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Abstract
Cytomegalovirus (CMV) is frequently detected in inflammatory bowel tissue, especially in corticosteroid-refractory patients, and it has been blamed for adverse outcomes. However, the first acquisition of CMV does not involve the colon. In particular in the colonic mucosa, which evolved due to the gut microbial relationship, CMV promotes inflammation via recruited monocytes and not through replication in resident macrophages. Whether CMV is the last straw in the process of mucosal inflammation, a doomed agent, or an innocent bystander is a difficult question that remains elusive. With this work, we will try to review the relationship between intestinal mucosa and CMV in the framework of basic virological principles.
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Core tip: We will here draw an analogy between the cytomegalovirus and the hero of the Gaston Leroux’s “The Phantom of the Opera” novel, with the intestinal mucosa as the opera building. We aimed to emphasize the viral pathogenesis process to understand the elusive character of cytomegalovirus in the inflammatory bowel diseases.
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INTRODUCTION
Gaston Leroux’s “The Phantom of the Opera” novel features a Paris opera building haunted by a phantom, an ugly genius of a man who had devoted his life to music and desperate love. The dungeons and tunnels that he created led to dynamic movements, enabling him to appear and disappear like a phantom all over the opera building. The protagonist may be interpreted as creative or destructive throughout the novel. He is a great composer and he makes clever devices, while strangling people with a Punjab lasso at the same time. What circumstances push the protagonist to lash out with violence and destruction? While that question is of interest to literary critics, we will here draw an analogy between the cytomegalovirus (CMV) and the hero of the aforementioned novel, with the intestinal mucosa as the opera building. For that, however, we must look at the basic viral pathogenesis before any deeper analysis.

VIRUSES
Viruses are nonliving particles, and their replication is entirely dependent on the ability to infect the cells of their hosts[1]. This obligate dependence should suggest that every conditional change must be of some interest to the host as well as the virus. The first step in viral infection is entry into the target cell via specific receptors that provide tropism and fusion to the cells. Glycoprotein complexes act as an entry and fusion activator[2]. The second step in viral infection is replication and the production of new virions to spread[3]. After this step, there is another important component to complete infection: the immune response. A nonspecific role is played by the host cell’s intrinsic defenses: apoptosis, autophagy, RNA silencing, and antiviral proteins, while pathogen-specific responses harness the innate and adaptive immunity process[4]. Intracellular detection of viral infection occurs via receptors (Toll-like receptors, RIG, MDA) on cellular compartments (cytoplasm, plasma, and endosomal membranes)[5-7]. Following recognition, virus-infected cells and uninfected sentinel cells (dendritic cells, macrophages, natural killer cells) produce interferons in response to cellular products. Cytokines, both proinflammatory and anti-inflammatory, and chemokines are complementary elements in the ongoing inflammation[8]. Encoding cytokine homologs to block receptors and soluble cytokine receptors to neutralize cytokines, or altering the cytokine signaling pathway, are the preferred targets in herpesvirus survival strategies[9]. This diversity in the virus-host interaction causes different inflammatory stimulations that differ in clinical presentation. In particular, non-cytopathic viruses do not stimulate inflammation and may persist over a long duration. However, encoding at least one regulator of intrinsic/innate defenses is an essential component of viral pathogenesis.

