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Abstract

regarding congenital cytomegalovirus (cCMV) infection-related
Objective: This review aimed to summarize research progress
nervous system diseases and their mechanisms.
Data sources: All literature quoted in this review was retrieved from PubMed and Web of Science using the keywords
“Cytomegalovirus” and “Neurologic disease” in English. To identify more important information, we did not set time limits.
Study selection: Relevant articles were selected by carefully reading the titles and abstracts. Then, different diagnosis and clinical
treatment methods for human CMV infection-related neurologic diseases were compared, and the main mechanism and
pathogenesis of neurologic damage caused by CMV were summarized from the selected published articles.
Results: cCMV infection is a major cause of neonatal malformation. cCMV can infect the fetal encephalon during early gestation
and compromise neurodevelopment, resulting in varying degrees of neurologic damage, mainly including hearing impairment,
central nervous system (CNS) infection, neurodevelopmental disorders, ophthalmic complications, cerebral neoplasms, infantile
autism, epilepsy, and other neurologic abnormalities.
Conclusions: cCMV infection-induced neurodevelopmental abnormalities, whichwere directly caused by fetal encephalon infection,
thus inducing neuroimmune responses to damage nerve cells. Such abnormalities were also caused by suppression of the
proliferation and differentiation of neural progenitor cells by CMV’s gene products. cCMV infection in the fetal encephalon can also
inhibit neuronal migration and synapse formation and indirectly trigger placental inflammation and thus disrupt the oxygen supply
to the fetus.
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Introduction encephalon, which can be divided into four major stages:

neurogenesis, migration, neurite outgrowth, and synapse
Human cytomegalovirus (CMV), which belongs to the
neurotropic beta-herpesvirus family, is the largest and
most complex member of the human herpesvirus family[1]

and can infect almost every cell type, including epithelial
cells, endothelial cells, smooth muscle cells, neurocytes,
and sustentacular cells of the central nervous system
(CNS), retinal epithelial cells, dermal fibroblasts, and
monocytes/macrophages. However, the production of
infectious virions in different cell types varies widely,
ranging from very low (macrophages) to very high
(fibroblasts). Infection with CMV is highly species specific;
humans are the only hosts of human CMV.

The development and maturity of the nervous system are
part of a stepwise process involving differentiation of
neural tissue and morphologic differentiation of the
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formation. Histologically, this process is very complicated
and includes cell proliferation, differentiation, migration,
death, and formation and modification of synapses, while
the differentiation of the brain involves its development
from the nerve plate into the CNS and the peripheral
nervous system with various forms and functions. Two
basic factors affect neurodevelopment, including the
interaction of gene expression in nerve cells with external
factors and the interdependence of nerve cells and glial
cells. Therefore, CMV can invade the CNS during any
stage of neurodevelopment, resulting in congenital or
perinatal infection, and cause neurodevelopmental disor-
ders or other neurologic diseases through acute or
persistent viral infection to impede the proliferation and
differentiation of neural stem cells.
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Congenital CMV (cCMV) infection affects 0.2% to 2.2%
(average 1%) of neonates in the United States,[2] but only

because deafness in children is always delayed or
progressively intensifies, most children with infections

Chinese Medical Journal 2019;132(17) www.cmj.org
approximately 10% of newborns have obvious clinical
manifestations. However, 10% to 15% of asymptomatic
human CMV infections result in long-term neurologic
sequelae.[3] The pathogenesis of human CMV infection of
the CNS during fetal development is still poorly under-
stood, although studies have indicated that human CMV
infection of the CNS caused different structural abnormal-
ities at different fetus ages, including periventricular
calcification, ventriculomegaly, and various developmen-
tal anomalies. Sensorineural hearing loss (SNHL) is the
most common long-term sequelae of cCMV infection.[4]

Moreover, cCMV infection is closely related to micro-
cephaly, mental retardation, hydrocephalus, brain tumors,
seizures, and autism. This review aimed to summarize
neurologic diseases caused by cCMV infection in neonates
and the possible pathogenesis of cCMV infection as
determined thus far.

