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Abstract

:

Cytomegalovirus (CMV) is a potential pathogen that causes gastrointestinal (GI) tract diseases regardless of host immunity. In contrast to immunocompromised individuals, immunocompetent patients lack a comprehensive overview of the gastrointestinal manifestations. This study aims to provide a comprehensive summary of the current evidence regarding presentations, diagnostics, management, risk assessment, and outcomes in immunocompetent patients with CMV GI disease. A thorough literature search of English publications up to April 2022 was conducted across electronic databases to identify relevant articles, with eligible case series selected for detailed analysis. The majority of immunocompetent patients affected by CMV GI disease are typically elderly, critically ill, or burdened with comorbidities that compromise immunity. Clinical presentations range from subtle symptoms to severe surgical conditions, including instances of mortality. Specific clinical presentations, blood test results, or endoscopic features are lacking, necessitating reliance on histopathological tests such as immunohistochemistry staining for diagnosis. While antiviral therapy may offer benefits in improving outcomes, careful individual assessment is warranted due to diverse comorbidities and potential side effects. Mortality rates vary considerably based on underlying medical conditions and therapeutic approaches. It is imperative for clinicians to maintain vigilance for CMV GI disease among high-risk groups, despite their baseline immunocompetence, in order to enhance clinical outcomes.
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1. Introduction


Cytomegalovirus (CMV), or human herpesvirus 5 (HHV-5), is a double-stranded DNA virus with a global seroprevalence ranging from 45–100% [1,2,3,4,5]. CMV can be transmitted through saliva, blood products, breastfeeding, placenta, sexual contact, and organ transplantation [4]. With immune permissiveness and the utilization of myeloid lineage cells (CD14+ monocytes, CD34+ myeloid progenitors, dendritic cells, and megakaryocytes) as reservoirs, CMV can exhibit lifelong latency after primary infection and reactivation under an impaired immune status [2,4,6,7]. Clinical presentation varies from asymptomatic infection to tissue invasion in multiple organs [8,9]. For immunocompromised individuals, CMV has been regarded as an important opportunistic pathogen leading to mortality or morbidities, including encephalitis, pneumonitis, hepatitis, gastrointestinal (GI) tract diseases, retinitis, uveitis, nephritis, graft rejection, or severe neonatal complications in congenital infection [7,8,9,10].



The majority of immunocompetent patients present as asymptomatic carriers, nonspecific viral illness, or mononucleosis-like syndrome, which is usually self-limiting [4,9,10]. Despite being rare, catastrophic manifestations of CMV disease involving multiple organs in immunocompetent hosts have been reported, especially among critically ill hosts [7,8,11]. In previous studies, a small number of patients with tissue-invasive CMV had no apparent immunosuppression, risk factors, or symptoms. In some studies, nearly half of the patients were immunocompetent, which was more than “traditionally” expected for a relatively rare situation [12,13].



The GI tract is one of the most commonly targeted systems in CMV diseases [14]. CMV GI disease is defined as the presence of clinical GI symptoms, endoscopic features, and evidence of CMV in tissue via histopathology, culture, immunohistochemistry (IHC), or DNA hybridization techniques [14,15]. Reports on CMV GI disease in immunocompetent hosts in the form of case reports or case series have demonstrated a variety of clinical presentations and heterogeneous therapeutics. Only a few studies have investigated prognostic factors and performed survival analyses exclusively in immunocompetent subgroups. Several controversies remain, including the clinical significance of the detection of CMV in tissues with minimal symptoms, indications for antiviral therapy, and survival outcomes compared to immunocompromised patients [16]. Hence, this study aimed to comprehensively integrate current research on CMV GI disease through a systematic review of the literature.




