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Abstract

Background: Adults with inflammatory bowel disease (IBD) are at 
increased risk of developing cytomegalovirus (CMV) colitis, which 
is associated with adverse outcomes. Similar studies in pediatric IBD 
patients are lacking.

Methods: We analyzed non-overlapping years of National Inpatient 
Sample (NIS) and Kids Inpatient Database (KID) between 2003 and 
2016. We included all patients < 21 years with a diagnosis of Crohn’s 
disease (CD) or ulcerative colitis (UC). Patients with coexisting CMV 
infection during that admission were compared with patients without 
CMV infection for outcome measures such as in-hospital mortality, 
disease severity, and healthcare resource utilization.

Results: We analyzed a total of 254,839 IBD-related hospitalizations. 
The overall prevalence rate of CMV infection was 0.3% with an over-
all increasing prevalence trend, P < 0.001. Approximately two-thirds of 
patients with CMV infection had UC, which was associated with almost 
3.6 times increased risk of CMV infection (confidence interval (CI): 
3.11 to 4.31, P < 0.001). IBD patients with CMV had more comorbid 
conditions. CMV infection was significantly associated with increased 
odds of in-hospital mortality (odds ratio (OR): 3.58; CI: 1.85 to 6.93, P 
< 0.001) and severe IBD (OR: 3.31; CI: 2.54 to 4.32, P < 0.001). CMV-
related IBD hospitalizations had increased length of stay by 9 days while 
incurring almost $65,000 higher hospitalization charges, P < 0.001.

Conclusions: The prevalence of CMV infection is increasing in pediatric 
IBD patients. CMV infections significantly corelated with increased risk 
of mortality and severity of IBD leading to prolonged hospital stay and 

higher hospitalization charges. Further prospective studies are needed to 
better understand the factors leading to this increasing CMV infection.

Keywords: Inflammatory bowel disease; Cytomegalovirus infection; 
Ulcerative colitis; Crohn’s disease; CMV colitis; Population-based 
study; Health care utilization; Mortality

Introduction

Cytomegalovirus (CMV) belongs to the family of Herpesviri-
dae. CMV infection in immunocompetent individuals are usu-
ally asymptomatic or can cause a mild infection with a self-
limited course. However, in immunocompromised individuals, 
CMV can lead to an invasive disease with manifestations such 
as retinitis, hepatitis, pneumonia, secondary hemophagocytic 
lymphohistiocytosis and a disseminated CMV infection [1-3]. 
Among inflammatory bowel disease (IBD) patients, CMV com-
monly affects the colon [4-6]. CMV colitis is estimated to affect 
one-third of steroid-resistant acute severe ulcerative colitis (UC) 
patients [7]. Recent population-based studies in adults demon-
strated an increasing incidence of CMV infection among IBD 
patients in the USA [8]. CMV colitis has been reported in IBD 
patients with increased usage of steroids and immunomodula-
tors [9-13]. The prevalence of CMV colitis is largely unknown 
in pediatric UC and Crohn’s disease (CD), and its impact on 
the disease process is also poorly understood [10, 14]. Recent 
American College of Gastroenterology UC guidelines published 
in 2019 stated that adults with acute severe UC should undergo 
sigmoidoscopy to evaluate for CMV colitis [15]. Similarly, the 
European Society of Pediatric Gastroenterology Hepatology 
and Nutrition consensus statement recommends that children 
with steroid-resistant IBD should undergo sigmoidoscopy and 
pathologic evaluation for CMV infection [16]. The seropreva-
lence of CMV among pediatric IBD patients is 38% in children 
less than 10 years and between 22% to 25% in children aged 
11 to 19 years of age, which is in contrast to adult IBD patients 
where the seroprevalence reaches close to 90% [12, 13, 17]. 
This relatively lower seropositivity suggests that CMV infec-
tion among the pediatric age group is likely a primary infection, 
whereas in adults, the manifestations are likely to be due to re-
activation of a latent infection [18]. There is paucity of data on 
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the burden and impact of CMV infection among hospitalized 
pediatric IBD patients. Thus, we decided to evaluate the burden 
of CMV infection and its implications on IBD-related pediatric 
hospitalizations in the USA.

