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Abstract

Aim: Cytomegalovirus (CMV) infection is prevalent in patients with ulcerative colitis (UC),
particularly in severe, steroid-refractory cases, yet its role in disease exacerbation remains debated.
This retrospective cohort study included 110 patients with moderate-to-severe UC (as per Truelove
and Witts criteria) who underwent colonoscopy and CMV testing. The primary objective was to
investigate the correlation between tissue CMV DNA positivity, quantified via PCR, and endoscopic
activity scores (Mayo and Rachmilewitz), alongside associations with inflammatory markers and
recent steroid use. Materials and Methods: A retrospective cohort study included 110 UC patients
from a university clinic (January 2021-April 2024). Patients underwent colonoscopy with tissue and
blood PCR for CMV detection. Endoscopic activity was assessed using Mayo and Rachmilewitz
scores. Results: Our results showed that 37% of patients were tissue CMV-DNA over 250 copies, with
significantly higher Mayo scores (8.7 vs. 7.6, p=0.02), Rachmilewitz scores (8.6 vs. 7.4, p=0.03),
erythrocyte sedimentation rates (54.3 vs. 42.8, p=0.04), and serum CMYV levels (878.9 vs. 71.4, p=0.008).
Correlation analysis revealed positive associations between tissue CMV copy number and
sedimentation rates (r=0.22, p=0.01), serum CMV (r=0.37, p=0.0001), Mayo scores (r=0.18, p=0.05), and
Rachmilewitz scores (r=0.25, p=0.008). Logistic regression analysis indicated a 12-fold increased risk
of CMV positivity with recent steroid use (p=0.030). Conclusion: This study directly examines tissue
CMV-DNA positivity and endoscopic activity degrees. Our findings suggest that the presence of
CMV in colonic tissue may increase the endoscopic activity score in moderate to severe ulcerative
colitis. These results underscore the need for routine CMV screening and larger prospective studies
to clarify this interaction.

Keywords: cytomegalovirus; ulcerative colitis; endoscopic activity; Rachmilewits index; mayo score;
PCR; steroid use; inflammation

1. Introduction

Cytomegalovirus (CMV), a double-stranded DNA virus from the Herpesviridae family, can
present asymptomatically, with systemic symptoms, or as tissue-invasive disease. The
gastrointestinal tract is frequently affected, accounting for 30% of tissue-invasive cases in
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immunocompetent patients [1]. A high prevalence of CMV infection has been identified in patients
with ulcerative colitis, particularly in severe corticosteroid-refractory cases, where the infection rate
ranges from 20% to 40% based on diagnoses made using antigenemia and histological examination
of tissue biopsies [2,3]. In immunocompetent individuals, CMV colitis is predominantly
asymptomatic or manifests as a self-limiting condition [1,4]. However, it can potentially progress to
a chronic infection or establish a lifelong carrier state characterized by intermittent viral reactivation
[5]. CMV reactivation is commonly observed in cases of severe ulcerative colitis or patients exhibiting
resistance to corticosteroid therapy. Nonetheless, it remains unclear whether CMV plays a causative
role in exacerbating ulcerative colitis or merely represents an incidental finding associated with
severe disease states [6,7]. On the other hand, some studies have suggested that there may be a close
relationship between inflammation promoting viral expression and viral replication exacerbating
inflammation [8]. The optimal approach for diagnosing CMV colitis remains unclear; however,
Haematoxylin and Eosin (H&E) staining, immunohistochemistry (IHC), and tissue PCR are
considered the preferred methods for detecting CMV in colonic tissue. These techniques are deemed
more reliable for assessing CMV involvement in colitis than antigenemia testing, IgM serology, or
CMYV DNA PCR analysis [7,9]. Conversely, the delayed results of methods such as H&E staining in
patients with acute severe ulcerative colitis may postpone the initiation of treatment for CMV-
complicated colitis, potentially leading to serious complications [10,11]. Therefore, the European
Crohn's and Colitis Organization (ECCO) guidelines recommend initiating of antiviral therapy in
patients identified with CMV reactivation [12]. The Mayo Scoring System and the Rachmilewitz
Index are commonly used tools for assessing the activity of UC [13,14]. These indices help in
evaluating disease severity and guiding treatment decisions [15,16]. Some studies, albeit indirectly,
have demonstrated that histologically confirmed CMV infection in colonic tissue is associated with
increased inflammatory activity and elevated endoscopic activity scores in patients with UC
[3,6,17,18]. However, there is a limited number of studies examining the direct impact of CMV
detection through PCR in tissue samples on inflammatory and endoscopic severity. This study aims
to compare the quantitative levels of CMV DNA, measured via PCR in tissue samples from ulcerative
colitis patients experiencing moderate to severe flares — classified according to the Truelove and Witts
criteria—with their corresponding endoscopic activity scores. Furthermore, we seek to evaluate the
potential correlation between the presence of CMV and disease severity in this context.

