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Abstract: Cytomegalovirus (CMYV) infection is associated with exacerbation of disease activity in
patients with ulcerative colitis (UC). However, the risk factors for CMV reactivation in this population
remain debatable. This meta-analysis was performed to identify the risk factors for CMV reactivation
in UC patients. PubMed, Cochrane Library, EMBASE, Web of Science, and China National Knowledge
Infrastructure were searched from the inception of these databases to 31 August 2021, with the aim
of identifying studies that investigated the risk factors of CMV reactivation in UC patients. A
quality assessment of the included studies was performed with the Newcastle-Ottawa Scale. The
publication bias was assessed respectively via a funnel plot and Egger’s regression asymmetry test.
The robustness and reliability of each outcome were evaluated by sensitivity analysis. Twenty studies
were included in the final meta-analysis, comprising a total of 2099 patients with UC. A significantly
higher risk of CMV reactivation was observed in patients with severe UC (OR = 1.465, 95% CI: 1.107
to 1.939, p = 0.008), pancolitis (OR = 2.108, 95% CI: 1.586 to 2.800, p = 0.0001), older age of UC onset
(MD = 6.212, 95% CI: 2.552 to 9.971, p = 0.001), as well as use of glucocorticoids (OR = 4.175, 95%
CI: 3.076 to 5.666, p = 0.001), immunosuppressants (OR = 1.795, 95% CI: 1.289 to 2.501, p = 0.001),
and azathioprine (OR = 1.444, 95% CI: 1.012 to 2.061, p = 0.043). However, infliximab treatment was
observed not to increase the occurrence of CMV reactivation in patients who suffered from UC. In
contrast, 5-aminosalicylic acid (OR = 0.674, 95% CI: 0.492 to 0.924, p = 0.014) was associated with a
lower risk of CMV reactivation. Patients with UC should be closely monitored for risk factors of
CMV reactivation in order to provide timely diagnosis and antiviral treatment.

Keywords: ulcerative colitis; cytomegalovirus; risk factors; meta-analysis

1. Introduction

The prevalence of ulcerative colitis (UC) has steadily increased over the last few
decades [1], particularly in Europe, Canada, and the United States [2,3]. The etiology of UC
is linked to a dysregulated immune response to normal mucosal resident microflora, genetic
susceptibility, and infection, among other influences [4,5]. However, the accumulating
literature indicates that human cytomegalovirus (CMV) raises the risk of colectomy and
mortality in patients with UC [6]. CMYV, which belongs to the Herpesviridae family, is
an opportunistic virus with latent and reactivated characteristics [7]. CMV can remain
quiescent inside a human host, but CMV replication is further activated in circumstances
of immune imbalance [8]. Therefore, patients with UC are more susceptible to CMV
reactivation due to a compromised intestinal immunological barrier, as well as exposure
to numerous immunosuppressive agents [9,10]. The risk of reactivation of CMV has been
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reported to range from 21% to 34% in patients with severe UC and from 32% to 36%
in patients with the steroid-refractory disease [11,12]. It is generally believed that CMV
reactivation is a poor prognostic indicator among patients with UC flares [13]. This can be
compounded by the inflammatory reaction and exacerbated colonic damage associated
with CMV reactivation [14]. Notably, the risk of colectomy in UC patients with steroid-
refractory disease appears to be lower in patients on antiviral therapy [15]. The European
Crohn’s and Colitis Organization guidelines suggest prompt antiviral therapy when acute
severe colitis patients have CMV reactivation [16,17]. However, it is still controversial
whether the extent and severity of the UC, as well as the application of immunosuppressive
agents, are related to CMYV reactivation [6,12]. This study aimed to conduct a meta-analysis
to evaluate the risk factors for CMV reactivation in UC patients.

2. Materials and Methods
2.1. Literature and Search Strategy

A comprehensive literature search of electronic databases, including PubMed, Cochrane
Library, EMBASE, Web of Science, and China National Knowledge Infrastructure, was
performed, from the inception of these databases to 31 August 2021. We retrieved stud-
ies assessing CMV reactivation in UC using the following keywords in accordance with
Boolean logic: (“ulcerative colitis” OR “UC” OR “inflammatory bowel disease” OR “IBD”
OR “colitis gravis” OR “ulcerative colitis type” OR “idiopathic proctocolitis”) and (“cy-
tomegalovirus” OR “CMV” OR “salivary gland virus” OR “herpesvirus 5 OR “HHV 5”).
Beyond this, references from the included articles were also manually searched to identify
other potential qualifying studies that may have been missed by the database searches.