Human CMV-related Neurologic Diseases in Neonates
110
Sensorineural hearing loss

Any structural abnormality or dysfunction in the auditory
pathway can manifest as varying degrees of hearing loss.
Approximately 700 million people worldwide have a
moderate or higher degree of deafness, and more than 20
million people have hearing and speech disabilities in
China. Deafness can be classified into organic deafness,
sensorineural deafness, and mixed deafness according to
different pathologies and lesion areas. Sensorineural
deafness is always caused by damaged hair cells in the
cochlear helix and the auditory nerve pathways, resulting
in sound perception, neurotransmission, and cortical
dysfunction. cCMV infection can impair auditory func-
tion, and the number of children with hearing loss has
gradually increased over the past five decades,[5] with
CMV infection as one of the major causes of nongenetic
SNHL in developed countries.[6] A related systematic
analysis showed that the prevalence of cCMV infection
was 0.58%, and 9.8% of cases were symptomatic while
90.2% were asymptomatic. Deafness accounted for
32.8% of symptomatic CMV infections and 9.9% of
asymptomatic infections; thus, cCMV infection was
considered the leading cause of SNHL.[7] In addition,
the study by Smiechura et al[8] found that 17% of children
with cCMV infection also had SNHL. In France, cCMV
infection is the secondmost important cause of hearing loss
in children except for connexin mutations.[9] The degree of
hearing loss caused by cCMV infection can range from
unilateral to bilateral hearing loss, and the loss may persist
or worsen after the perinatal period. The same hearing
impairment may be caused regardless of the affected area
of the auditory system or the phases of auditory system
development affected by CMV.

The extensive effects of hearing loss in neonates include
serious impacts on their learning capacity and ultimately
delayed language comprehension,[10] and these negative
effects persist into adulthood, implying that early
screening, diagnosis and prophylactic treatment are
essential for children with cCMV infection. However,
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are asymptomatic, with complicating diagnosis and
screening during the neonatal period. The most widely
used screening methods are as follows. Firstly, the auditory
brainstem response is the crucial method for newborn
screening without the influence of wakefulness. Secondly,
the urinary CMV-DNA viral load has been reported to be
associated with neurogenic hearing impairment, and
hearing impairment is more likely to occur when the
CMV-DNA load reaches 1.415 � 106/mL.[11] Children
with thrombocytopenia should also be monitored for
hearing strength during CMV infection.[11] However,
whether a dried blood spot (DBS) test is effective for
predicting SNHL induced by CMV infection remains
controversial. A retrospective study suggested that the DBS
test was an effective method for retrospective diagnosis of
cCMV infection and may serve as a definitive diagnosis
method for SNHL.[12] However, Ross et al[13] proposed
that polymerase chain reaction (PCR) detection in
neonatal DBS samples had very low sensitivity and
specificity in predicting SNHL induced by CMV infection
at birth and at 4 years old. Moreover, CMV IgM and IgG
detected early in serum can be used as prognostic factors
for deafness,[14] although the sensitivity and specificity in the
diagnosis of cCMV infections are insufficient. Currently,
PCR amplification to detect CMV viral DNA is quite
sensitive and requires various common clinical samples,
such as urine, cerebrospinal fluid, blood, plasma, saliva, and
biopsy, although no effective diagnostic imaging methods
are available to diagnose cCMV infection-induced deafness,
which warrants further exploration.

Regarding the prevention and treatment of hearing loss
caused by cCMV infection, ganciclovir treatment of cCMV
infection during the perinatal period may improve the
long-term persistence and reduce the risk of hearing loss to
some extent, whereas this treatment may also cause
neutrophilic granulocytopenia.[15] Hearing aids and
cochlear implants are effective treatments for hearing-
impaired children and can significantly improve language
comprehension, especially in younger children,[16] al-
though these devices cannot completely correct the
language delays caused by cCMV infection.[17] As long
as cochlear implants are placed early in babies, the age at
diagnosis and hearing loss progression in infants have little
effect on postoperative outcomes.[18] In conclusion, early
cochlear implants in children with cCMV-induced hearing
loss can contribute to improved language comprehen-
sion,[19] although it cannot be fully recovered.