Materials and Methods

We analyzed non-overlapping years of two separate databases, 
National Inpatient Sample (NIS) and Kids Inpatient Database 
(KID), between 2003 and 2016. Both NIS and KID are part of 
databases developed for the Health Care Cost and Utilization 
Project (HCUP). NIS includes 20% stratified data with sample 
frame representative of more than 97% of the US population. 
NIS database includes patients of all age groups, and data are 
reported on an annual basis. The KID is a stratified aggrega-
tion of pediatric data from more than 4,200 hospitals across the 
USA and are sampled at a rate of 80%. The KID includes data 
on hospitalizations of patients less than 21 years of age and 
is released every 3 years. Both the NIS and KID contain dis-
charge level data from community hospitals (excluding long-
term acute care and rehabilitation centers) across the USA.

We included all patients less than 21 years of age during 
the study period with a primary diagnosis of CD or UC using 
the International Classification of Diseases, Ninth Revision 
(ICD-9) and 10th Revision (ICD-10) codes. Patients having 
a concomitant diagnosis of CMV infection during the same 
hospitalization were then identified and compared with IBD 
patients without CMV infection. We also analyzed risk fac-
tors of CMV infection such as bone marrow and solid organ 
transplant status, primary immunodeficiency disorders, human 
immunodeficiency virus (HIV) infection and common malig-
nancies encountered in children (such as leukemia, lymphoma, 
central nervous system malignancies, and bone tumors). We 
also evaluated common IBD-related surgeries and compared 
between the groups. For hospital resource utilization, we 
compared the length of hospital stay and total hospitalization 
charges between the two cohorts.

Using previously described validated methods, we clas-
sified the severity of IBD based on the presence or absence 
of parameters such as anemia, total parenteral nutrition use, 
malnutrition, requirement of blood transfusion, Clostridium 
difficile infection [19, 20]. The severity score ranges from 0 to 
14 for CD and up to 7 for UC [19, 20]. These risk score pre-
dicting the need for surgical intervention among IBD patients 
and the severity of hospitalization have been used and vali-
dated in prior studies evaluating the severity of disease among 
IBD patients [19-23]. The risk scores and stratification are de-
scribed here (Supplementary Material 1, www.gastrores.org). 
This study was approved by the Institutional Review Board 
(STUDY20220003) and was conducted in compliance with 
the ethical standards of the responsible institution on human 
subjects as well as with the Helsinki Declaration.

Statistical analysis

Categorical variables were described as proportions and per-

centages. Continuous variables were described as mean and 
standard deviations. Categorical variables were compared us-
ing Chi-squared test and continuous variables using independ-
ent Student’s t-test. Multivariate logistic regression model was 
used to calculate the adjusted odds ratio (OR) and 95% con-
fidence interval (CI) for in-hospital mortality and severity of 
IBD. Linear regression models were constructed to estimate 
the effect of CMV infection on length of hospital stay and total 
charges of IBD-related hospitalization. Multivariate models 
were adjusted for all the factors associated with CMV infec-
tion at a P value < 0.2 on the univariate analysis. Least square 
regression analysis was used for trend analysis of CMV infec-
tion over the years. SPSS 26 was used for statistical analysis.

