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Abstract: Cytomegalovirus (CMV) is a DNA virus, which affects all ages 
individuals. During the intrauterine life, CMV can affect the foetus and can 
produce severe morphological abnormalities, especially in the brain 
structure, leading to various neurosensorial deficiencies after birth. This 
study aims to demonstrate the utility of ultrasonography in identifying and 
establishing the long-term prognosis of the foetuses with CMV congenital 
infection. After a systematic review of the last 10 years literature, fifteen 
articles were considered from the databases for this study. The most 
frequently detected abnormalities are represented by periventricular 
cerebral calcifications, ventricular dilatations, cerebellar hypoplasia, 
leukomalacia, microcephaly, foetal ascites, ventricular septal defects, 
intrauterine growth restriction, oligoamnios or anamnios. These pathological 
aspects could influence the evolution of the foetuses, their long-term 
development and could also produce intrauterine death of the foetus. Also, 
the addition of MRI increases the power of ultrasound for the diagnosis of 
cerebral damages. These techniques could be complementary, but they 
should not exclude each other in exposed foetuses. 
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1. Introduction 
 
Cytomegalovirus (CMV) is defined as a 

common infectious agent, which has a 
great adaption to the host. On the 
evolutionary scale, CMV produced a series 
of immune evasion genes, which allowed 
the virus to persist into the organism in a 

latent state, and to infect other individuals 
with normal immune system, without 
producing any symptomatology [18]. 
Considering that CMV is an essential 
pathogenic agent widespread in the entire 
world that affects immunocompromised 
individuals, in the last decades, novel 
diagnostic tools for the detection of this 
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pathogenic agent have been developed. 
CMV infection is considered when CMV or 
viral proteins are detected in different 
body fluid, such as blood, serum, plasma, 
urine, or even tissues [27].  

This virus is the most representative 
beta herpesvirus and represents the 
leading cause of infectious congenital 
disabilities. The nucleocapsid consists of a 
230 kb double-stranded DNA, enclosed by 
a lipid double layer. The symptoms appear 
following primary infection, reactivation, 
or reinfection [1]. Regarding the 
congenital infection, in almost 10% of 
cases, the infection is diagnosed after 
approximately six months from the 
maternal transmission via placental 
circulation or by breastfeeding [3]. In the 
USA, the prevalence of congenital 
infection varies between 0.5/1000 and 
1.5/1000 live births [19]. Intrauterine 
infection is suspected in foetuses with 
intrauterine growth restriction, 
microcephaly, and intracerebral 
calcifications, detected by ultrasound. All 
these modifications may lead to cerebral 
palsy, mental retardation, visual defects, 
hearing loss, or seizures after birth [9]. In 
most of the cases, the sequelae occur 
when the primo infection happens in the 
first or the second trimester [35]. 

Congenital infections with CMV 
represent one common cause of hearing 
loss and neurological deficiencies. For this 
reason, intrauterine diagnosis and 
prognosis represent a significant challenge 
for the obstetricians, and the principal 
diagnostic tool is represented by 
ultrasonography. Moreover, some subtle 
findings could be discovered by 
ultrasound examination, but their value 
for the prognosis is still controversial [25]. 

The primary objective of the 
ultrasonography is to observe if high-risk 
foetuses developed any morphological 
anomalies of the central nervous system. 

Cytomegalovirus has a neurotrophic 
effect, which may generate a reduced 
proliferation and incomplete migration of 
the neurons and in some cases, abnormal 
neuronal distribution within the cortex. 
The inflammation induced by this virus at 
the level of astroglia can generate some 
neurotoxic factors, which can cause 
calcification or necrosis areas in the foetal 
brain [11]. The detection as soon as 
possible of these morphological brain 
anomalies related to the CMV intrauterine 
infection is crucial because it may permit 
the termination of pregnancy in countries 
where this action is possible before 24 
weeks of gestation and may predict long-
term outcomes of the pregnancy [14]. The 
majority of the brain abnormalities could 
be identified in the third trimester using 
ultrasonography and MRI. Few studies 
compared the efficiency of 
ultrasonography and MRI in the detection 
of cerebral abnormalities induced by CMV 
infection and concluded that these 
methods are complementary and MRI 
may provide a piece of additional 
information compared to those observed 
by ultrasonography [22]. 
 