SNHL is the most common disability caused by cCMV
infection and has dramatic, long-term impacts on the lives
of children. Thus, auditory function must be monitored
early in children with cCMV infection to prevent hearing
loss through early intervention.[20] Intrauterine growth
restriction, petechiae, hepatosplenomegaly, thrombocyto-
penia, intracerebral calcification, the severity of illness at
birth, and the viral load may be valuable predictors of
hearing loss in children with symptomatic cCMV infec-
tion.[21-25] Identifying an effective imaging method to
predict hearing impairment will be significant for the
recovery of hearing loss.
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Neurodevelopmental disorders growth retardation, ventriculomegaly, and a lack of
amniotic fluid. When the child was 5 years old, he had
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Neurodevelopmental defects are abnormalities in struc-
ture, function, metabolism, mind, behavior, and inheri-
tance caused by disorders of embryonic development.
Various teratogenic agents can induce different develop-
mental defects by interfering with embryonic development
during different stages. The coordination of multiple
processes, including neuroinduction, regulation of the cell
cycle, expression of neuron-specific genes, and differentia-
tion of neural precursor cells, is important during the
development of the CNS, which undergoes a long journey
from the 15th day after fertilization until delivery of the
fetus (the sensitive period is 15–37 days of oosperm
establishment). During this period, many factors, such as
hormones, neurotrophins, environmental factors, malnu-
trition, viral infections, folic acid deficiency, and dementia,
may lead to abnormalities in neurodevelopment. Congeni-
tal disease and placental damage have long been recog-
nized to be more severe when primary maternal infection
with CMV occurs in the first trimester, which may
compromise placental development and lead to compli-
cations including fetal intrauterine growth restriction, a
hallmark of congenital infection, and thus result in
structural abnormalities and dysfunction of the nervous
system, mainly including microcephaly, calcification
around the ventricle, and ventriculomegaly.[24]

Whether cCMV infection can cause mental retardation is
still uncertain.[25] Early studies demonstrated that cCMV
infection affects the mental development of children, which
has a dramatic impact on their long-term behaviors and
presentations.[26,27] However, in a later study, Pearl and his
colleagues[28] did not find strong evidence of mental
retardation caused by cCMV infection. An early 10-year
follow-up study showed that children with cCMV infection
are unlikely to be at an increased risk of subsequent
neurodevelopmental disorders if they did not show any
abnormal development at 12months of age.[29]However, in
China, cCMV infection can damage the mental develop-
ment of children, especially language comprehension, and
themechanismmay be related to neurologic damage caused
by persistent infection.[30] Microcephaly at birth was
the most specific predictor of mental retardation and
dyskinesia, but general abnormalities such as abnormal
white matter and a single calcification on fetal magnetic
resonance imaging (MRI) did not correlate with the state
of neurodevelopment.[31,32] Additionally, children with
hearing loss caused by cCMV infection were more likely
to present neurodevelopmental disorders, which mainly
manifested as impaired motor skills, executive functions,
perception, language, learning, and social skills and more
emotional problems.[33] In conclusion, symptomatic cCMV
infection is more likely to compromise neurodevelopment
than asymptomatic cCMV infection, which should be
brought to the forefront.