Results

During the study period between 2003 and 2016, there were 
254,839 IBD hospitalizations. The overall prevalence rate of 
CMV infection in IBD patients was 0.3% (680 patients). The 
prevalence rate of CMV infection increased from 0.89 per 1,000 
IBD hospitalizations to 3.8 per 1,000 hospitalizations in 2016, P 
< 0.001 (Fig. 1). Of the IBD hospitalizations with CMV infec-
tion, majority had UC (69%). UC was associated with almost 3.6 
times increased risk concomitant CMV infection (OR: 3.66, CI: 
3.11 to 4.31, P < 0.001). The prevalence rate of CMV infection 
among UC increased from 0.3 per 1,000 UC hospitalizations in 
2003 to 7.1 per 1,000 UC hospitalizations in 2016, P < 0.001 (Fig. 
2). Similar overall uptrend in the prevalence of CMV infection 
was observed among pediatric patients with CD, P < 0.01 (Fig. 
2). IBD hospitalizations with CMV infections corelated with a 
younger age (14.9 vs. 15.6 years) (Table 1). However, after ad-
justing for other factors, age was not significantly associated with 
CMV infection in the IBD population. Female gender had in-
creased risk of CMV infections (adjusted odds ratio (aOR): 1.28, 
CI: 1.1 to 1.5, P < 0.001). Similarly, Hispanic ethnicity had sig-
nificant association (aOR: 1.85, CI: 1.46 to 2.34, P < 0.001) with 
CMV infection when compared to Caucasians, P < 0.001. Uni-
variate analysis (Table 1) showed that IBD patients with a CMV 
infection had more hospitalizations with comorbid conditions. 
There was no significant difference in IBD-related abdominal 
surgeries between the groups, P = 0.24. After adjusting for vari-
ous comorbid conditions and severity of IBD, hospitalizations 
with concomitant CMV infection were associated with 3.5 times 
increased odds of in-hospital mortality. Similarly, CMV infection 
positively correlated with an increasing degree of severity of IBD 
(Table 2). When compared to IBD with low severity, severe IBD 
and intermediate severity had 3.3 times and 2.4 times increased 
risk of CMV infection respectively (Table.2). On sub-analysis 
based on the disease type (UC and CD), we found a similar sig-
nificant association with mortality and disease severity (Table 3). 
CMV-related IBD hospitalizations had increased length of stay 
by 9 days while incurring almost $65,000 higher hospitalization 
charges (Table 2). On sub-analysis, the risk of CMV associated 
in-hospital mortality was higher for CD patients than for UC pa-
tients (aOR: 4.26 vs. 2.87). Further, UC patients with CMV in-
fection had prolonged hospitalization stay over CD patients (11 
days vs. 4 days), described in Table 3. Full model of multivariate 
regression analyses was included here (Supplementary Materials 
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2-4, www.gastrores.org).

Discussion

Our large database study demonstrates an increasing preva-

lence of CMV infection among pediatric patients with IBD. 
Our investigation validated the significant association of CMV 
infection with increasing severity of the disease leading to 
prolonged hospital stay and incurring higher hospitalization 
charges among pediatric IBD patients.

CMV infection can manifest in three different ways in pa-

Figure 1. Prevalence of cytomegalovirus (CMV) infection-related hospitalization among inflammatory bowel disease (IBD) pa-
tients between 2003 and 2016. IBD: inflammatory bowel disease; CMV: cytomegalovirus.

Figure 2. Prevalence of cytomegalovirus (CMV) infection among ulcerative colitis and Crohn’s disease patients between 2003 
and 2016. CD: Crohn’s disease; UC: ulcerative colitis.
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tients with IBD: 1) CMV disease without intestinal involve-
ment, which can occur as a primary infection as well as in 
reactivation; 2) CMV colitis with or without systemic signs; 
and 3) intestinal CMV infection with only histologic stigmata 
of local CMV reactivation without any local or systemic signs 
[4]. The prevalence rate of CMV infection among IBD-related 
hospitalizations is 0.89 to 3.2 per 1,000 IBD among pediatric 
patients. Among UC-related hospitalizations, the increase in 
prevalence rate is even more profound, increasing from 0.38 
to 7.1 per 1,000 hospitalizations. A similar increasing trend 
of CMV infection was noted among adult UC patients in the 

USA, with the prevalence rate increasing from 1.4 to 6.3 per 
1,000 hospitalizations and 0.3 to 1.8 per 1,000 CD-related hos-
pitalizations between 1998 and 2014 [8]. There are very lim-
ited data on the prevalence of CMV infection among pediatric 
IBD patients. Most data on pediatric patients are case series or 
studies limited by smaller sample sizes and involving only se-
vere colitis patients [24-27]. Whether this increased prevalence 
of CMV infection in both adult and pediatric patients is related 
to increased awareness and testing for CMV by physicians or 
due to an actual increase in CMV infection rate secondary to 
use of various immunomodulators and/or biologics is unclear.