2.2. Inclusion and Exclusion Criteria

The articles were included in this meta-analysis as long as they met the criteria
of PICOS: (I) Population: Patients with a definitive diagnosis of UC; (II) Intervention:
Different disease features and therapeutic options; (IlI) Comparison: UC patients with or
without CMV reactivation (diagnostic criteria: Intestinal tissue H&E staining reveals CMV
inclusion bodies; CMV-DNA positive in intestinal tissue; CMV-DNA or pp65 positive in
blood with typical deep intestinal ulcers); (IV) Outcome measures: UC severity, pancolitis,
glucocorticoid, immunosuppressants, azathioprine, infliximab, 5-aminosalicylic acid (5-
ASA), and age of onset; (V) Study design: An official published case-control study, cohort
study, or randomized controlled trial (RCT). Exclusion criteria: (I) Diagnosis of CMV
reactivation only based on the positive serological antibody or endoscopic performance, but
the serological test is negative; (II) abstract, letter, editorial, expert opinion, or case report;
(III) non-comparative study; (IV) study design not rigorous; (V) inadequate raw data.

2.3. Data Extraction and Outcome Measures

Two of the reviewers (Y.Q. and D.K.) independently extracted data from the included
studies. The following essential information was captured: First, author name, year of pub-
lication, sample size, study design, outcomes, and other relevant data. The data collection
and refinement statistics were summarized. Where there were conflicts of opinion, the final
decision was made by another authority author (H.W.). The outcome measurements were
UC severity, pancolitis, age of onset, glucocorticoid, immunosuppressants, azathioprine,
infliximab, and 5-ASA.

2.4. Quality Assessment and Statistical Analysis

The methodological quality of the included case—control and cohort studies was eval-
uated using the Newcastle-Ottawa Scale (NOS) [18]. The literature quality evaluation
was conducted separately by two reviewers (G.L. and H.Q.). A consensus was reached
through consultation for divergence. We used Stata version 15.1 (Stata Corporation, College
Station, TX, USA) for statistical analyses. When 12 > 50%, the data were deemed to have
apparent heterogeneity. We conducted a meta-analysis using a random-effect model ac-
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cording to the Cochrane Handbook for Systematic Reviews of Interventions (version 5.1.0).
Otherwise, a fixed-effect model was conducted. For continuous variables (age of onset),
weighted mean difference (WMD) was expressed for assessment. Odds ratio (OR) was
applied for the assessment of categorical variables (UC severity, pancolitis, glucocorticoid,
immunosuppressants, azathioprine, infliximab, and 5-ASA).

2.5. Publication Bias

Publication bias was assessed respectively via a funnel plot and calculation of Egger’s
regression asymmetry test [19].

2.6. Sensitivity Analysis

The robustness and reliability of each outcome were evaluated by sensitivity analy-
sis. Sensitivity analysis of the effects was carried out by omitting each trial in turn and
recalculating the pooled effect size [20].

3. Results
3.1. Search Results

A total of 495 studies were identified on the initial database search. We collected
405 articles after removing duplicates. By screening the abstract, 363 studies were omit-
ted. Another 22 articles were further excluded after reading the full text. Ultimately,
20 publications [6,8,9,12,21-36] were eligible for data extraction and meta-analysis (Figure 1).

§ Records identified through Additional records identified through
§ database searching other sources
= n=495 n=0
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=
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2 y
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=
_.cgn y
i Records screened #1=22
Records screened case reports H=2
n=42 " | Irelevant information =10
non-comparative studies #=10
3 4
E
= Studies included in
£ quantitative synthesis
meta-analysis
1n=20

Figure 1. Flow chart illustrating the selection process for the articles included in the present
meta-analysis.

3.2. Characteristics of the Included Studies

The characteristics of the 20 included studies are summarized in Table 1. The included
studies comprised 2099 UC patients who were incorporated into this analysis; of these,
591 patients had CMV reactivation and 1508 patients were CMV negative.
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Table 1. The basic characteristics of the studies included in the meta-analysis.