2. Methods


A structured literature search was performed using electronic databases (PubMed and Embase) to identify all relevant articles published before April 2022. Keywords with synonyms (in parentheses) were applied based on “cytomegalovirus (CMV)”, “immunocompetent”, and “gastrointestinal tract disease (esophagitis, gastritis, enteritis, colitis, enterocolitis, gastroenteritis, etc.)”. The primary targets were English-written case series with a full text that included no fewer than three original cases. The sources of the reported cases were checked to ensure originality and to exclude duplications. Non-English articles, conference abstracts, and those without a full text were excluded. A case series with three or more original cases was selected. Articles discussing congenital CMV disease and patients aged <1 year were excluded from the review.



We retrieved data of interest that included disease location (esophagus, stomach, small intestine, colon, mixed [more than one location involved or unspecified]), age, sex, endoscopic feature (ulcer, polypoid lesion, inflammation), CMV status (serology, antigenemia, viremia), diagnostic methods (hematoxylin and eosin [H&E] stain, IHC, tissue polymerase chain reaction [PCR]), antiviral therapy (AVT), survival outcomes, comorbidities and risk factors (older age, ≥65 years), renal disease (acute kidney injury or chronic kidney disease), diabetes mellitus, mechanical ventilation, sepsis, inflammatory bowel disease (IBD) (diagnosed after the index CMV disease, concurrently with the CMV disease, or before the CMV disease yet receiving no immunosuppressive therapy), cancer (without chemotherapy or radiotherapy six months before the CMV disease), and special cases with unusual presentation or management. Significant findings and interpretations of outcomes were extracted as remarks.




3. Results


3.1. Literature Search


Over 200 publications were initially identified via a literature search, and 18 articles were eligible for the final analysis (Table 1) [12,13,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32]. A flow chart of the literature selection is shown in Figure 1.




3.2. Epidemiology


The prevalence of CMV GI disease in immunocompetent patients is widely different (0.3–31%) in variable subgroups [9], and accounts for 7.5–58.8% of overall CMV GI-TID (tissue invasive disease) [12,13,18,20,22,23,28,29,30]. Rafailidis et al. conducted a systematic review of severe CMV infections in immunocompetent patients, indicating that the GI tract was the primary site, involving 31% (91 out of 290) of patients [9]. Patra et al. reported an estimated CMV GI disease prevalence of three per 1000 endoscopies among patients without IBD or overt immunosuppression [20]. For critically ill immunocompetent patients, CMV reactivation and CMV GI disease developed in approximately 13.75% and 3–4% of cases, respectively [11,33]. In 78% of the enrolled studies, the mean age was >65 years, and it reached statistical significance in two cohort studies [13,30]. There is no evident sex preponderance since a wide range of male-to-female ratios have been reported.




3.3. Clinical Presentations


In immunocompetent patients, the colon remains the most commonly involved segment [9]. In general, the core symptoms of immunocompetent patients are similar to those of immunocompromised patients and correlate with the involved segments. Upper GI tract diseases present with nausea, vomiting, dysphagia, odynophagia, abdominal pain, hematemesis, and tarry stool, while lower GI tract diseases present with abdominal pain, diarrhea, constipation, and bloody stool. Regardless of the involved segment, patients may have a fever and a spectrum of severities, including asymptomatic infections, nonspecific symptoms, fulminant disease, and surgical abdomen. In addition to CMV-associated toxic megacolon [34,35], CMV-related intra-abdominal abscess, fistula (rectovaginal, rectovesical), stenosis (small intestine, colon), and hollow organ perforations (stomach, small intestine, and colon) have also been reported in immunocompetent patients [36,37,38,39,40,41,42,43,44,45,46,47,48,49,50]. Compared to immunocompromised patients, more immunocompetent patients present with GI bleeding, shorter symptom onset duration, less extra-GI involvement, and more small intestinal diseases. In contrast, immunocompromised patients present with more diffuse GI tract and esophageal involvement [13,30]. Critical illnesses at diagnosis are more commonly observed in immunocompetent patients. In a study by Patra et al., all the enrolled immunocompetent patients were critically ill [20]. In addition, the percentage of immunocompetent patients needing intensive care unit (ICU) admission ranged from 21.4–39.5% and was significantly higher than that in the immunocompromised subgroup [13,27,30,31].