2. Material and Method

This study was approved by the Ethics Committee of XXX on April 4, 2024 (approval number:
2024000169-1; file number: 2024/169). Since the study was designed as a retrospective analysis, an
informed consent form was not necessary.

2.1. Patient Selection

Between January 2021 and April 2024, a total of 231 patients diagnosed with moderate-to-severe
colitis according to the Truelove and Witts criteria were identified at the university's
Gastroenterology Clinic. Of these, 110 ulcerative colitis patients who underwent colonoscopy or
flexible rectosigmoidoscopy and had tissue and blood PCR samples collected for histopathological
and CMYV analysis were included in the study. Among the remaining 121 patients, 71 had undergone
colonoscopy or rectosigmoidoscopy within the preceding 6 months, and thus, repeat procedures
were not performed. Four patients were clinically critical, requiring hospitalization and intravenous
steroid and supportive therapy, leading to their exclusion from the study results. The remaining
patients were excluded because they either did not consent to the endoscopic procedure or the
procedure could not be performed (Figure 1). The demographic characteristics of the patients, age at
diagnosis, follow-up durations, laboratory findings at the time of admission, daily defecation
frequencies, quantitative results of serum CMV PCR tests, endoscopic Mayo Clinical and
Rachmilewitz scores, tissue biopsy results, and quantitative results of tissue CMV PCR tests were
recorded.
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Moderate-to-severe colitis
N=231

Excluded (n=121)
Colonoscopy/rectosigmoidoscopy

within preceding 6 months (n=71)
Procedure could not be performed (n=46)
Critically ill patients (n=4)

Tissue CMV PCR
negative

(n=69)

Tissue CMV PCR
positive

(n=41)

Figure 1. Flowchart of the participants; CMV PCR: cytomegalovirus polymerase chain reaction.

2.2. Endoscopic Procedures and Tissue Sampling

All endoscopic procedures were performed using the Fujinon EC-760R standard colonoscope by
gastroenterologists with at least 2 years of experience in the field. After determining the Modified
Mayo Score and Rachmilewitz endoscopic activity index of patients clinically suspected of having
moderate or severe colitis according to Truelove and Witts criteria (Table 1) [14,16]. Biopsy samples
were collected. For PCR analysis, a single bite sufficient to fill the forceps was taken using standard
disposable colonoscopic forceps (2.8 mm Micro-Tech Endoscopy USA) and transferred to the PCR
laboratory in serum saline under appropriate conditions and speed. In samples of similar sizes
obtained from colon tissue, a threshold value of 250 copies of CMV DNA as detected by RT-PCR is
accepted as indicative of a positive presence of CMV [19]. For other histochemical analyses, multiple
samples were collected using the same forceps and sent for pathological examination in 4% formalin
solution.

Table 1. Modified Mayo Score and Rachmilewitz Endoscopic Activity Index.

Modified Mayo Score
Score 0 1 2 3

Normal 3-4 more than 4-5 more than
Stool frequency 1-2 more than normal
normal normal
Rectal bleed No bleed Streaks of blood w1t}} stool  Obvious blqod Blood alone
less than half the time most of the time
Endoscopic findings Normal Mild Moderate Severe
Physician Global Assessment Normal Mild Moderate Severe
Rachmilewitz Endoscopic Activity Index
Score 0 2 4
Granulation scattering reflected light No Yes
Vascular appereance Normal Faded/disturbed Completely absent
. . Spontaneous
Fragility of mucosa None Contact bleeding bleeding
Mucosal damage (mucus, fibrin, None Slight Pronounced

exudate, erosion, ulcer)
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2.3. Statistics

Participants from the active ulcerative colitis group were divided into two groups: those with
CMV colitis and those without. The study investigated whether there were differences between the
two groups in terms of basic laboratory values, inflammatory markers, endoscopic and clinical
disease activity scores, steroid use, and the amount of steroids used. Distribution analysis of the
variables was performed using the Kolmogorov-Smirnov test. For parametric variables, independent
sample t-tests were applied, while for non-parametric variables, the Mann-Whitney U test was used.
Pearson's chi-square test was employed to compare categorical variables between the groups. The
confidence interval (CI) was set at 95%, and a significance level of P < .05 was considered statistically
significant. Power analysis was conducted using nQuery Advisor version 7, and statistical analyses
were performed using the Statistical Package for Social Sciences (SPSS) version 26.