Study Group Gender Age * Disease Duration (Years)
Author Year Country S;‘;:i };1 " CMV+ CMV- . "
g CMV CMV (M/B) (M/P) (@1%4% CMV CMV CMV
Matsuoka [25] 2007 Japan  Retrospective 25 23 12/13 17/6 42+ 145 3724112  485+3.85  535+5.00
Omiya [28] 2010 Japan  Prospective 7 13 NA NA NA NA NA NA
Suzuki [31] 2010 Japan Retrospective 15 58 8/7 26/32 NA NA 714 +741 412 +£739
Criscuoli [8] 2011 Italy Prospective 28 57 19/9 31/26 NA NA NA NA
Kim [12] 2012 Korea Prospective 31 41 20/11 28/13 43.1+154 434 +14.1 2.4 +2.65 3.7 +£494
Inokuchi [23] 2014 Japan Retrospective 40 78 26/14 31/47 45+ 14.2 36 £125 1.5 £0.60 4.6+ 053
Chun [21] 2015 Korea Retrospective 12 31 6/6 14/17 NA NA NA NA
McCurdy [26] 2015 USA Retrospective 45 139 NA NA NA NA NA NA
Pillet [30] 2015 France  Prospective 39 70 28/11 44/26 512 £17.0 46.5 £18.0 6.59 £+ 7.00 6.67 £+ 6.75
Hirayama [22] 2016 Japan  Retrospective 34 115 19/15 64/51 423+144 290+ 144 46 +49 6.0+74
Lee [6] 2016 Korea Retrospective 50 99 30/20 50/49 45 £ 14.75 42 £10.33 224325 471483
ORMECI [29] 2016 Turkey  Retrospective 8 35 6/2 17/18 NA NA NA NA
Zagorowicz [32] 2016 Poland  Retrospective 33 62 22/11 39/23 NA NA NA NA
Henmi [9] 2018 Japan Retrospective 26 60 15/11 38/22 55.0 £13.2 418 £16.2 5.95 +5.07 6.67 & 7.45
Levin [24] 2017 USA Retrospective 13 15 6/7 12/3 NA NA NA NA
Nowacki [27] 2018 Germany Retrospective 34 205 25/9 108/97 37+17.8 36 +18.9 9.0 +84 44+73
Feng [35] 2016 China Retrospective 31 60 18/13 39/21 NA NA NA NA
Xu [36] 2016 China Retrospective 49 143 28/21 82/61 NA NA NA NA
Li [34] 2019 China Retrospective 34 91 21/13 49/42 NA NA 3.92 +1.83 4.84 £231
Zhang [33] 2018 China Retrospective 37 113 23/14 61/52 NA NA 3.94 £1.95 4.86 £ 2.32

* The age of the patients when the disease was first diagnosed; CMV = cytomegalovirus; M = male; F = female; NA = not available.

3.3. Study Quality and Risk of Bias

The NOS results suggested that all eligible studies in this meta-analysis were of high
quality, because their scores were equal to or greater than seven points. The details of the
study quality assessments are presented in Table 2.

Table 2. Quality assessment using the NOS for risk of bias of studies included in the meta-analysis.

Study Year Selection Comparability  Exposure Total
Matsuoka 2007 4 3 2 9
Omiya 2010 4 2 2 8
Suzuki 2010 4 2 3 9
Criscuoli 2011 4 2 2 8
Kim 2012 4 2 3 9
Inokuchi 2014 3 3 2 8
Chun 2015 4 2 3 9
McCurdy 2015 4 2 3 9
Pillet 2015 4 2 3 9
Hirayama 2016 3 2 3 8
Lee 2016 4 2 3 9
ORMECI 2016 4 2 2 8
Zagobrowicz 2016 3 2 2 7
Henmi 2018 3 2 3 8
Levin 2017 4 2 3 9
Nowacki 2018 4 1 3 8
Feng 2016 4 1 3 8
Xu 2016 4 2 2 8
Li 2019 3 2 2 7
Zhang 2018 4 1 3 8

NOS = Newcastle-Ottawa Scale.