Several special manifestations that may seem atypical for common GI infections have been reported in immunocompetent patients. Patients may initially present with appendicitis, ischemic enterocolitis, or vasculitis-like features [48,51,52,53,54,55,56]. Protein-losing enteropathy, or Menetrier’s disease, can be associated, which results in edema and hypoalbuminemia [57,58,59,60,61,62,63]. CMV post-infectious motility impairment presenting with gastroparesis or constipation (segmental hypoganglionosis) has also been reported [64,65]. With relevant GI segments, preceding bacterial (Salmonella or Shigella species) infection or concurrent infection with Epstein–Barr virus (EBV), Helicobacter pylori, Clostridioides difficile, histoplasmosis, and other parasites were also noted with CMV TID [19,51,66,67,68,69,70,71,72,73,74,75,76]. A study has proposed the term “triple C disease”, which denotes “CMV Clostridium Colitis disease”, and it has been reported that triple C disease has not been limited to patients with IBD but also to other immunocompetent hosts [77]. While triple C disease leads to worse outcomes in IBD, the clinical significance in other immunocompetent populations still needs further study [78,79,80].



Congenital, postnatal, and infantile CMV diseases are not discussed in this review because of immature immunity. Pediatric patients are a distinctive concern, especially neonates. CMV is the leading cause of congenital and postnatal viral infections. Porta et al. conducted a literature review comprising 38 articles on neonates infected within three months of age, addressing its rare incidence and diverse associations with GI manifestations, including enteritis, colitis, necrotizing enterocolitis, perforation, appendicitis, Hirschsprung’s disease, Meckel’s diverticulum, and colonic strictures [81]. Sue et al. discussed 23 cases of invasive CMV enterocolitis among immunocompetent non-preterm children and suggested that subtle defects in the innate immune system (Toll-like receptor, nucleotide binding oligomerization domain-containing protein 2) may increase susceptibility to infection [82]. Barbati et al. summarized 89 cases of CMV-associated pediatric Menetrier’s disease, also reflecting a possible familial susceptibility to this manifestation [83]. In brief, CMV GI disease can develop in apparently immunocompetent children, varying in presentation from a self-limited condition to a surgical abdomen.




3.4. Diagnosis


Clinical presentations, endoscopic features, and laboratory examinations are not specific for the diagnosis of CMV diseases of the GI tract. Histopathological examination of GI mucosal tissue is indispensable for establishing a diagnosis of CMV GI disease, and IHC staining is considered the gold standard [14,84,85,86,87,88]. H&E staining, viral culture, and nucleic acid testing (NAT) are also used for diagnosis [15,89]. H&E staining demonstrated specificity and sensitivity of 92–100% and 10–87%, respectively. The addition of IHC staining advances the sensitivity to 78–93%, and H&E staining frequently fails to detect CMV identified on extensive IHC [84]. NATs, such as PCR, yield better sensitivity and faster results; however, their expense and accessibility limit their clinical application. If both IHC and PCR were performed, the detection rate could be increased by 10–15% [90]. Although some studies were against routine IHC staining, it is still recommended for high-grade clinical or histological suspicion [91,92,93]. At the same time, IHC staining is an optimal diagnostic test in patients with IBD because AVT most benefits IHC-positive patients [84].



CMV blood tests (serology, antigenemia, and viremia) have poor diagnostic accuracy for CMV GI disease [4,16]. Positive IgM and viremia in CMV disease are 15–60% and 18–100%, respectively [12,26,28,30,31,89]. Even though polymorphic ulcers are the most prevalent endoscopic findings, no specific endoscopic features for CMV GI disease were found. These ulcers may complicate perforation, fistula, abscess, or stricture formation. Polypoid and tumor-like lesions were also noted [50,94,95,96,97]. There were no significant differences between the immunocompetent and immunocompromised groups, except for a study revealing a higher ratio of ulcers in the immunocompromised group (70–35%) [13,20,30].