CMV infection during early gestation is more likely to
generate neurodevelopmental defects,[23,34] possibly be-
cause CMV invades the fetus while neurodevelopment is in
progress during early gestation. A case report showed that
a child was infected with CMV at birth, and B-ultrasonic
examination during pregnancy revealed intrauterine
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obvious neurologic damage, mainly characterized as brain
atrophy, spastic quadriplegia, and cortical blindness,[35]

which implied that B-ultrasound examination during
gestation shows signs of abnormal vision or brain
development that can predict neurologic development-
related diseases to some extent.[32] Although fetal MRI has
been widely recognized, its role in determining the
prognosis of cCMV infection remains inconclusive because
the MRI examination is highly sensitive to detecting small
lesions in the white matter region and inflammation in the
lesion region, which may be reversible without
compromising the long-term neurodevelopmental sta-
tus.[32,36] In terms of the prevention and treatment of
neurodevelopmental disorders caused by cCMV infection,
studies have shown that intravenous ganciclovir treatment
for 6 weeks in children with CNS cCMV infection at ages
ranging from 6 to 12 months may improve neuro-
developmental delay.[37] In addition, the state of neuro-
development should be monitored via B-ultrasound and
MRI examinations in children with cCMV infection
during the perinatal period, and early treatment may
improve the prognosis of neurodevelopmental disorders.

Ophthalmic complications

Organogenesis of the oculus uterque, nose, and encephalon
is a coevolutionary process regulated by the same genes,
indicating that the oculus uterque is inextricably most
closely related to the development of the nervous system.On
the22nddayof embryonic development (at the beginningof
the fourth week), the optic sulcus derives from the neural
ridge on both sides of the forebrain developed from the
neural tubeand then initiates thedevelopmentof the embryo
eye. Ocular diseases caused by CMV infection mainly
include retinochoroiditis, which manifests as strabismus,
optic atrophy, microphthalmia, cataract, retinal necrosis
and calcification, blindness, and malformation of the atria
and optic disc as detected by pupillography. Infants with
symptomatic cCMV infection accounted for approximately
14% of cases of chorioretinitis at birth,[38] which is lower
than the rate among patients with congenital toxoplasmosis
infection. However, chorioretinitis is difficult to distinguish
based on infection sites and clinical manifestations[39]

because the choroid is attached to the retina, and choroidal
inflammation always involves the retina, which is called
choroidal retinitis and is a common fungal disease mainly
characterized by blurred vision, central scotoma, visual
discoloration, and distortion. The diagnosis of related
ophthalmic diseases caused by CMV infection depends on
ophthalmologic examination. Currently, no established
definitive treatment is available for choroidal retinitis caused
by cCMV infection. In 1 case report, a child with cCMV
infection presented with multifocal retinal choroiditis
approximately 3 months after birth. After 6 weeks of
antiviral treatment with ganciclovir, the lesions were less
active, although they were not fully resolved,[40] which
indicated that antiviral treatment can improve the progres-
sion of chorioretinitis caused by cCMV infection.[41]

Cytopathic retinitis and immune reconstitution syndrome,
such as chorioretinitis-vitreous, are two different entities of
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CMV-associated ophthalmologic complications after
transplantation,[42] while visual impairment and strabis-

In conclusion, CMV and its gene products can exert both
oncogenic and oncomodulatory effects, which may control
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mus are the main ophthalmologic complications associated
with symptomatic cCMV infection. Acquired visual
impairment and blindness due to CMV infection may be
caused by cortical damage, optic atrophy, and retinal
abnormalities.[43,44] Although a few experimental studies
on cCMV infection-associated ophthalmologic complica-
tions have been conducted, no definitive treatment has
been established.[45] Without detection, symptomatic
cCMV infection can lead to moderate or even severe
visual impairment, which will have negative long-term
impacts on the lives of children. Therefore, efforts should
be increased to monitor visual acuity (VA) and ophthal-
mologic diseases in children with cCMV infection.

Cerebral neoplasms
112
Tumors are characterized by abnormal cell proliferation
and differentiation resulting from abnormalities of gene
expression under the influence of carcinogens. Primary
intracranial tumors derived from parenchymal cells of the
nervous system are located intracranially, and astrocyto-
ma, the most common primary cerebral neoplasm,
accounts for more than 80% of gliomas. The primary
cerebral neoplasms derived from nonbrain parenchymal
cells are metastatic tumors. Gliomas and medulloblasto-
mas are the most common cerebral neoplasms in children.