Table 1.  Univariate Analysis Comparing Demographics, Associated Diseases, and Severity of Disease Between IBD Patients With 
and Without CMV Infection

Parameters IBD with CMV infection IBD without CMV infection P value
Age 14.92 ± 4.5 15.6 ± 3.9 < 0.001
Gender
  Male 309 (45.5%) 127,643 (50.3%) 0.01
  Female 370 (54.5%) 126,363 (49.7%)
Race
  Caucasian 341 (50.1%) 148,564 (58.3%) < 0.001
  Black 79 (11.6%) 29,880 (11.7%)
  Hispanics 99 (14.6%) 21,109 (8.3%)
  Others 161 (23.7%) 55,287 (21.7%)
Insurance
  Public 197 (29%) 67,000 (26.3%) 0.01
  Private 411 (60.4%) 166,347 (65.3%)
  Self-Pay/uninsured/others 72 (10.6%) 21,492 (8.4%)
Hospital bed size
  Small 74 (11.1%) 28,435 (11.3%) < 0.001
  Medium 97 (14.5%) 59,505 (23.6%)
  Large 497 (74.4%) 164,056 (65.1%)
Admission type
  Elective 94 (13.9%) 50,835 (20%) < 0.001
  Nonelective 584 (86.1%) 202,882 (80%)
Primary immunodeficiency disorders 24 (3.5%) 1,640 (0.6%) < 0.001
Human immunodeficiency virus infection 11 (1.6%) 78 (< 0.1%) < 0.001
Malignancy 40 (5.9%) 2,265 (0.9%) < 0.001
Transplant status 102 (15%) 2,006 (0.8%) < 0.001
IBD surgeries 62 (9.1%) 26,906 (10.6%) 0.24
IBD severity
  Low 293 (43.1%) 174,597 (68.5%) < 0.001
  Intermediate 316 (46.5%) 68,101 (26.7%)
  Severe 71 (10.4%) 12,141 (4.8%)
Mortality 12 (1.8%) 335 (0.1%) < 0.001
Length of stay 17.8 ± 1.2 5.8 ± 0.01 < 0.001
Total hospitalization charges 125,701 ± 7,239 37,405 ± 137 < 0.001

IBD: inflammatory bowel disease; CMV: cytomegalovirus.
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In our study, the majority proportion of CMV infection oc-
curred in patients with underlying UC in contrast to CD (69% vs. 
31%). This increased prevalence of CMV among UC patients 
has been well documented in adult studies [8, 28-31]. Increased 
levels of tumor necrosis factor (TNF)-alpha has been believed 
to play a crucial role in the reactivation of latent CMV infec-
tion and thought to help in the macrophage and other permissive 
cells such as mucosal epithelial cells, dendritic cells, vascular 
endothelial cells leading to increased CMV replication in these 
cells. By contrast, CD elicits a type 1 hypersensitivity reaction 
leading to increased interferon (IFN)-gamma expression, which 
could suppress CMV reactivation, leading to decreased preva-
lence of CMV reactivation in patients with CD [32]. Unlike in 
adults, most patients in pediatrics are likely to have primary 
CMV infection rather than reactivation of latent infection, which 
makes the argument about a possible a different immune interac-
tion that could make UC patients more prone for CMV infection.