3.5. Treatment


Current treatments for CMV infections include CMV immunoglobulin, ganciclovir, valganciclovir, cidofovir, foscarnet, letermovir, maribavir, and filociclovir (in development) [4,98]. Intravenous ganciclovir (acyclic guanine nucleoside analog) and oral valganciclovir (L-valyl ester, a prodrug of ganciclovir) both exhibit acceptable bioavailability and therapeutic efficacy of over 80% [14,99]. These two agents are the mainstays, whereas the rest are reserved for patients with treatment resistance or specific clinical contexts. Myelosuppression, nephrotoxicity, and electrolyte imbalance are the major adverse events during antiviral treatment [100]. Physicians should closely monitor blood cell counts, renal function, and electrolytes during AVT.



There are no guidelines regarding the details and duration of AVT in immunocompetent patients. The therapeutic rate, regimens, and duration of AVT were heterogeneous in the available studies. In some studies, physicians tended to treat severe CMV GI diseases and found that this group of patients still had a poor prognosis due to selection bias [8,14,16]. However, adequate AVT may lead to better clinical outcomes and survival rates in immunocompetent patients [12,13,30]. We should individually evaluate the application of AVT in immunocompetent patients according to the following opinions: First, it is necessary to interpret the testing results with clues of inflammation to confirm real CMV GI diseases instead of a bystander. IHC is crucial not only for the accurate diagnosis of CMV GI disease, but AVT also benefits patients with IBD who have positive IHC staining [84]. At the same time, a positive PCR test without complementary histology or IHC findings does not always support clinically significant CMV GI disease [16]. Second, the risk of adverse events with AVT should be weighed and closely monitored throughout the treatment course. Third, AVT is indicated for critical patients with surgical conditions, comorbidities, or protracted illness, regardless of baseline immunity [8,14,101].




3.6. Outcomes and Prognostic Factors


The mortality rates of immunocompetent CMV GI disease ranged from 0–80% because of different subgroups and therapeutic interventions. Page et al. reported the highest mortality rate with a significantly worse survival outcome in the immunocompetent group than in the immunocompromised group, probably due to elderly status, unrecognized immunodeficiency, delayed diagnosis, and treatment [18]. Similarly, Chaemsupaphan et al. proposed a significantly higher six-month mortality rate among immunocompetent patients [30]. However, another study by Wetwittayakhlang et al. suggested no difference in in-hospital survival between the two immune statuses [13]. Furthermore, Karigane et al. reviewed 33 immunocompetent cases of CMV enteritis (including colitis, enteritis, and enterocolitis) and reported a generally favorable prognosis in view of the 24% spontaneous resolution rate and absence of CMV-related death [102]. Another study for immunocompetent CMV gastroenterocolitis by Yoon et al. also reported a spontaneous resolution rate of 38.4%, accompanied by a fair response rate (80.4%) for the rest of the AVT-treated patients [31].



With respect to prognostic factors, comprehensive analyses of immunocompetent hosts are scarce. As for CMV colitis, Ng et al. analyzed 10 cases and indicated that their overall prognosis was mainly related to comorbidities, while 75% of the deaths were irrelevant to CMV [19]. In another meta-analysis of CMV colitis in immunocompetent hosts conducted by Galiatsatos et al., the mortality rate was higher with male sex, immune modulating diseases, or a history of colectomy, albeit not statistically significant [103]. As for the whole GI tract, Yoon et al. proposed that the endoscopic type (discrete ulcer or diffuse erythema) was not associated with the clinical outcome (death or surgery), while the C-reactive protein level was the sole independent factor for poor clinical courses (surgery or in-hospital mortality) [31].