2. Objective 
 

This study aims to evaluate the 
efficiency of ultrasonography in the 
diagnosis and prognosis of foetuses with 
congenital infection with CMV. We also 
aim to evaluate the outcome of the babies 
with and without abnormal ultrasound 
findings and to compare with abnormal 
magnetic resonance findings. 

 
3. Material and Method 
 

After a systematic review, we identified 
epidemiological studies, clinical cases, and 
meta-analysis regarding congenital 
infection with CMV and the 
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ultrasonographic features of the affected 
foetuses.  Thirty-five articles initially 
selected were considered from databases 
(PubMed, Google Academic, and Cross 
Ref) for this study, but only 15 fitted the 
area of interest of this review, gathering 
recent statistics. Relevant articles were 
selected by using the Mesh keywords: 
cytomegalovirus, congenital infection, 
ventriculomegaly, and neurological 
deficiencies. 
 
4. Results and Discussion  

 
In the last decades, the transmission of 

CMV has been well documented in cases 
of blood transfusions, organ replacement, 
and last but not least in pregnancy 
infections [45]. In addition, the horizontal 
transmission of the virus is carried out by 
other infected body fluids such as saliva 
and urine. The vertical transmission of the 
virus could be produced transplacental 
during the pregnancy, intrapartum when 
the fetus takes contact with the cervical 
and vaginal infected secretions and 
postpartum, through breastfeeding. The 
most important route of transmission is 
considered the transplacental way, which 
frequently leads to foetal neurological 
abnormalities [3]. The infection may be 
initially asymptomatic when the neonates 
will develop long-term sequelae, or 
symptomatic, which evolves towards both 
short and long term psychomotor 
impairments [17], [21].  

Considering the gestational age since 
contacting the virus, there is a directly 
proportional relationship between the 
rate of maternal transmission and the 
gestational age. In addition, the lower the 
gestational age is at the moment of 
infection, the higher is the risk for 
symptomatic infection [7], [16]. An 
interesting aspect of the primary infection 
with CMV in pregnancy is that the 

transmission rate to the foetus is yet 
undefined around the time of conception, 
both pre- and periconceptional. Also, 
periconceptional primo infection with this 
virus increases the risk of an unfavorable 
outcome, compared to pre-conceptional 
infection. For this reason, in these cases, 
adequate counselling should be adjusted 
accordingly [40]. 

The result of a study conducted by 
Kenneson and coworkers [21] showed that 
the prevalence of foetal infection in 
women with primary acquired infection 
during pregnancy is 14,2%, and in women 
with recurrent infection, the prevalence is 
ten times lower, of almost 1.4%. Several 
studies showed that the placenta is 
infected in almost all the cases with CMV 
primo infection in pregnancy, whether the 
foetus is affected or not. So, the placenta 
may be considered having a central role 
either in the foetal protection against 
infection or in the transmission of the 
virus, being a sizeable viral deposit.  

 Regarding the diagnosis tools, 
polymerase-chain-reaction (PCR) is 
considered the most sensitive method for 
virus detection. It is a quantitative method, 
which can detect the viral DNA into the 
amniotic fluid, and it reflects the viral load. 
The accuracy of the diagnosis usually 
depends on the gestational age. The 
sensitivity of PCR from the amniotic fluid is 
almost 30% before 21 weeks of gestation 
and jumps to 71% after 21st weeks [23]. 
Usually, the virus reaches the foetal kidneys 
after approximately seven weeks from the 
infection, so that the viral DNA will be 
present in the amniotic fluid only after 21 
weeks of pregnancy and after the latent 
period. Due to the difficulties of the 
serological diagnosis and the lack of typical 
findings, serological investigations for CMV 
infection in pregnant or pre-conceptional 
women is not imposed by the medical 
protocols [34]. 
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Foetal blood and amniotic fluid can be 
both used for the diagnosis of congenital 
infection with CMV. The foetal blood is 
collected from the umbilical cord, and 
specific IgM antibodies against CMV are 
being dosed. Furthermore, the viral load 
and the biochemical and haematological 
parameters should be correlated with the 
immunological status. High values of IgM, 
associated with the ultrasound 
appearance and biochemical status (high 
alanine aminotransferase (ALT/ALAT/ GPT) 
levels over 80 U/L, thrombocytopenia (less 
than 100,000 cells/mm3), and 
hyperbilirubinemia (up to 2 mg/dL) usually 
leads to a poor prognosis [8], [16].  