The mortality rate among children is very low in our study 

with an overall in-hospital mortality among IBD-related hos-
pitalizations of 0.13% (347 deaths). After adjusting for various 
risk factors of CMV infection and severity of IBD, we found 
that CMV infection is associated with 3.5 times increased odds 
of associated in-hospital mortality (OR: 3.58; CI: 1.85 to 6.93, 
P < 0.001). Our results are in agreement with similar adult 
studies demonstrating IBD patients with CMV have a 2.5 to 7 
times increased odds of in-hospital mortality [12, 20]. We also 
report a significant association of CMV infection with severity 
of IBD, length of hospital stay, and total hospitalization charg-
es. Our results showed increasing odds of associated CMV 
infection with a worsening degree of IBD. IBD-related hos-
pitalizations associated with severe disease are 3 times more 
likely to have CMV infection than those hospitalized with IBD 
of lower severity. Our results are consistent with those studies 
in children and adults demonstrating an increased prevalence 
of CMV infection in patients with acute, severe as well as ster-
oid-resistant colitis [6, 8, 21, 26, 33]. Despite these strong as-

Table 2.  Multivariate Analysis Evaluating the Impact of CMV Infection on the Outcomes of Severe Disease, Mortality, Length of Stay 
and Total Hospitalization Charges Among All Patients With IBD

Parameters Adjusted odds ratio 95% CI P value
In-hospital mortalitya 3.58 1.85 - 6.93 < 0.001
IBD severitya

  Low Reference
  Intermediate 2.48 2.11 - 2.93 < 0.001
  Severe 3.31 2.54 - 4.32 < 0.001

Average difference 95% CI P value
Length of stay (in days)b 9.57 9.01 - 10.14 < 0.001
Total hospitalization costsc $64,972 $59794 - $70,150 < 0.001

Parameters Average difference 95% CI P value
Length of stay (in days)b 9.57 9.01 - 10.14 < 0.001
Total hospitalization costsc $64,972 $59794 - $70,150 < 0.001

aRefer to Supplementary Material 2 (www.gastrores.org) for a full model of multivariate logistic regression analysis. bRefer to Supplementary Material 
3 (www.gastrores.org) for a full model of multivariate linear regression analysis. cRefer to Supplementary Material 4 (www.gastrores.org) for a full 
model of multivariate linear regression analysis. IBD: inflammatory bowel disease; CMV: cytomegalovirus; CI: confidence interval.

Table 3.  Multivariate Analysis Evaluating the Impact of CMV Infection on the Outcomes of Severe Disease, Mortality, Length of Stay 
and Total Hospitalization Charges Among All Patients With Ulcerative Colitis and Crohn’s Disease

Parameters
Ulcerative colitis Crohn’s disease

Adjusted odds ratio (95% CI) P value Adjusted odds ratio (95% CI) P value
In-hospital mortality 2.87 (1.36 - 6.06) 0.005 4.26 (1.14 - 15.86) 0.03
IBD severity
  Low Reference Reference
  Intermediate 2.27 (1.86 - 2.76) < 0.001 2.35 (1.77 - 3.10) P < 0.001
  Severe 3.38 (2.49 - 4.60) < 0.001 2.08 (1.20 - 3.60) P < 0.01

Average difference P value Average difference P value
Length of stay (in days) 11.71 (10.96 - 12.45) < 0.001 3.97 (3.04 - 4.89) < 0.001
Total hospitalization costs $61,304 (54,397 - 68,211) < 0.001 $64,157 (55,499 - 72,815) < 0.001

IBD: inflammatory bowel disease; CMV: cytomegalovirus; CI: confidence interval.
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sociations, there is still an ongoing debate about the causality 
of severe colitis by CMV infection or if CMV is an innocent 
bystander in the severely inflamed colonic mucosa. A meta-
analysis in adult patients with IBD showed no significant asso-
ciation of antiviral treatment with improved outcomes among 
patients with CMV-positive UC [34]. On the contrary, some 
studies have suggested that antivirals may be of benefit in pa-
tients with CMV infection associated with steroid-resistant UC 
[35-38]. Thus, CMV associated severe colitis continues to be a 
management dilemma regarding the use of antiviral therapies.