CMV gene products, which are only expressed inside
tumor cells but not around tumor cells,[46-48] are more
frequently observed in cerebral neoplasms, such
as glioblastoma (adults) and medulloblastoma
(children),[49-51] and are also highly expressed in general
tumors, such as breast cancer, colon cancer, and prostatic
carcinoma. Cobbs et al[51,52] first observed immediate-
early 1 (IE1) gene product IE1-72 immunoreactivity in
biopsies of malignant gliomas, which was not found in
patients with Alzheimer disease, stroke, or encephalitis.
Although they did not establish a causal role for CMV in
the glioma pathogenesis, their findings indicated that CMV
can facilitate glioma progression to some extent. The CMV
infection rates and the expression of IE proteins were high
in primary medulloblastoma, medulloblastoma cells, and
allograft medulloblastoma, and the high expression of
CMV gene US28 resulted in signal transducer and activator
of transcription 3 (STAT3) phosphorylation, activation of
the Wnt pathway, enhancement of cyclooxygenase-2
(COX-2) expression, production of vascular endothelial
growth factor, increased production of prostaglandin E2
and interleukin-6 (IL-6), and enhanced inflammation.[49] In
patients with malignant gliomas, lower levels of CMV viral
expression were associated with improved survival, imply-
ing that the specific treatment of CMV using anti-virus plus
COX-2 inhibitors may provide new ideas for the treatment
of cerebral neoplasms.[52] Studies have shown no correla-
tion between the CMV viral load and glioblastoma in
peripheral bloodand tumor tissues.[50]However,CMVmay
promote tumor formation and progressive deterioration
of cerebral neoplasms through reversion of malignant
phenotypes,[53] with US28 promoting the proliferation of
malignant tumor cells by activatingCOX-2[54] and inducing
tumor supportive monocytes.[55]
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cell cycle progression through interactions with p53,
retinoblastoma protein (Rb), and cycling and promote
tumor formation by activating oncogenic signaling path-
ways such as the phosphoinositide 3-kinase (PI3K)/protein
kinase B (Akt)/mammalian target of rampamycin (mTOR)
pathway and mitogen-activated protein kinase (MAPK)/
extracellular signal-regulated kinase (Erk), Wnt, and
nuclear factor-kappa-light-chain-enhancer of activator B
cells (NF-kB) pathways and inducing oncogene expression
and telomerase activity.[56] However, the exact mechanism
of CMV-encoded proteins in oncogenesis and tumor
progression remains unclear.

Infantile autism
Autism, also known as autistic disorder, is a representative
disease of pervasive developmental disorders (PDDs). The
main characteristics of autism are social dysfunction,
communication disorders, language delays, stereotyped
behavioral repetitions, and significant limitations of
interest. The Diagnostic and Statistical Manual of Mental
Disorders, 4th Edition, Text Revision (DSM-IV-TR)
divides PDDs into 5 subclinical types, including autistic
disorders, Rett syndrome, childhood disintegrative disor-
der, Asperger syndrome (AS), and unspecified PDDs.
Among these types, autism and AS are more common.
The common age at the diagnosis of autism is 3 to 6 years
old, but some children are diagnosed at 2 years old.[57]

