of the Infectious Diseases
Society of America (page N-9). Available at: http://aidsinfo.nih.gov/
contentfiles/lvguidelines/adult_oi.pdf. Accessed 22 March 2014.
Auphan N, DiDonato JA, Rosette C, Helmberg A, Karin M. Immuno-
suppression by glucocorticoids: inhibition of NF-kappa B activity
through induction of I kappa B synthesis. Science 1995; 270:286-90.
Takizawa Y, Inokuma S, Tanaka Y, et al. Clinical characteristics of cy-
tomegalovirus infection in rheumatic diseases: multicentre survey in a
large patient population. Rheumatology (Oxford) 2008; 47:1373-8.
Stuck AE, Minder CE, Frey FJ. Risk of infectious complications in pa-
tients taking glucocorticosteroids. Rev Infect Dis 1989; 11:954-63.
Saag KG, Koehnke R, Caldwell JR, et al. Low dose long-term corticoste-
roid therapy in rheumatoid arthritis: an analysis of serious adverse
events. Am ] Med 1994; 96:115-23.

Lee HS, Park JY, Shin SH, et al. Herpesviridae viral infections after che-
motherapy without antiviral prophylaxis in patients with malignant lym-
phoma: incidence and risk factors. Am J Clin Oncol 2012; 35:146-50.

33.

34.

35.

36.

37.

38.

39.

40.

Chang H, Tang TC, Hung YS, Lin TL, Kuo MC, Wang PN. Cytomeg-
alovirus infection in non-transplant patients with hematologic neo-
plasms: a case series. Chang Gung Med J 2011; 34:65-74.

Wadhawan M, Gupta S, Goyal N, et al. Cytomegalovirus infection: its
incidence and management in cytomegalovirus-seropositive living re-
lated liver transplant recipients: a single-center experience. Liver
Transpl 2012; 18:1448-55.

Al-Hajjar S, Al Seraihi A, Al Muhsen S, et al. Cytomegalovirus infec-
tions in unrelated cord blood transplantation in pediatric patients:
incidence, risk factors, and outcomes. Hematol Oncol Stem Cell Ther
2011; 4:67-72.

Lang DJ. Cytomegalovirus infections in organ transplantation and post
transfusion. An hypothesis. Arch Gesamte Virusforsch 1972; 37:365-77.
Soderberg-Naucler C, Fish KN, Nelson JA. Reactivation of latent human
cytomegalovirus by allogeneic stimulation of blood cells from healthy
donors. Cell 1997; 91:119-26.

Olding LB, Jensen FC, Oldstone MB. Pathogenesis of cytomegalovirus
infection. I. Activation of virus from bone marrow-derived lymphocytes
by in vitro allogenic reaction. ] Exp Med 1975; 141:561-72.

Cheung KS, Lang DJ. Transmission and activation of cytomegalovirus
with blood transfusion: a mouse model. ] Infect Dis 1977; 135:841-5.
Adler SP, Baggett ], McVoy M. Transfusion-associated cytomegalovirus
infections in seropositive cardiac surgery patients. Lancet 1985;
2:743-7.

€26 o CID 2015:60 (15 March) e Ko et al

220z 1snBny 0z U0 1sen6 Aq G/6.6v/022/9/09/9191LE/PIO/WO9"dNO"D1WSPEDE//:SA)Y WO PAPEOjUMO]


http://aidsinfo.nih.gov/contentfiles/lvguidelines/adult_oi.pdf
http://aidsinfo.nih.gov/contentfiles/lvguidelines/adult_oi.pdf
http://aidsinfo.nih.gov/contentfiles/lvguidelines/adult_oi.pdf