The screening for transplacental foetal 
infection, it is still controversial and widely 
discussed [32]. The screening may prevent 
congenital infections, and pregnant 
women must be informed to avoid all the 
sources of infection. The efficiency of CMV 
infection screening at the first prenatal 
visit was evaluated by Naessens and 
coworkers, and they showed that this 
procedure allows the detection of CMV 
infections in 82% of cases [31].  

In affected women, the certification of 
foetal infection is usually possible by non-
invasive (ultrasound examination) and 
invasive (amniocentesis) prenatal tests. 
Ultrasound is a non-invasive method of 
examination with high potential to detect 
any morphological abnormalities caused 
by this pathological agent. Its decreased 
sensitivity represents the main drawback 
of this technique, which allows the 
identification of no more than 5% of 
infected foetuses [44].  

Ultrasound only allows the detection of 
severely affected babies with obvious 
ultrasonographic anomalies. Meanwhile, 
more subtle features is possible not to be 
observed. Furthermore, a regular 
ultrasound examination revealed by a 
foetus with a high risk of infection cannot 

predict a normal outcome.  
CMV is a neurotropic virus, which 

spreads through the bloodstream, goes to 
the choroid plexus and replicates in the 
cerebrospinal fluid, capillary endothelium 
or into the germinal matrix. The damages 
produced at the level of the germinal 
matrix, usually result in neuronal 
migration defects, which lead to severe 
cerebral malformation. Also, the damage 
of the capillaries can produce thrombosis 
and secondary cerebral infarction [33]. 
The prognosis of the affected foetuses 
depends on the severity of the brain 
damages. The impairments in the neuro-
psychiatric development cover a 
multitude of affections, from minor 
intellectual deficits to severe ones, such as 
mental retardation. Some of the most 
dangerous affections are the 
neurosensorial deafness (0.4-2.3% of live 
births), secondary to the cochlear damage, 
blindness, secondary to severe 
chorioretinitis or developmental verbal 
dyspraxia [12], [46, 47]. Among the 
infected neonates, from 90 to 95% do not 
present any clinical sign at birth, but 
almost 30% could develop late 
complications, during the first year [41].  

Ultrasound could be a useful tool in the 
diagnosis of the infection because it 
reveals the modifications of the foetus 
and the placenta. The most typical 
ultrasound aspects, which indicate a 
possible foetal infection, are divided into 
two categories, cerebral and extracerebral 
changes. In many cases, congenital CMV 
infection remains undetected by routine 
ultrasound [26]. The most frequent 
morphological brain abnormalities consist 
of intracranial calcifications, 
ventriculomegaly (> 15 mm), 
periventricular hyperechogenicity, 
hydrocephaly, microcephaly (< 2DS), 
enlarged cisterna magna (> 8 mm), 
hypoplasia of the vermis, porencephaly, 
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lissencephaly, corpus callosum agenesis, 
and, sometimes, periventricular 
pseudocysts. Also, intrauterine growth 
restriction, ascites, hyperechogenic bowel, 
pleural effusion, oligohydramnios, 
microcephaly, or liver calcifications may 
be identified as ultrasonographic signs for 
foetal infection [8], [24], [28].  

A study conducted by Drose et al. [15] 
that used the ultrasonographic approach 
on 19 foetuses with suspected congenital 
CMV infection reported that only 5 of 
them presented central nervous system 
ultrasonographic damages. The findings 
included periventricular calcifications, 
microcephaly, and abnormal cerebral 
structure. From all these foetuses, three 
died immediately after the birth, one died 
at 23 weeks of pregnancy, and only one 
survived, but its prognosis was 
unfavorable because he had hearing loss 
and presented developmental delay.  