3.7. Risk Factors, Comorbidities, and Special Populations


Familiarity with the risk factors for CMV GI diseases helps physicians make an early diagnosis and choose the appropriate treatment to improve clinical outcomes. Ko et al. noted that steroid use and red blood cell transfusion within one month are independent risk factors for developing CMV colitis in immunocompetent patients [27]. Except for this study, the evidence of risk factors in other GI segments is limited due to the lack of comprehensive control studies, but it is worthy of further study.



On the other hand, comorbidities worth noting include age, renal insufficiency, diabetes mellitus, and critical illness (mechanical ventilation, sepsis, shock, ICU, etc.). Patients with any of these medical conditions account for 80% of the immunocompetent patients with CMV GI disease. These conditions lead to relative immunodeficiency, even though they are immunocompetent by general definition.



The elderly contribute in several aspects such as the general decline of organ function, malnutrition, and “immunosenescence”, which refers to changes in the immune system due to aging [28]. Involution of the thymus and reduced T-cell responses may contribute to CMV reactivation [28,104]. In addition, CMV can impair the immune defense against other pathogens by generating an expanded population of CMV-specific CD8 T cells due to reactivation, a phenomenon described as “memory inflation” [105,106]. Renal insufficiency is hypothesized to increase the risk of infection through T-cell exhaustion, immune dysregulation, and impaired clearance of pathogens [107]. In patients with end-stage renal disease, uremia leads to a reduced number and function of lymphoid cells, premature “aging” of hematopoietic stem cell composition, altered renal metabolic activities with depleted production (renin, erythropoietin, and vitamin D), and increased susceptibility to infection [108,109]. Diabetes mellitus has been shown to impair immune responses, and a meta-analysis proposed that non-autoimmune diabetes is associated with increased susceptibility to multiple types of herpesviruses [110,111,112]. During critical illness, the risk of CMV reactivation increases, possibly because of immunocompromised status, augmented stress hormone responses, and altered cytokine levels (enhanced CMV replication by tumor necrosis factor-α) [33,113]. This reactivation of CMV is frequent in critically ill, immunocompetent patients, as observed in ICU cohort studies and systematic reviews [6,11,33].



Patients with coexisting or successive diagnoses of IBD or cancer were classified into special subgroups. The association between IBD and CMV GI disease has been recognized for decades, especially in ulcerative colitis, although the exact mechanism remains unclear [14,89,114]. Thus, screening for CMV in patients with IBD experiencing acute flares or refractory treatments is essential. Intriguingly, a literature review by Luangsirithanya et al. described 13 cases of new-onset IBD with coexisting CMV colitis, revealing that IBD should be suspected in immunocompetent patients with CMV GI disease, especially if they have a partial response to AVT [115]. With respect to malignancy, Costa et al. reported a case of an atypical bronchopulmonary carcinoid tumor, revealed by a positron emission tomography scan arranged as a survey for possible immunodeficiency after the diagnosis of CMV duodenitis [116]. Similarly, Krajicek et al. described a patient with perforated CMV gastritis who was diagnosed with diffuse large B-cell lymphoma [47]. Ng et al. reported a case of CMV ileitis and a coexisting metastatic goblet cell carcinoid tumor [117], while Murakami et al. depicted a patient with CMV esophagitis and early esophageal cancer [118]. In three case series of CMV GI disease, a total of 12 patients were described as having successive (four as “recent”, without anti-tumor therapy) diagnoses of malignancies months after the CMV disease, involving the lung, biliary tract, pancreas, kidney, etc. [18,21,23]. In view of these observations, “occult” malignancy as an immunomodulating driver may be an important consideration for “apparently” immunocompetent hosts manifesting CMV GI disease.