The prevalence of autism is approximately 0.7% to 1.0%,
and the prevalence in males is approximately four-
times higher than that in females.[58] Genetic variability
can be identified in up to 25% of patients diagnosed
with autism, which provides a valuable clue for exploring
the neurodevelopmental mechanisms.[59] The major genes
implicated in autism are associated with metabolism,
chromosome modification, mRNA regulation, protein
synthesis, and synaptic function.[60] Moreover, an
abnormal intrauterine environment and genetic suscepti-
bility may be responsible for the increased prevalence
of autism, indicating that environmental abnormalities
may be one of the risk factors for the development of
autism.[61]

cCMV infection is involved in the occurrence of
autism,[62-64] especially CMV infection during the third
trimester of gestation, which may increase the risk of
autism.[65] Engman et al[66] investigated the incidence of
cCMV infection in children with autism by detecting the
CMV-DNA load in DBSs and showed that cCMV
infection may be one of the causes of autism, especially
in patients with intellectual disability. Sakamoto et al[67]

retrospectively examined the relationship between cCMV
infection and autism and showed that the incidence of
autism among children with cCMV infection was
significantly higher than that among controls. At present,
little is known about the role of cCMV infection in the
pathogenesis of autism, and most papers are case
reports.[68,69] Nevertheless, the incidence of autism is
rapidly increasing, and the long-term prognosis is not
promising.[70,71] In addition, an early study showed that
congenital rubella virus infection was associated with
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autism[72] and that the rubella vaccine can reduce the
incidence of autism, which may provide new perspectives

during the first year of life despite a lack of significant
structural damage to the CNS.[88]
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for research on the pathogenesis and early prevention of
autism.[73]

Other neurologic abnormalities
cCMV infection compromises neurodevelopment, which
not only results in severe neurologic diseases but also
causes some microlesions at a low incidence and mild
brain injury. Accumulation of these mild injuries may lead
to severe dysfunctions. Early studies suggested a possible
association of CMV infection with abnormal electro-
encephalograms and neurologic dysfunction after febrile
convulsions and epilepsy.[74,75] Additionally, CMV virus
titers were associated with decreased cognitive ability in
healthy adults, and CMV seroprevalence and antibody
levels may be related to hippocampal volume.[76]

Interestingly, high levels of CMV IgG in patients with
schizophrenia and bipolar disorder are closely related to
reduced hippocampal volume and poorer episodic verbal
memory. In addition, CMV infection-related microceph-
aly, cerebral cortical dysplasia, white matter abnormali-
ties, brain cleft, and intracranial calcification should not
be ignored.[77-80]

Furthermore, in patients with acquired immune deficien-
cy syndrome (AIDS), an early study showed that CMV
mainly causes five distinct neurologic syndromes: retini-
tis, myelitis polyradiculopathy, encephalitis with demen-
tia, ventriculoencephalitis, and multiple mononeuritis.[81]

Although detection of CMV-DNA through cerebrospinal
fluid PCR has been demonstrated to be a useful tool that
appears to be a sensitive and specific diagnostic method
for CMV-related CNS disease in patients with AIDS,
these CMV-related CNS diseases are uncommon and still
difficult to identify before death.[82,83] However, the
incidence of CMV retinitis has increased, which is a
major cause of vision loss in patients with AIDS,
especially in the highly active antiretroviral therapy
(HAART) era (CMV retinitis in the posterior pole) and
retinitis-related retinal detachment remain common
causes of vision loss among patients with CMV retinitis
despite the widespread use of HAART.[84] Some inves-
tigations have shown that the incidence of VA loss in eyes
affected by CMV retinitis was high and that the use of
HAART, particularly with subsequent immune recovery,
can reduce the incidence of VA loss.[84-87] However,
studies on vision loss caused by CMV retinitis in pediatric
patients with AIDS are rare, possibly because blindness or
visual impairment always occur during the terminal life
of patients with AIDS.