3. Results

Patients were divided into two groups based on whether their tissue CMV PCR test results were
positive (n=41) or negative (n=69). The study evaluated the presence of CMV in colon tissue samples
and CMV DNA copy numbers, examining their relationships with endoscopic activity grades,
quantitative serum CMV DNA PCR values, CRP, and sedimentation levels in both groups, as well as
their association with stool frequency (Table 2).

A comparison was made between patients with CMV-positive ulcerative colitis (UC) and CMV-
negative UC. No significant difference was observed in age (p = 0.93), diagnosis age (p = 0.38), white
blood cell count (WBC) (p = 0.8), C-reactive protein (CRP) (p = 0.5), or daily defecation between the
two groups. The proportion of females was significantly higher in the CMV-negative UC group (56%)
compared to the CMV-positive UC group (42%) (p = 0.001). There was no significant difference in the
proportion of males between the two groups (p=0.8). Follow-up time was significantly longer in the
CMV-negative UC group (88 weeks) compared to the CMV-positive UC group (59.4 weeks) (p =0.02).
Erythrocyte sedimentation rate (ESR) was significantly higher in the CMV-positive UC group (54.3)
compared to the CMV-negative UC group (42.8) (p =0.04). CMV PCR serum levels were significantly
elevated in the CMV-positive UC group (878.9) compared to the CMV-negative UC group (71.4) (p =
0.008). Rachmilewitz EAI was significantly higher in the CMV-positive UC group (8.6) compared to
the CMV-negative UC group (7.4) (p = 0.03). Mayo score was significantly higher in the CMV-positive
UC group (8.7) compared to the CMV-negative UC group (7.6) (p = 0.02). The correlation analysis
between tissue CMV DNA copy number and various parameters is shown in Table 3.

Table 2 presents the correlation analysis of CMV-PCR tissue copy number with various
parameters using the non-parametric Spearman method. The analysis revealed no statistically
significant correlation between WBC and CMV-PCR tissue copy number. Similarly, daily defecation
(r=0.1, p=0.29), age (r = 0.01, p = 0.8), diagnosis age (r = 0.1, p = 0.27), and CRP (r = 0.13, p = 0.16)
showed no significant correlation with CMV-PCR tissue copy number. However, a statistically
significant positive correlation was observed between sedimentation rates and CMV-PCR serum (r =
0.22, p =0.01). Furthermore, CMV PCR serum exhibited a significant positive correlation (r = 0.37, p
=0.0001). A statistically significant correlation was also found for a Mayo Score (r = 0.18, p = 0.05) and
Rachmilewitz EAI (r = 0.25, p = 0.008).

Logistic regression analysis was performed to determine the association between CMV DNA
detection in tissue samples and the use of steroids or anti-TNF drugs in the preceding year (Table 4).

Logistic regression analysis was performed to identify predictors of CMV PCR positivity in
tissues. The results, as shown in Table 2, indicated that steroid usage within the last 3 months was a
significant predictor of CMV PCR positivity (p = 0.030). The odds ratio (Exp(B)) for steroid usage was
12.191, suggesting that individuals who used steroids in the last 3 months had approximately 12 times
higher odds of CMV PCR positivity compared to those who did not. The 95% confidence interval for
the odds ratio ranged from 1.281 to 116.032. Mayo Score (p = 0.472), Rachmilewitz (p = 0.440), Anti-
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TNF usage (p = 0.555), CRP (p = 0.735), and Sedim (p = 0.460) were not significantly associated with
CMV PCR positivity in this model.

Table 2. Comparison of some parameters between CMV + and CMV - active ulcerative colitis patients.

CMV positive UC CMYV negative UC

(n=41) (n=69) p value
Age (year) 45.6+19.9 45.9+117.53.9 0.93
Female, n (%) 21 (42%) 21 (31%) 0.001*
Male, n (%) 20 (58%) 48 (69%) 0.8
Diagnosis age 40.9+19.8 37.6+17.9 0.38
Follow up time (weeks) 59.4+60.7 88+72.2 0.02
WBC 10.1+10.8 9.6+4.2 0.8
CRP 39.9+44.6 33.8+51 0.5
ESR (sedim) 54.3+28.9 42.8+28.3 0.04
Daily defecation 10.1+6 9.5+7.1 0.6
CMYV PCR serum 878.9+2473 71.4+316.6 0.008
Rachmilewitz EAI 8.6:2.6 7 4431 0.03
Mayo Score

8.7+2.4 7.6+3.5 0.02

Abbreviations: WBC: white blood cell, ESR: erythrocyte sedimatation rate.