3.4. Publication Bias

For outcomes (severe UC, pancolitis, glucocorticoid, and immunosuppressants) that
were reported in more than 10 articles, Figure 2 indicates that the funnel plot was symmetri-
cal. Meanwhile, Egger’s tests were used to statistically assess the funnel plot symmetry for
all outcomes. The Egger’s tests did not indicate the presence of publication bias (Figure 3),
and the specific outcomes are shown in Table 3.
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Figure 2. Funnel plot analysis for the publication bias assessment: (A) Severe UC; (B) pancolitis;

(C) glucocorticoids; (D) immunosuppressants.
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Figure 3. Egger’s publication bias plot: (A) Severe UC; (B) pancolitis; (C) age of onset; (D) glucocorti-
coids; (E) immunosuppressants; (F) azathioprine; (G) 5-ASA; (H) infliximab. UC = ulcerative colitis;
5-ASA = 5-aminosalicylic acid; SND = standard normal deviation; CI = confidence interval.
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Table 3. The results of the Egger’s tests for outcomes.

Ngggf;"f Std_Eff t p> 1t 95% CI
Severe UC 10 Slope —0.24 0.813 —1.521 1.231
Bias 0.88 0.404 —1.866 4172
Pancolitis 14 Slope 1.66 0.123 —0.206 —1.442
Bias 0.17 0.868 —1.442 1.686
Age of onset 8 Slope 0.87 0.419 —22.170 9.180
Bias —0.42 0.690 —12.965 9.180
Glucocorticoids 14 Slope 1.28 0.224 —0.477 1.841
Bias 1.40 0.186 —0.688 3.184
Immunosuppressants 15 Slope 0.48 0.642 —1.186 1.854
Bias 0.50 0.623 —2.391 3.598
Azathioprine 8 Slope 0.41 0.699 —1.430 1.998
Bias 0.12 0.906 —3.169 3.507
5-ASA 9 Slope —1.66 0.140 —2.285 0.399
Bias 0.99 0.354 —1.554 3.803
Infliximab 7 Slope 0.87 0.423 —1.860 3.770
Bias —0.24 0.821 —5.632 4.675

UC = ulcerative colitis; 5-ASA = 5-aminosalicylic acid.

3.5. Outcomes of the Meta-Analysis

3.5.1. Severe UC
All UC patients were evaluated by the modified Mayo scoring system and modi-

fied Truelove and Witts scoring system. The number of patients with mild-to-moderate
and severe UC was extracted from ten articles. The findings indicate that the risk of
CMYV reactivation in severe UC was 1.465 times higher than that in mild-to-moderate UC
(heterogeneity I? = 0.0%, p = 0.858, OR = 1.465, 95% CI: 1.107 to 1.939, p = 0.008; Figure 4).

%

Author Year OR (95% Cl) Weight
|
Suzuki 2010 ' + 1,61 (0.50, 5.22) 5.12
Criscuoli 2011 l 0.84 (0.33, 2.10) 12,07
i
Inokuchi 2014 —:—o— 1.66 (0.77, 3.59) 12.32
Chun 2015 E > 1.94 (050, 7.49) 3.69
|
McCurdy 2015 —4—5— 1.20 (0.59, 2.44) 16.85
Hirayama 2016 l 1.56 (0.67, 3.60) 10.18
.
Feng 2016 . 2.41 (0.80, 7.25) 550
Xu 2016 : 2.35 (1.02, 5.43) 9.98
|
Li 2019 : 1.17 (0.48, 2.84) 11.26
Zhang 2018 -~ E 1.1 (0.49, 2.56) 13.03
Overall (I-squared = 0.0%, p = 0.858) <> 1.47 (1.1, 1.94) 100.00
;
i
i
|
: T
0.134 7.49

Figure 4. A forest plot diagram showing severe UC. UC = ulcerative colitis; OR = odds ratio.
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3.5.2. Pancolitis

Fourteen articles documented colonoscopy results in patients with UC to determine
the extent of intestinal lesions. There was no significant heterogeneity in the statistical
results of the pooled literature (I?> = 0.0%, p = 0.507). The results of the fixed-effect model
showed that the existence of pancolitis could increase the probability of CMV reactivation
(OR =2.108, 95% CI: 1.586 to 2.800, p = 0.0001; Figure 5).