4. Conclusions


CMV GI disease in immunocompetent hosts is more common than previously thought, particularly among elderly individuals, critically ill patients, and those with underlying immunodeficiency disorders. Clinical presentations range from mild symptoms to life-threatening surgical conditions, highlighting the variability in severity. Diagnosis can be challenging as there are no specific clinical features, blood tests, or endoscopic findings. The gold standard for diagnosis remains histopathological confirmation through hematoxylin and eosin (H&E) staining and immunohistochemical (IHC) staining. AVT may offer benefits in improving outcomes, although careful individual assessment is necessary considering the presence of comorbidities and potential side effects. Mortality rates vary depending on underlying medical conditions and treatment approaches. Vigilance is crucial in recognizing CMV GI disease, especially in high-risk populations, to enhance clinical outcomes (Figure 2).
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Figure 1. Flow chart of the literature research. 
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Figure 2. A proposed algorithm of management for immunocompetent patients with cytomegalovirus diseases of the gastrointestinal tract. H&E, hematoxylin and eosin; IBD, inflammatory bowel disease; IHC, immunohistochemistry; PCR, polymer chain reaction. 
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Table 1. Overview of the reviewed case series.






Table 1. Overview of the reviewed case series.





	

	
Author

(Year)

	
Disease Location

	
Age (Years)

Sex

	
Endoscopy

	
Patho.

	
CMV Status

	
AVT

	
Survi.

	
Risk Factors




	
Old

	
Ren

	
DM

	
MV

	
Sep

	
IBD

	
Can




	
ES

	
ST

	
SI

	
CO

	
MX

	
U

	
P

	
I

	

	

	

	

	
Remarks






	
1

	
Surawicz et al.,

1988 [17]

	

	

	

	
3

	

	
25 (M), 37 (F), 71 (F)

1 M, 2 F

	
2

	
-

	
1

	
HE ± IHC

	
Infection in 2

NA in 1

	
0/3

	
3/3

	
1

	

	

	

	

	

	




	

	

	
Anal intercourse in two; sigmoid volvulus with colectomy; and stricture in one. All were self-limited.




	
2

	
Page et al.,

1998 [18]

	
1

	
2

	
2

	
5

	

	
NA

NA

	
-

	
-

	
-

	
Biopsy proven

	
NA

	
5/10

	
2/10

	

	

	

	

	

	

	
4




	
Mortality was significantly greater in the normal patient (immunocompetent) group.




	
3

	
Ng et al.,

1999 [19]

	

	

	

	
10

	

	
Median, 70;

Range, 59–92;

1 M, 9 F

	
6

	
1

	
3

	
HE ± IHC

	
NA

	
3/10

	
6/10

	
7

	
2

	
3

	

	

	

	




	
Preceding events (AMI in two, Shigella enteritis in two). One needed surgery, and three had local complications (fistula).




	
4

	
Patra et al.,

1999 [20]

	

	
1

	

	
16

	

	
NA *

NA *

	
6

	
-

	
11

	
HE

	
NA

	
NA

	
NA

	

	

	

	

	

	

	




	
All immunocompetent patients were critically ill. Immunocompromised patients had a higher ratio of ulcers (70–35%) and more atypical inclusion bodies (90–47%).




	
5

	
Maiorana et al.,

2003 [21]

	
1

	
4

	

	
6

	

	
Mean, 72;

Range, 52–86;

9 M, 2 F

	
9

	
-

	
2

	
HE + IHC

	
IgG (+): 6/6

IgM (−): 6/6

Viremia: NA

	
3/11

	
7/11

	
8

	

	

	

	

	
2

	
4




	
Four immunocompetent patients had malignancies of various organs (diagnosed 2–5 months later).
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Ng et al.,

2003 [22]

	
1

	

	

	
4

	
1 a

	
Mean, 74;

Range, 60–81;

2 M, 4 F

	
4

	
-

	
2

	
HE ± IHC

	
NA

	
3/6

	
4/6

	
5

	
2

	
3

	

	

	
1

	




	
Total: 14 non-HIV patients, of whom only six qualified for immunocompetent status.




