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Congenital cytomegalovirus (CMV) infection induces a clinical syndrome usually associated with hearing loss. However,

the effect of acquired CVM infection in adults and children has not been clearly defined.
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1. Introduction

The human cytomegalovirus (CMV) is a DNA virus included in the herpesviridae family, widely spread in the community.

Subclinical infections do occur and they can involve all bodily organs, including the middle and the inner ear. Congenital

CMV infection can produce a wide variety of clinical syndromes either by direct pathogenic effect or secondary to immune

mechanisms. Acquired CMV infection is asymptomatic in most adults; however, it can produce severe symptoms in

patients with compromised immune system .

Much of the pathogenesis associated with congenital CMV infection is explained by the virus’ ability to establish a latent

infection in the host. In its latent state, the viral genome is maintained in the host cell without active replication; however,

CMV is able to reactivate itself in response to changes in the host cell . CMV persists for the lifetime of the infected host

leading to a latent chronic infection, in which only a limited number of viral genes are expressed without genome

replication. Cellular death pathways that are activated by viral infection as well as other biological processes, including

control of the cell cycle and cellular stress responses, are efficiently regulated by CMV in the infected cell to facilitate virus

replication. CMV has a broad cellular tropism and infects a large number of cell types during primary infection; however,

the outcome of infection varies widely and is largely cell type-dependent and it may include endothelial, epithelial,

fibroblasts, neuronal, monocytes/macrophages, granulocytes, and smooth muscle cells .

The histopathological damage of CMV disease was reported in 41 temporal bones of children with acquired CMV infection

in a non-controlled study . Typical inclusion bodies of CMV, namely multiple vacuoles with clusters of viral particles

within the nucleus of affected cell was contained in the epithelium of the endolymphatic sac, the utricle, and the

semicircular canals; there was loss of inner and outer hair cells, and of cochlear ganglion cells . It has been postulated

that many ear disorders, including Meniere’s disease (MD) , otosclerosis  and sensorineural hearing loss (SNHL) of

various forms may have an underlying viral etiology. CMV could damage the inner ear leading to endolymphatic hydrops

in immune-mediated inner-ear disease . Moreover, it is plausible that CMV infection induces via pro-inflammatory state

SNHL and tinnitus . Among children with congenital CMV infection, the onset of deafness can occur in childhood even

up to 6–8 years of life .

The seroprevalence of CMV differs greatly among different countries ranging from 50% up to 90% according to several

factors, such as ethnicity or socio-economic status . The prevalence of viral infection can be ascertained through

various methods, including classical virological techniques such as transmission-electron microscopy, viral culture, or

more recent methods offering comparably higher sensitivity, specificity, and throughput, sometimes broadly labeled as the

‘molecular-diagnostics’ of viral-infection . Detection of CMV DNA can vary depending on the methods of DNA extraction

, DNA amplification  and the part of the CMV genome being detected . To confirm viral exposure in patients and

control subjects, molecular ascertainments have been classified as those that aimed to (i) directly detect specific viral

species through their nucleic acid or gene products (active or latent infection), or else (ii) indirectly detect specific viral

exposures through antiviral antibody signatures of past or recent infection . Prospective studies of CMV antibody

including 2572 healthy blood donors have disclosed that between 40 and 100% of them have antibodies to CMV. Positive

results of serologic tests presumably may reflect a latent congenital CMV infection .

While the precise mechanism of progressive hearing loss mediated by CMV infection is unknown, there are two possible

mechanisms that would explain the clinical course: (1) the direct damage of hair cells or spiral ganglion neurons by a

persistent acquired CMV infection, and (2) the host immune mediated CMV damage of infected cells . The finding of
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CMV DNA in the inner ear fluids of children allowed to assume that this virus can not only injure the inner ear when

acquired in pre-and perinatally age, but also later on  The main mechanism of SNHL in CMV congenital infection may

be the alteration of potassium homeostasis via damage to the stria vascularis or Reissner’s membrane, with secondary

damage to the organ of Corti. This mechanism can be also suggested for non-congenital infection since the virus is known

to prefer undifferentiated cells (such as stem cells) .

The involvement of viruses in the pathogenesis of SNHL has been suggested by investigations conducted on animal

models as well as from clinical, serologic, and histopathologic data collected on patients with acute idiopathic hearing

loss. Several studies suggest that patients with SNHL, especially those with sudden onset , could be the result of a

viral infection and Herpesviridae are currently considered the most likely etiological factor. A particular cochlear tropism of

CMV has been reported in post-mortem inner ear of an immunocompromised patient who died from the complications of

acquired disseminated infection by CMV .

There are many studies showing an association between congenital CMV infection and SNHL; however, the evidence to

support an acquired CMV infection is limited. Most CMV infections have few symptoms and the inner ear damage

associated with SNHL may be delayed, the causality being difficult to demonstrate.

2. The Association of Acquired Human Cytomegalovirus Infection with
Hearing Loss

The first report describing an association of acquired CMV infection with SNHL was published 40 years ago; however, the

pathogenic mechanism of hearing loss is not fully understood. Our systematic review shows that acquired CMV infection

demonstrated by PCR or ELISA is not significantly associated with SNHL in adults or children and the evidence to support

an association between acquired CMV infection and SNHL is weak.