%

Author Year OR (95% Cl) Weight
| 1
Matsuoka 2007 —O—E— 0.88 (0.23, 3.40) 6.46
Omiya 2010 - - > 7.1 (0.33, 153.77) 0.62
Suzuki 2010 ——OE— 1.52 (0.38, 6.12) 4.96
Criscuoli 2011 —LO—— 1.49 (0.60, 3.74) 10.78
Inokuchi 2014 —_ 1,63 (0.62, 4.25) 9.88
Chun 2015 —E—O— 7.33 (1.60, 33.51) 1.80
Hirayama 2016 i—o— 5.65 (2.18, 14.69) 6.01
Lee 2016 :—% 2.61(0.30, 22.93) 1.81
ORMECI 2016 + E 0.76 (0.03, 20.39) 1.09
Henmi 2018 _-0-—;— 1.11 (0.20, 6.14) 3.65
Nowacki 2018 —_— 2.97 (1.30, 6.79) 10.00
Xu 2016 4 1.68 (0.82, 3.45) 17.30
Li 2019 4 1.80 (0.77, 4.20) 11.95
Zhang 2018 —_—— 1.75 (0.79, 3.88) 13.69
Overall (I-squared = 0.0%, p = 0.507) <> 2.11 (1.59, 2.80) 100.00
|
|
I I
0.0065 1 154

Figure 5. A forest plot diagram showing pancolitis. OR = odds ratio.

3.5.3. Age of Onset

Eight publications focused on the age of UC patients with CMV reactivation. The het-
erogeneity test of the included studies demonstrated substantial heterogeneity (1> = 64.6%,
p = 0.006). The results of the random-effect model showed that older age of onset of UC
was associated with a higher likelihood of CMV reactivation (MD = 6.212, 95% CI: 2.552 to
9.971, p = 0.001; Figure 6).

3.5.4. Glucocorticoids

Fourteen articles described the possibility of CMV reactivation in UC patients treated
with glucocorticoids. The heterogeneity test indicated that there was no heterogeneity
(I? = 38.1%, p = 0.073). The results of the fixed analysis indicated that UC patients on
glucocorticoids were 4.175 times more likely to experience CMV reactivation compared
to those without glucocorticoid therapy (OR = 4.175, 95% CI: 3.076 to 5.666, p = 0.001;
Figure 7).
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Author
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Lee

Henmi

Nowacki
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Figure 6. A forest plot diagram showing the age of onset. WMD = weighted mean difference.

Author

Matsuoka
Suzuki
Inokuchi
Chun

Lee
ORMECI
Zagorowicz
Henmi
Levin
Nowacki
Feng

Xu

Li

Zhang

Overall (l-squared = 38.1%, p = 0.073)

Year

2007
2010
2014
2015
2016
2016
2016
2018
2017
2018
2016
2016
2019

2018

OR (95% Cl)

5.00 (0.23, 109.86)
7.51 (0.42, 134.89)
279 (0.58, 13.42)
3.16 (0.59, 16.97)

3.20 (1.44, 7.11)

-‘Q—oﬁ 27.50 (3.64, 207.59)

0.91 (0.34, 2.46)
1.91(0.69, 5.28)
15.12 (2.28, 100.32)
4.33(2.02, 9.30)
9,67 (2.11, 44.34)
10.16 (3.02, 34.25)
5.21(1.97,13.78)
5.21(2.11, 12.84)

4.17 (3.08, 5.67)

%

Weight

1.02
1.38
5.02
3.85
16.08
0.61
17.61
11.19
1.24
13.34
3.45
5.85
8.99
10.37

100.00

I
0.00482

I
208

Figure 7. A forest plot diagram showing glucocorticoids. OR = odds ratio.

3.5.5. Immunosuppressants

Fifteen articles identified the risk of CMV reactivation following the use of immuno-
suppressive agents (azathioprine, cyclosporine, methotrexate, 6-mercaptopurine, and
mesalamine) in UC patients. The pooled results of the present meta-analysis revealed that
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the use of immunosuppressive agents increases the risk of CMV reactivation in patients
with UC (OR = 1.795, 95% CI: 1.289 to 2.501, p = 0.001; Figure 8). Similarly, the results
of the subgroup analysis demonstrated that azathioprine use was a risk factor for CMV
reactivation (OR = 1.444, 95% CI: 1.012 to 2.061, p = 0.043; Figure 8).