Table 3. Correlation analysis of CMV-PCR tissue copy number with different parameters (non-parametric

Spearman).

Correlation r p
WBC -0.16 0.09
Daily defecation 0.1 0.29
Age 0.01 0.8
Diagnosis age 0.1 0.27
CRP 0.13 0.16
Sedim 0.22 0.01
CMV PCR serum 0.37 0.0001
Mayo Score 0.18 0.05
Rachmilewitz Endoscopic Activity Index 0.25 0.008

Table 4. Logistic regression analysis for prediction of the CMV PCR positivity in tissues.

B Wald p  Exp(B) 95% C.Lfor EXP(B)

Lower Upper

Mayo Score -0.15 051 047 0.85 0.55 1.31
Rachmilewitz 018 059 044 1.2 0.75 1.91

Anti TNF usage -0.7 034 0.55 0.49 0.04 5.18

Results Steroid usage in last 3 months 25 473 0.03 12.1 12 116.03
CRP -003 011 073 0.99 0.97 1.01

Sedim 0.01 054 046 1.01 0.97 1.05

Constant 47 463 0.03 0.009

4. Discussion

The association between cytomegalovirus (CMV) infection and inflammatory bowel disease
continues to be a debated topic. CMV infection is commonly observed in ulcerative colitis (UC) and
may be detrimental. Diagnosis of CMV reactivation necessitates in situ detection of viral markers via
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immunohistochemistry or nucleic acid amplification, with quantification of infection density being
crucial. While CMV reactivation may be considered an innocent bystander in refractory UC
exacerbations, accumulating evidence suggests a deleterious role [7,15,20]. The existing data remain
inconclusive regarding whether CMV exacerbates inflammation in individuals with severe colitis or
merely represents an opportunistic finding associated with severe disease [21]. Small, retrospective
studies and varying definitions for disease severity and CMV disease often limit the interpretation of
existing results. CMV colitis is rare in patients with Crohn's disease or mild-to-moderate ulcerative
colitis. In patients with severe and/or steroid-refractory ulcerative colitis, local reactivation of CMV
can be detected in approximately 21-36% of cases in actively inflamed colon tissue [11,22-24]. Also
CMYV infection may represent a significant factor in the development of therapeutic resistance in IBD,
particularly in cases of severe UC [25]. In our study, consistent with the existing literature, tissue
CMV DNA positivity was detected in 37% of moderate-to-severe UC patients based on samples
obtained with endoscopic procedures.

In patients with IBD, mucosal damage can compromise the intestinal mechanical barrier,
potentially predisposing them to viral infections [26]. Consequently, these patients may exhibit a
heightened systemic inflammatory response. It is established that patients with severe ulcerative
colitis demonstrate elevated laboratory parameters indicative of an inflammatory response compared
to those with inactive disease [27]. Furthermore, some studies indicate that in endoscopically active
ulcerative colitis, the presence of CMV in tissue samples is associated with higher levels of
inflammatory response parameters such as Erythrocyte Sedimentation Rate ESR and CRP compared
to those without detectable CMV [2,22,28]. In our findings, despite similar clinical and endoscopic
features between the two groups, we did not observe a significant difference in WBC count and CRP
levels, which are indicative of acute inflammation. However, we demonstrated that ESR, a marker of
more prolonged inflammation, was statistically significantly higher in patients with tissue CMV
positivity. The similarity in clinical findings at the time of patient enrollment may explain the lack of
difference in acute-phase inflammatory markers. Furthermore, the presence of CMV in tissue may
have increased chronic inflammation over the long term, thereby elevating ESR.