CYTOMEGALOVIRUS
CMV is a member of the β-herpesvirus subfamily. The virion consists of a 235-kb double-stranded linear DNA core in an icosahedral nucleocapsid, enveloped by a proteinaceous matrix. Nearly 200 of its genes encode proteins, but some express only noncoding RNAs, including approximately 14 microRNAs[10]. The genes with functions beyond transcription and proliferation necessitate a look at the human-CMV interaction from a co-evolutionary point of view. For instance, some virally encoded proteins show homology with the human chemokine receptor family[9]. Thus, this lifelong interaction may have a positive effect on our immunity, which can be revealed through animal studies[11]. 
Worldwide CMV seroprevalence has increased from 40% to 99%, and population-based studies have shown that young children are an important source of CMV for childbearing women[12,13]. A survey has also demonstrated that primary school-age children continue to shed CMV in urine and live viremia at higher rates when compared with older children[14]. Moreover, 18-30 year-old college students shed CMV in saliva and urine without antibody response[15]. Notably, neither children nor college students experienced any clinical conditions. In contrast, mother-to-child transmission can occur even in the womb or during birth, as well as through breastfeeding. The association between fetal infection or frailty and human-CMV interactions from the beginning to the end of life is being investigated by researchers[16].
In light of the latest data, platelet-derived growth factor receptor alpha (PDGFR-α) has been identified as an entry receptor that forms a heterotrimeric complex with gH/gL/gO in fibroblasts[17]. Additionally, while cell line-based in vitro studies show some proteins, such as neuropilin 2, act as epithelial/endothelial receptors, in real life most of these receptors are found inside the immune cells[18,19]. Fibroblasts, a type of stromal cells, endogenously express PDGFR. In a previous report, perivascular stromal cells were found to be susceptible to CMV infection in an ulcerative colitis murine model via PDGFR-β and CXC chemokine ligand 12[20]. Additionally, in another investigation, more PDGFRα+ cells (smooth muscle cells) were found in the distal than in the proximal colon, which may be related to the frequency of CMV colitis rather than cell involvement[21]. If the inflammasome affects stromal and not epithelial cells, it may be inferred that CMV participates in the ongoing process at least via its immunomodulatory effect. In contrast, it is interesting to think that the lifelong persistence of the virus and the protective and dormant structure of the epithelial/endothelial cells may interact in terms of the infectious process. 
CMV persists (latency) over the host’s lifetime in specific progenitor cells that undergo reprogramming from hemopoietic stem cells[22,23]. This latency is broken intermittently through viral reactivation that is controlled by the adaptive immunity[24]. Moreover, monocyte recruitment to the relevant locations is the main mechanism in clinical manifestations of CMV[25]. In particular in the colonic mucosa, which evolved due to the gut microbial relationship, CMV promotes inflammation via recruited monocytes and not through replication in resident macrophages[26]. Although monocyte recruitment is essential in the effective control and elimination of viral, bacterial, fungal, and protozoal infections, it is worth questioning whether the intruder, here CMV, can alter the infection dynamics on its own. As mentioned before, we postulate that CMV plays a role akin to “The Phantom of the Opera” in the mucosa, with a balance between creative and destructive behaviors. Like the Phantom, CMV has gained a bad reputation, especially where inflammatory diseases are concerned, whereas a viral genome study revealed a higher ebola virus (EBV) load in mucosal samples[27]. Both the CMV and EBV encode a viral ortholog of cellular interleukin-10 that impedes inflammatory responses and modulates host immunity[28].
The rumors about the tortures inflicted by the Phantom show similarities with the existence of CMV and inflammations flaring in the mucosa. Be they a sign of direct or indirect pathogenicity, the first acquisition of CMV does not involve the colon. Whether CMV is the last straw in the process of mucosal inflammation, a doomed agent, or an innocent bystander is a difficult question that remains elusive. Thus, another important question follows on: to treat or not to treat?
CMV is frequently detected in inflammatory bowel tissue, especially in corticosteroid-refractory patients, and it has been blamed for adverse outcomes. Ganciclovir treatment is preferred by some clinicians, with or without other immunomodulatory drugs. Since clinical relevance and treatment efficacy have not been determined precisely, an accepted approach is not available. Many observational studies and a few metanalyses have been carried out on the effect that ganciclovir treatment has on CMV reactivation in inflammatory bowel diseases[29]. Unfortunately, these uncontrolled and selection bias studies have not delivered adequate conclusions. Colectomy rates show high variability in both ganciclovir-treated and untreated groups. 

CONCLUSION
Researchers should focus the novel basic scientific data about the host and CMV interaction and re-review the clinical definitions, and treatment effectiveness of antivirals in the light of the evolutionary perspective. 
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