In our study, we did not find any significant association 
between CMV and IBD-related surgeries during the same hos-
pitalizations (P = 0.24). A recent multicenter European study 
evaluating the effect of CMV on pediatric IBD demonstrated 
no difference in the requirement for colectomy during the initial 
hospitalization between CMV-positive and -negative patients 
admitted with severe acute colitis (P = 0.17) [27]. Although they 
had a smaller sample size, during their 12-month follow-up pe-
riod, CMV-positive patients required more colectomy than their 
counterparts (P = 0.049) [27]. A similar population-based study 
in adults showed that CMV infection was associated with 2.5 
times increased risk of colectomy among UC patients, but no 
significant association was noted in CD patients (P = 0.60) [8].

Our study has various limitations which are inherent to 
large retrospective database analyses. We rely on the diagnos-
tic codes to categorize IBD and CMV infections, and manual 
coding errors need to be considered while interpreting the re-
sults. ICD-9 has only one code for CMV disease or infection 
and does not classify the different systems involved. Although 
CMV typically affects the gastrointestinal tract and causes 
colitis in IBD patients, the lack of a specific ICD code is a 
limitation. Further, we performed a subanalysis of last quarter 
of 2015 and 2016 both of which employed ICD-10 and had 
specific ICD codes for organ-specific CMV infection. We did 
not find any patients with CMV pneumonitis, hepatitis or pan-
creatitis, thus indirectly suggesting that majority of infections 
are likely related to the gastrointestinal system in IBD patients 
as suggested in prior studies [4-6]. Here, we cannot ascertain 
the causal relationship between IBD and CMV infection. Our 
study does not answer the questions whether severe colitis pre-
disposed to CMV infection or CMV infection resulted in se-
vere colitis in IBD patients. The modalities used for diagnosis 
of CMV infection such as polymerase chain reaction (PCR) 
(quantitative or qualitative) or immunohistochemistry stain-
ing, are not coded and hence not available for analysis and 
interpretation. Similarly, we do not have data on pharmaco-
logical interventions of IBD such as the dosage and duration 
of corticosteroids, immunomodulators, and biologic therapies 
which could potentially alter the predisposition and course of 
CMV infection. Further, the treatment of CMV with antivirals 
and its impact on clinical outcomes were not analyzed due to 
lack of data. Although the lack of medication data precluded 
us from doing predictive analysis, our results are still valid as 
they rely on the coding for CMV infection. Longitudinal data 
on patients with CMV and the requirement of surgery were 
not analyzed due to lack of data on follow-up and readmis-
sions. Despite these limitations, our study highlights various 
important facts. To our knowledge, this is the largest popula-
tion-based study evaluating the risk of CMV infection among 

pediatric IBD patients. Both the NIS and KID provide a large 
number of pediatric patients with IBD and CMV infection, 
which is otherwise difficult to achieve from single or multi-
center studies and allowed us to control for other risk factors 
of CMV infection in pediatric IBD patients.

Conclusions

In the past two decades, the prevalence of CMV infection has 
been increasing among pediatric IBD-related hospitalizations. 
CMV infection is associated with higher mortality, increased 
severity of IBD leading to accruing health care resource uti-
lization. Our study findings strengthen the evidence-based 
recommendations to evaluate for CMV colitis in all pediatric 
IBD patients hospitalized with severe disease. The increasing 
prevalence of IBD may put patients at increased risk of CMV 
infection. Further studies are required to understand better un-
derstand the factors influencing this rising trend.

Learning points

CMV infection is associated with severe colitis in pediatric 
IBD patients. Prevalence of CMV infection is increasing in 
both pediatric UC and CD patients. CMV infection is associat-
ed with increased risk of mortality and severity of the disease. 
CMV infection significantly corelated with prolonged hospital 
stay and increased hospitalization charges.

Supplementary Material

Suppl 1. Factors used for determining severity and stratifica-
tion scores.
Suppl 2. Multivariate logistic regression analysis of various 
factors associated with CMV infection in IBD-related hospi-
talizations.
Suppl 3. Multivariate linear regression analysis for length of 
stay in IBD patients with CMV infection.
Suppl 4. Multivariate linear regression analysis for total hospi-
talization charges in IBD patients with CMV infection.
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