Pathogenesis of CMV-related nervous system diseases
113
CNS infections are unique to cCMV infection, and this
manifestation is rare in most immunocompromised
transplant patients. Although CMV encephalitis has been
reported in patients with AIDS, infection of the CNS with
CMV and CMV intrauterine infection are different clinical
and pathologic conditions. cCMV infection in infants
involving the CNS is always associated with persistent
CMV infections, which can cause progressive hearing loss
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Little is known about the pathogenesis of CMV infection
and the associated damage to the development of the fetal
CNS, mainly due to the insufficient number of cases in
autopsy studies, and species specificity limits the establish-
ment and development of related animal models. The
murine CMV infection model is useful to study the
pathogenesis of CMV infection in the CNS, but murine
CMV does not cause cCMV infection in mice. By directly
injecting murine CMV into the brains of neonatal mice to
stimulate cCMV infection, intracranial infection with
CMV in neonatal mice has been demonstrated to reduce
the proliferation of neural progenitor cells, cause the loss
of numerous neuronal cells in the early stages of
differentiation, and thus interfere with neurodevelop-
ment.[89] Using the same method, Seleme et al[90] found
that tumor necrosis factor-alpha and its downstream
molecules are involved in CMV-induced cerebellar
dysplasia, which implied that suppressing CMV infec-
tion-induced inflammation may reduce its damage to
neurodevelopment. Additionally, intrauterine injection
on the E15 day of gestation is another method to establish
cCMV-infected animal models. The results show that
early activation of microglia, peripheral leukocyte
infiltration, and transient transcriptional upregulation
of some chemokines may play important roles in the
initiation phase of intracerebral rat CMV infection during
neurodevelopment.[91] However, whether such events are
beneficial or harmful to the spread of CMV infection
requires further investigation.

Human embryonic tissue is also an effective tool to study
the mechanism of cCMV infection in neurodevelopment.
Gabrielli et al[92] studied 45 embryos at 21 to 22weeks and
found that a higher virus titer in organs corresponded to
more severe immune responses and organ damage. They
suggested that cCMV infection-induced CNS developmen-
tal defects mainly through the following mechanisms: in
the encephalon, CMV infection can directly cause
inappropriate immune responses, and in the placenta,
CMV infection leads to placental dysfunction and fetal
hypoxia, which indirectly compromise encephalon devel-
opment. An in vitro study confirmed that no difference in
susceptibility to CMV infection existed regardless of the
gestational age of the donor tissue, and they found that
initiation differentiation at least partially promoted CMV
infection.[93] CMV can infect almost all types of cells but
has markedly higher tropism for stem cells/radial cells. The
density of CMV-positive cells and the tropism of CMV for
stem/progenitor cells were the two crucial factors
determining neuropathologic outcomes at the early stages
of fetal development in CMV-infected individuals.[94] The
IE protein 2 (IE2) encoded by human CMV can negatively
regulate the proliferation and self-renewal of neural stem
cells by reducing the number of neural stem cells, leading to
microcephaly at postnatal stages and suppressing newborn
neuronmigration, which disrupts the connectivity between
neurons.[95]

In conclusion, CMV infection can inhibit the proliferation
and differentiation of neural stem cells, and CMV’s gene
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products are involved in neural stem cell apoptosis and
autophagy abnormalities, which lead to nervous system

neural progenitor cells, thus inhibiting neuronal migration
and synapse formation, or indirectly by triggering

Figure 1: cCMV infection-related neurologic damage and its mechanism. CMV interferes with neurodevelopment by directly infecting the fetal brain to inhibit the proliferation and
differentiation of neural progenitor cells or indirectly by triggering placental inflammation to block the oxygen supply to the fetus, which finally causes neurodevelopmental abnormalities.
CMV: Cytomegalovirus; cCMV: Congenital cytomegalovirus; IL-10: Interleukin-10; NK cell: Natural killer cell; TNFa: Tumor necrosis factor a; IE2: Intermediate early protein 2.
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infections and neurodevelopmental disorders.[96,97] In
addition, IL-10 may protect brain tissue from neurologic
injury due to CMV infection by inhibiting chemokine-
induced neuroimmune activation and then restricting
encephalon damage.[98] In addition, severe deafness was
associated with moderate vestibular dysfunction, and
widespread cell degeneration, fibrosis, and calcification
have been reported in the cochlea and vestibular system of
a 14-year-old patient with extensive sequelae due to cCMV
infection,[99,100] suggesting that viral cytopathic effects
during the development of the hearing system lead to cell
damage and vestibular dysfunction, which may constitute
the mechanism of hearing loss caused by cCMV infection
(Figure 1).