We have identified nine case-control studies to assess the association between acquired CMV infection in adults or

children and SNHL. However, only six studies resulted appropriate to calculate the pooled OR. Among these studies, the

frequency of SNHL in individuals with acquired CMV infection was slightly higher (19.78%) compared to the frequency of

CMV infected individuals without SNHL (15.86%). However, given that only six studies could be selected for the

metanalysis and the study of Verbeeck et al.  contributed with 48% of the individuals, we cannot rule out a bias.

Overall, according to the meta-analysis, CMV shows no association with SNHL, while the association with tinnitus has not

been investigated. For viral infection diagnosis, PCR and ELISA tests were the most used methods in these reports. The

variability of the audiological profile of the CMV infected patients can result from a broad possibility of causes of hearing

loss. Among them: the clinical condition of the patients, making them susceptible to numerous opportunistic infections,

ototoxic drugs, and the action of the virus itself.

Four of the selected studies reported hearing thresholds. Two studies  described the same hearing thresholds (<40

dB) in case and control groups. However, the other two studies  showed differences among the case (mean 78 dB)

and control groups (mean 60 dB). Paryani et al. reported a high frequency SNHL (>4000 dB) in all cases. Unfortunately,

none of the studies included information about the age of onset of SNHL.

An examination of human temporal bones along with studies of animal models indicates that CMV (or a CMV protein) may

be present in the sensorineural epithelium and the spiral ganglion neurons. This may cause damage to the inner ear by

virus-mediated damage to hair cells, supporting cells or neurons, and/or secondary to host-derived inflammatory

responses to CMV in the ear, resulting in injury to the cochlea and hearing loss . However, this hypothesis does not

fully explain the progressive and late-onset nature of CMV-related hearing loss. How CMV is related to the pathogenesis

of SNHL is not known, and limited audiological assessment in patients with confirmed congenital CMV infection has been

performed in most studies to determine if the primary damage occurs at the organ of Corti or the auditory nerve fibers.

Moreover, CMV may affect the inner ear by several mechanisms that might include: (a) labyrinthitis secondary to a

viremia, (b) labyrinthitis or neuritis secondary to meningitis, (c) a cranial polyneuropathy, (d) reactivation of a latent

infection in spiral ganglion neurons, or e) alteration of the cellular immune response .

As a result of molecular mimicry between viruses and inner ear tissues, humoral and/or cellular immune responses in the

endolymphatic sac or the cochlea could cause auditory and/or vestibular pathologies. Mechanisms for inner ear injury

may be influenced by temporary alterations in cellular immunity secondary to simultaneous viral infections as well as the

virulence of CMV. To define a virus as an etiologic agent for hearing loss, three criteria should be satisfied: (1) successful

isolation of the virus from the perilymph or endolymph, (2) morphological identification of the virus in cochlear cells by

electron microscopy or by characteristic cytopathological changes, and (3) detection of viral antigen in the cochlear cells

by immunohistochemical analysis . These criteria are difficult to fulfill in human cases, as hearing loss is not fatal and
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the encasement of the inner ear in dense temporal bone makes it difficult to study in vivo. Collecting appropriate samples

from the inner ear of a living subject for virus isolation purposes would require considerable technical skill and has a low

(but significant) risk of permanent deafness. Recently, cochlear implants have become the established therapeutic method

for treating SNHL, and it is now possible to collect perilymph at surgery .

Acquired CMV infection of the inner ear might be associated with SNHL, but evidence to support causality in the

pathogenesis of hearing loss in children or adults is limited. The cochlear lesions in congenital CMV infection are diffuse,

but predominate in the stria vascularis in a mouse model . The stria vascularis is one of the most highly vascularized

covering and lining epithelia found in mammals and the only one containing intra-epithelial vessels. The CMV may

therefore penetrate the inner ear by this route and infect the marginal epithelial cells . Nevertheless, histopathological

studies are limited in adults .

Active infection and inflammation were also found in the saccule and utricle, predominantly in the non-sensory epithelial

cells such as the transitory cells and dark cells. Active CMV replication was noted in the inner ear epithelial cells,

mesenchymal tissue, and bone marrow cells, but not in the highly differentiated neurons or sensorineural cells, according

to experimental data . In any case, establishing whether a virus (or another infectious agent) is relevant in the

pathophysiology of a neurotological condition involves a claim beyond the plausibility of virulence and a significant

association .

Some data show that congenital CMV-related hearing loss is associated with ongoing viral replication in the inner ear

several years later after birth . However, some reports have investigated the relationship between congenital CMV

infection and hearing impairment. The discovery of viral DNA in the perilymph of three of the subjects enrolled in these

studies provided an in vivo demonstration that Herpesviruses could be isolated in the inner ear when it occurs in postnatal

age .

There is an ongoing debate about the etiology and pathophysiology of SNHL in adults. In particular, an extensive

disagreement exists regarding the role of different viruses in the onset of idiopathic sudden SNHL. The most accepted

cause of SNHL, regardless of the patient’s age, is viral labyrinthitis . The finding of a prior viral infection in as many as

30–40% of SNHL patients presumably support this statement. However, several studies using conventional viral

diagnostic tests have not confirmed that a viral infection is a common cause of SNHL . According to the limited

evidence, 60% of individuals without SNHL have antibodies anti-CMV IgG .
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