	
7

	
Bonetti et al.,

2011 [23]

	
4

	
11

	

	

	

	
Mean, 71;

Range, 37–91;

7 M, 8 F

	
9

	
2

	
4

	
HE + IHC

	
IgG (+): 3/NA

IgM (+): 7/NA

Viremia: NA

	
NA

	
15/15

	
1

	

	

	

	

	

	




	
Four immunocompetent patients had malignancies of various organs (diagnosed 5–16 months later). Immunocompromised patients are more likely to have multiple segments or multiple sites of involvement. There were no differences in the frequency or localization of gastric mucosal thickenings between the two groups.




	
8

	
Siciliano et al.,

2014 [24]

	

	

	
2

	
12

	

	
Mean, 64;

Range, 38–82;

6 M, 8 F

	
-

	
-

	
-

	
HE + IHC

	
NA

	
13/14

	
4/14

	
8

	
7

	
5

	
10

	
13

	

	




	
All patients developed septic or cardiogenic shock (on average, two episodes) before CMV disease. The mean in-hospital stay was 44 days, with an average of 29 days in the ICU. The in-hospital mortality rate was 71.4%. Cardiomyopathy was noted in 64.2% of patients.




	
9

	
Chen et al.,

2014 [25]

	
1

	
2

	

	
10

	

	
Mean, 68;

Range, 47–77;

7 M, 6 F

	
8

	
2

	
3

	
HE ± IHC

	
IgM (+): 1

Antigenemia: 1

	
12/13

	
9/13

	
9

	
13

	
7

	

	

	

	




	
All cases had CKD; one had HSP. AVT: average of 23 ± 14 days (range, 7–42 days). Two patients died of CMV-related colonic perforation.




	
10

	
Chan et al.,

2014 [26]

	

	

	

	
4

	

	
Mean, 74;

Range, 65–84;

3 M, 1 F

	
2

	
1

	
1

	
HE ± IHC

	
Viremia: 4

	
4/4

	
1/4

	
4

	
2

	
2

	

	

	

	




	
There was biopsy-proven CMV colitis in eight patients, and only four were identified as having immune status risks. Three (75%) were diagnosed via a clinician-ordered CMV stain. Stool and blood CMV-PCR were applied to diagnose “probable” cases, and stool PCR was positive in 7 of 10 tested patients.




	
11

	
Ko et al.,

2015 [27]

	

	

	

	
51

	

	
Mean ± SD, 65 ± 14;

24 M, 27 F

	
49

	
2

	
-

	
HE

+ IHC or PCR

	
IgG (+): 100%

IgM (+): 8.3%

	
39/51

	
47/51

	
NA b

	
16

	
15

	
11 c

	

	

	




	
The 30-day mortality rate was 7.8% (all-cause, none related to CMV colitis directly). Risk factors for developing CMV colitis include steroid usage and RBC transfusions within one month.




	
12

	
Bernard et al.,

2015 [28]

	
5

	

	
1

	
7

	

	
Mean, 75;

Range, 54–88;

5 M, 8 F

	
10

	
-

	
3

	
PCR

	
Reactivation: 10

Viremia: 1 (out of 4)

	
6/13

	
13/13

	
11

	
2

	
3

	

	

	
2

	
2




	
Only one case had a positive histology finding. The mean value of CMV DNA load in GI biopsies was 3845 copies/μg total DNA. Clinical features were similar to patients diagnosed with histology methods in prior studies.
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Marques et al.,

2017 [29]

	
1

	
2

	

	

	

	
51 (M), 86 (F), 87 (F)

1 M, 2 F

	
2

	
-

	
1

	
HE ± IHC

	
NA

	
2/3

	
2/3

	
2

	

	
1

	

	

	

	




	
In this upper GI tract cohort, 25% were immunocompetent. One had a history of ischemic stroke, and one had decompensated alcoholic liver cirrhosis and DM.
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Chaemsupaphan et al.,

2020 [30]

	
4

	
10

	
15

	
47

	

	
Mean ± SD 73 ± 13.9

31 M, 25 F

	
47

	
6

	
- d

	
HE ± IHC

	
Viremia: 16 (out of 27)