Conclusions
114
Human CMV compromises neurodevelopment directly by
infecting the fetal encephalon and then inducing neuro-
immune responses to damage nerve cells or by its gene
products inhibiting the proliferation and differentiation of
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placental inflammation and thus disrupting the oxygen
supply to the fetus, ultimately causing neurodevelopmental
abnormalities, such as developmental defects, mental
retardation, ophthalmic complications, cerebral neo-
plasms, infantile autism, and epilepsy. Additionally,
human CMV infection during the development of the
hearing system leads to auditory impairment, which has an
extensive influence on the long-term working lives of
children (Table 1). Currently, studies on the pathogenesis
of neurodevelopmental disorders and hearing loss in
infants with cCMV infection are lacking. In addition,
neurologic damage in the CNS is mostly irreversible,
complicating treatment, and the achievement of break-
throughs in related studies. Therefore, to improve the
prognosis of cCMV infection and decrease sequelae,
prenatal diagnosis and diagnosis of acquired perinatal
infection should be improved, and newborn hearing
screening and testing should be increased, which may
contribute to the early diagnosis and prevention of CMV
infection and a reduction in corresponding neurologic
injuries.

http://www.cmj.org


Table 1: Major nervous system diseases caused by human CMV infection.

Neurologic diseases Manifestations Diagnostic methods Treatments Possible pathogenesis

SNHL Sensorineural hearing
loss

(a) ABR
(b) Urinary CMV-DNA

viral load reaches
1.415 � 106/mL

(c) DBS
(d) Serum human CMV

IgM and IgG
(e) PCR amplification

of CMV viral DNA
(f) Thrombocytopenia

(a) Ganciclovir
(b) Hearing aid
(c) Cochlear

implants

Moderate vestibular dysfunction,
cell degeneration, fibrosis, and
calcification

Neurodevelopmental
disorders

(a) Microcephaly
(b) Fetal growth

restriction
(c) Calcification around

the ventricle
(d) Ventriculomegaly,

mental retardation

(a) B-ultrasound
(b) MRI examination

Ganciclovir (a) Suppressing the proliferation
and differentiation of neural
stem cells: The immediate-
early protein IE2 encoded by
human CMV can negatively
regulate the proliferation and
self-renewal of neural stem
cells and lead to microcephaly
at postnatal stages, and then
restrict newborn neurons
migration, which disrupted
connectivity between neurons.

(b) CMV infection can directly
cause inappropriate immune
responses in the encephalon.

(c) CMV infection leads to
placental dysfunction and fetal
hypoxia, which indirectly
undermine encephalon
development

Ophthalmic
complications

Retinochoroiditis:
strabismus, optic
atrophy,
microphthalmia,
cataract, retinal
necrosis and
calcification, blindness,
and malformation of
the atria and optic disc
on pupillography

Ophthalmologic
examination

Ganciclovir

Cerebral
neoplasms

(a) Malignant gliomas
(b) Medulloblastoma

CT, MRI Ganciclovir,
COX-2 inhibitor

Infantile autism Autism Not available Ganciclovir
Other neurologic
abnormalities

(a) Weakened cognitive
ability

(b) Schizophrenia and
bipolar disorder

(c) Microcephaly
(d) Cerebral cortical

dysplasia
(e) White matter

abnormalities
(f) Brain cleft
(g) Intracranial

calcification

MRI Not available

ABR: Auditory brainstem response; CMV: Cytomegalovirus; COX-2: Cyclooxygenase-2; CT: Computed tomography; DBS: Dried blood spot; DNA:
Deoxyribonucleic acid; IE2: Intermediate early protein 2; MRI: Magnetic resonance imaging; PCR: Polymerase chain reaction; SNHL: Sensorineural
hearing loss.
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