The endoscopic evaluation of mucosal damage plays a crucial role in assessing the severity of
UC. While both established and novel biomarkers, including fecal calprotectin and histopathological
scoring, offer supplementary insights into biological disease activity, endoscopy remains the gold
standard for an objective evaluation of the disease [29]. Consequently, routine endoscopic procedures
for evaluating disease status are advocated in the clinical management guidelines by the American
College of Gastroenterology, the international consensus statement known as STRIDE (Selecting
Therapeutic Targets in Inflammatory Bowel Disease), and by regulatory authorities within the
context of clinical trials [30]. The primary objective of our study was to investigate the relationship
between the presence and copy number of CMV, detected by tissue rtPCR, and the degree of
endoscopic activity in patients with moderate to severe UC. To achieve this aim, we employed the
Mayo and Rachmilewitz scoring systems, which have been in use for nearly three decades and are
well familiar to clinicians [29]. In our study, we evaluated the effect of tissue CMV PCR presence on
the degree of endoscopic activation using various statistical methods. The average Mayo clinical score
in tissue CMV positive patients was found to be 8.7, while in CMV negative patients, this value was
7.6. This difference is statistically significant. Additionally, the Rachmilewitz EAI score was
determined to be 8.6 in CMV positive patients and 7.4 in CMV negative patients. This difference was
also statistically significant. Correlation analysis demonstrated a positive correlation between the
tissue CMV copy number and both the Mayo and Rachmilewitz scores. Our findings indicate that
there is a higher disease activity in patients who are CMV tissue PCR positive. On the other hand, to
understand whether high activity indices serve as indicators of tissue CMV positivity, logistic
regression analysis was performed; however, it was observed that neither the elevation of the Mayo
score nor the Rachmilewitz score had a significant effect on predicting tissue CMV positivity. The
literature contains a limited number of studies examining CMV positivity and endoscopic findings
during ulcerative colitis flare-ups [31-33]. Suzuki et al. reported that the sensitivity of irregular
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ulceration for detecting positive CMV was 100%, while the specificity of wide mucosal defects was
95%. Additionally, punched-out and longitudinal ulcerations demonstrated relatively high
sensitivity and specificity, exceeding 70% for each, and Yang et al. also reported similar findings
[31,33]. In the literature, no study has been found that directly examines both CMV tissue DNA
positivity and the degree of endoscopic activity as in our study. Only one study involving 25 patients
with CMV PCR positivity in tissue reported endoscopic activity scores before and after treatment. In
that study, the median Rachmilewitz score prior to treatment was found to be 10 (7-12), similar to
our findings. Additionally, no significant difference was observed between the endoscopic activity
scores during the flare and after treatment in these patients [6].

Cytomegalovirus (CMV) infection has been implicated as a contributing factor in the relapse of
IBD [33]. This association has been predominantly noted in patients with UC, particularly among
those undergoing high-dose corticosteroid therapy [34]. In our study, logistic regression analysis was
conducted to predict tissue CMV PCR positivity, which demonstrated no association with anti-TNF
use. However, steroid use within the preceding three months was found to be significantly associated
with tissue CMV DNA positivity, resulting in a 12-fold increase in risk.

In contemporary medical research, sufficient diagnostic criteria related to CMV copy numbers
for confirming the presence of CMV infection in ulcerative colitis or in colon tissue under
immunosuppressive conditions have yet to be developed [19]. In our study, cases were classified as
CMV-positive solely based on tissue CMV DNA copy numbers exceeding 250. Among the 41 patients
meeting this criterion, histopathological examination revealed features consistent with classic CMV
infection in only 3 cases. Although a copy number of 250 or higher in tissue, coupled with clinical
findings, is often deemed sufficient for diagnostic purposes by certain guidelines, numerous sources
continue to prioritize histopathological evidence for confirming CMV positivity [35-37].
Consequently, to reflect this nuance, we employed the term "patients with tissue CMV DNA
positivity" rather than "patients with CMV infection" in our analysis.

Our study has several limitations. Primarily, it was designed as a single centered, retrospective
cohort study. A total of 110 patients were included; this sample size may limit the generalizability of
the results and could have reduced the statistical power of the study. Furthermore, its single-center
nature hinders the extrapolation of findings to a broader population. Endoscopic scoring systems
such as the Mayo and Rachmilewitz scores, which rely on the endoscopist's observations and
expertise, may introduce potential bias despite the established validity of these systems. Finally, the
limited number of similar studies in the literature poses challenges in comparatively validating our
findings.

In conclusion, this study highlights the significant association between CMV presence and the
severity of UC, underscoring the importance of proactive diagnostic and therapeutic strategies. Our
analysis demonstrated that CMV DNA positivity in tissue samples is associated with higher Modified
Mayo Clinical and Rachmilewitz endoscopic activity scores, elevated erythrocyte sedimentation
rates, and increased serum CMYV levels, with a 12-fold greater risk observed in patients with recent
steroid use. Clinically, routine CMV screening, particularly in steroid-refractory cases, appears
crucial for enabling timely antiviral treatment and improving patient outcomes. Although limitations
such as the retrospective design, single-center nature, and small sample size may restrict the
generalizability of our findings, future research should involve larger, multi-center prospective
studies to better elucidate the interaction between CMV infection and UC progression.
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