%
Author Year OR (95% CI) Weight
Immunosuppressants :
Matsuoka 2007 —e 5.00 (0.23, 109.86) 2.00
Suzuki 2010 - - 0.52 (0.06, 4.59) 3.42
Criscuoli 2011 —_— 3.04 (1.10, 8.44) 7.49
Kim 2012 —_— 1.20(0.38,3.77) 690
Chun 2015 ———— 3.11(0.53,1822) 448
Pillet 2015 —— 1.11 (0.47, 2.61) 8.32
Hirayama 2016 —— 1.46 (0.58, 3.70) 795
Lee 2016 —— 1.97 (0.85, 4.55) 8.41
ORMECI 2016 - - > 7.98(0.42,150.48) 217
Zagorowicz 2016 —_— 0.40 (0.16, 0.98) 8.03
Nowacki 2018 — 0.94 (0.42, 2.08) 8.62
Feng 2016 —— 253 (0.97, 6.60) 7.79
Xu 2016 — 2.49 (1.23,5.04) 9.08
Li 2019 1 —— 9.47(3.40,26.43) 7.46
Zhang 2018 | —— 8.80(343,2258) 7.88
Subtotal (I-squared = 65.9%, p = 0.000) - 204(1.26,3.30)  100.00
I
Azathioprine ;
Criscuoli 2011 ——— 3.04 (1.10, 8.44) 12.16
Kim 2012 — 1.20 (0.38, 3.77) 9.70
chun 2015 - 1.32(0.11,16.04) 203
Pillet 2015 — 1.11 (0.47, 2.61) 17.31
Hirayama 2016 ———— 0.82 (0.26, 2.66) 9.26
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Figure 8. A forest plot diagram showing immunosuppressants and azathioprine. OR = odds ratio.

3.5.6. 5-ASA

Nine articles described the risk of CMV reactivation in UC patients treated with
5-ASA. The effects of the fixed-effect model revealed that 5-ASA was associated with a
lower probability of CMV reactivation (heterogeneity 1> = 18.0%, p = 0.283, OR = 0.674, 95%
CI: 0.492 to 0.924, p = 0.014; Figure 9).

3.5.7. Infliximab

Seven articles assessed whether infliximab affected CMV infection or reactivation in
UC patients. There was no obvious heterogeneity (I? = 68.3%, p = 0.004). A random-effect
model was used. Pooling the results demonstrated that infliximab therapy was not a risk
factor for CMV reactivation (OR = 1.915, 95% CI: 0.870 to 4.217, p = 0.107; Figure 10).

3.5.8. Sensitivity Analysis

As shown in Figure 11, the results of the sensitivity analysis demonstrated that the
effects of all the risk factors on CMV reactivation in UC patients remained consistent after
removing the trials one by one.
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Figure 9. A forest plot diagram showing 5-ASA. 5-ASA = 5-aminosalicylic acid; OR = odds ratio.
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Figure 10. A forest plot diagram showing infliximab. OR = odds ratio.
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Figure 11. Sensitivity analysis of all outcomes: (A) Severe UC; (B) pancolitis; (C) age of onset; (D) glucocorticoids;

(E) immunosuppressants; (F) azathioprine; (G) 5-ASA; (H) infliximab. UC = ulcerative colitis; 5-ASA = 5-aminosalicylic
acid; CI = confidence interval.

4. Discussion

The relationship between CMV reactivation and UC has been reviewed for several
decades. Several studies have shown that CMV reactivation carries an increased risk
of surgical complications and mortality in patients with UC [37]. A large number of
proinflammatory cytokines such as TNF-«, IFN-y, and IL-2 could activate the expression of
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transcription factor activator protein-1 (AP-1) and nuclear factor kappa B (NF-«B), thereby
increasing the expression of MIP-1, CCL5, MCP-1, and adhesion molecules (ICAM-1 and
VCAM-1) involved in inflammation [38,39]. Stimulated by these cytokines, monocytes,
and dendritic cells phagocytosing CMV travel to the intestinal mucosal injury area by
chemotaxis. TNF-« and IFN-y medjiate the activation of CMV in monocytes and dendritic
cells, respectively. Furthermore, Smith et al. [40] showed that the monocytes infected
with latent CMYV infiltrated tissues and differentiated into macrophages that specifically
expressed CDI14, TLR4, and TLR5. On the one hand, macrophages, particularly CDI4*
macrophages, also play an essential role in “saving cells” supporting CMV from latent
to active state [41-43]. On the other hand, CMV reactivation promotes the expression
of myeloiddifferentiationfactor88 (MyD88) and the phosphorylation of IKBo and NF-«B,
contributing not just to replication but also to infectivity of CMV [44]. Taken together, CMV
could penetrate the lamina propria and induce an abnormal mucosal immune reaction,
exacerbating the systemic inflammatory response of the intestine [45].