	
39/51

	
36/56

	
NA b

	
35

	
20

	
20

	
NA e

	

	




	
AVT is an independent protective factor *. Predictors of six-month mortality: age, inpatient status, ICU *. Patients in the immunocompetent group were older, had more ICU needs at diagnosis, had more viremia-negative cases, were less treated, and had higher six-month mortality (39% vs. 22%).
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Wetwittayakhlang et al.,

2021 [13]

	
5

	
4

	
17

	
59

	
4

	
Median, 70;

IQR, 63–79;

51 M, 38 F

	
58

	
3

	
28

	
HE ± IHC

	
NA

	
80/89

	
64/89

	
59

	
56

	
12

	
34

	
30

	
4

	




	
AVT > 14 days was a protective factor for survival (Peto-Peto test, p < 0.001) *. The immunocompetent group was older, had more GI bleeding, shorter symptom-onset duration, and had more involvement in SI and less in ES/MX. There was no difference in in-hospital mortality regarding immunity.
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Yoon et al.,

2021 [31]

	

	

	

	
60

	
26 f

	
Median, 68;

IQR, 60–74;

53 M, 33 F

	
55

	
-

	
31

	
HE ± IHC ± PCR

	
Viremia: 25 (out of 46)

	
51/86

	
78/86

	
NA b

	
15

	
34

	
34

	
36

	

	




	
Sixty-eight cases (79.1%) had comorbidities. Endoscopic features were not associated with clinical outcomes. CRP is an independent risk factor for surgery and in-hospital mortality.
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Verma et al.,

2021 [32]

	

	

	

	
4

	

	
45 (M), 52 (M), 55 (F), 65 (F)

2 M, 2 F

	
4

	
-

	
-

	
HE + IHC ± PCR

	
NA

	
3/4

	
3/4

	
1

	

	
2

	

	

	

	




	
One case had a history of coronavirus disease 2019. One was positive for tissue CMV PCR. One patient died of a myocardial infarction before receiving AVT.




	
18

	
Yeh et al.,

2022 [12]

	
12

	
32

	
9

	
127

	

	
Mean ± SD, 65.3 ± 17.6;

105 M, 75 F

	
148

	
22

	
10

	
HE + IHC

	
IgG (+): 97.2%

IgM (+): 16.9%

Antigenemia: 42.9%

Viremia: 65.9%

	
99/180

	
152/180

	
108

	
79

	
75

	
42

	

	
28

	
20




	
Immunocompetent patients receiving Combo therapy had the best survival curve. Combo AVT (oral plus intravenous) ≥ 14 days resulted in better outcomes for both immunocompromised and immunocompetent patients.








* Not exclusively for the immunocompetent subgroup. a, duodenum plus colon; b, no definite case number; c, presumed numbers according to the ICU requirement; d, unable to identify pure inflammation based on the data; e, no definite case number (bacteremia in 4, systemic inflammatory response syndrome in 29, shock in 19); f, upper GI in 19, SB in 7. Abbreviations: AMI, acute myocardial infarction; AVT, antiviral therapy; Can, cancer; CKD, chronic kidney disease; CMV, cytomegalovirus; CO, colon; Combo, combination (oral and intravenous form); CRP, C-reactive protein; DM, diabetes mellitus; ES, esophagus; F, female; GI, gastrointestinal; HE, hematoxylin and eosin stain; HSP, Henoch-Schönlein purpura; I, inflammation; IBD, inflammatory bowel disease; ICU, intensive care unit; IHC, immunohistochemical staining; IQR, interquartile range; M, male; MV, mechanical ventilation; MX, mixed segments; NA, not available; P, polypoid lesion; Patho., pathology; PCR, polymerase chain reaction; RBC, red blood cell; Ren, renal disease; SD, standard deviation; Sep, sepsis; SI, small intestine; ST, stomach; Survi., survival; U, ulcer.
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