More severe UC was associated with a higher risk of CMV reactivation. In this study,
we found that the risk of CMV reactivation in patients with severe UC was 1.465 times
higher than that of patients with mild-to-moderate UC. Furthermore, the risk of CMV
reactivation was 2.108 times higher in patients with pancolitis compared to those with
limited left colon lesions. These findings are supported by Nowacki [27], holding that
severe UC and pancolitis are predictive factors for CMV reactivation. Indeed, severe
UC and pancolitis indicate more intense inflammatory reactions, substantial intestinal
mucosal barrier disruptions, and increased intestinal mucosal permeability, all of which
may increase CMV reactivation.

The correlation between age of UC onset and risk of CMV reactivation remains con-
troversial. Criscuoli [8] evaluated the natural history of CMV reactivation in a series of UC
patients and found that there were no significant differences in the risk of CMV reactivation
between patients >50 vs. <50 years of age. However, Pillet et al. [10] claimed that the age
of UC onset over the age of 30 years is a contributing factor for CMV reactivation. This
present meta-analysis indicated that UC patients with a later age of onset are more likely to
suffer from CMV reactivation. Further examination of the articles included in this review
revealed that the studies that found the age of UC onset to have little impact on CMV
reactivation had enrolled UC patients from a narrow age range, primarily between 42 and
46 years old [6].

In addition to the disease features of UC patients, the association between treatment
strategies and CMYV reactivation should be noted. Glucocorticoids in various forms (mainly
including hydrocortisone, dexamethasone, prednisolone, and prednisone) are highly po-
tent steroid hormones on the front line of UC treatment. This meta-analysis found that
glucocorticoid therapy is a risk factor for CMV reactivation, raising the risk by 4.175 times.
Lee et al. [6] suggested that an average glucocorticoid use of more than 40 mg per day
within one month would increase the incidence of CMV reactivation. Others have con-
cluded that a cumulative glucocorticoid usage of greater than 400 mg within four weeks is
a risk factor [25]. While the relationship between glucocorticoids and CMYV reactivation
was well established in our study, further investigation into the precise frequency and
dose of glucocorticoids is still needed. This study also found that immunosuppressive
agents are a risk factor for CMV reactivation. Likely, other studies have shown that both
the reactivation and proliferative abilities of CMV are augmented by immunosuppres-
sants [37]. Azathioprine, a cost-effective and widely available immunosuppressant for
UC, was determined to be a risk factor for CMV reactivation in the subgroup analysis.
The combined assessment of different immunosuppressants, including azathioprine, cy-
closporine, methotrexate, 6-mercaptopurine, and mesalamine, in our study contributed to
heterogeneity and may have impacted our analyses. Future studies should more clearly
establish the association between CMYV reactivation and individual immunosuppressants
used in UC.
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Interestingly, we found that 5-ASA use correlated with a lower risk of CMV reactiva-
tion. This may be confounded by the fact that patients treated with 5-ASA have milder
disease and a subsequently lower incidence of CMV reactivation. Infliximab, a chimeric
monoclonal immunoglobulin G1, and TNF-« antagonist, has been shown to block inflam-
matory responses and clear CMV infections [6,12]. As we know, TNF-« facilitates the
reactivation of CMV in monocytes and dendritic cells [42]. Consistent with the results of
the previous study, this meta-analysis demonstrated that infliximab is not a risk factor for
CMYV reactivation in UC patients [27].

Although we systematically proved that severe UC, pancolitis, older age of UC onset,
glucocorticoids, immunosuppressants, and azathioprine are risk factors for CMV reactiva-
tion in UC patients, this study has several limitations. First, the relationship between more
biological agents such as vedolizumab should be identified. Second, further research is
required to determine the role of different immunosuppressants in CMV reactivation in
UC patients.

5. Conclusions

Severe UC, pancolitis, glucocorticoids, immunosuppressants, azathioprine, and later
age of onset are risk factors for CMV reactivation in patients with UC. Patients with these
disease characteristics should be proactively screened for CMV reactivation in order to
facilitate early diagnosis and timely antiviral treatment.
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