Porencephaly is a rare congenital 
disorder described as multiple cavities 
filled with CSF that results in cystic 
degeneration and encephalomalacia, and 
the formation of porencephalic cysts [6]. 
After birth, this affection might generate a 
poor prognosis, due to foetal hypotony, 
spastic contraction, spastic hemiplegia, 
cognitive impairments, lack of language 
development, growth retardation and 
developmental delay of the infected 
foetus. Moinuddin et al. [30] reported 
some ultrasound findings in a foetus with 
intracranial haemorrhage and 
porencephaly, presumed to be secondary 
to congenital CMV infection. The authors 
also correlated the ultrasonographic 
findings with magnetic resonance imaging 
findings. The investigators observed that 
the ultrasonographic image revealed 
multiple parenchymal cysts of the brain 
associated with porencephaly of the 
temporal and parietal region. They 
concluded that ultrasonography is an 

efficient diagnostic tool for the evaluation 
of the brain damages produced by CMV 
infection. 

Doneda et al. [14] conducted another 
study in order to show the diagnostic and 
prognostic value of foetal cerebral 
ultrasound compared to MRI, in affected 
fetuses. Thirty-eight foetuses with 
certified infection were examined using 
serial ultrasonography and MRI. Their 
results showed that both ultrasound and 
MRI findings were normal in 47% of cases. 
In 47% of the affected pregnancies, MRI 
generated some additional information, 
being better in the detection of polar 
temporal lesions, microencephaly, and 
cortical anomalies, compared to 
ultrasound. Both ultrasound and MRI were 
sensitive but had a low positive predictive 
value of the lesions, which may 
substantially influence the prognosis of 
foetal infection. 

In other two studies [5], [37], the 
authors compared the ultrasonographic 
and MRI findings in early pregnancies 
presumed to be infected with CMV. In the 
first study [5], MRI was performed at 31 
weeks of pregnancy, and the authors did 
not describe polar temporal lesions. Also, 
they did not highlight any difference 
between ultrasound and MRI findings. In 
the second study [37] were included 38 
foetuses with congenital CMV infection, 
from which only 23 cases performed an 
MRI before 25 weeks of gestation. Their 
results showed that MRI provided 
additional information regarding the 
damages of the cerebral substance.  

Tassin and coworkers [42] also reported 
some ultrasonographic findings in three 
cases of congenital CMV infection, such as 
periventricular hyperechogenic areas, 
small cerebellum, ventriculomegaly, 
distortion of the morphology of the 
cerebral structures. Moderate to severe 
cerebral findings are moderate 
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ventriculomegaly (10-15 mm), 
interventricular synechiae, cerebral 
calcifications, subependymal and choroid 
cysts, basal ganglia calcification, especially 
in the arterial endothelium. Basal ganglia 
calcification can be physiologically found 
in elder individuals, as a sign of aging, but 
when it is found in newborns, it has a 
pathological meaning, suggesting 
congenital CMV infection [2]. The vessels 
that supply the basal ganglia are not 
usually conspicuous on the cranial 
ultrasonography of the foetuses. Analysing 
the ultrasonography of five babies with 
congenital CMV infection, Teele and 
colleagues [43] observed that they had 
abnormally echogenic or "bright" vessels 
on cranial sonograms. They concluded 
that ultrasound might be useful in the 
detection of non-calcific inflammation and 
mineralization in vasculitis, as a sign for 
CMV infection.  

Corpus callosum agenesis consists in the 
absence of the part that connects the 
cerebral hemispheres and may be 
secondary to congenital CMV infection 
between 12 and 22 weeks of gestation. An 
epileptic episode in the first few weeks of 
life may draw attention to this condition if 
CMV infection is presumed. Mehta et al. 
[29] performed a case presentation of a 
baby with confirmed infection with the 
cytomegalic virus that also had corpus 
callosum agenesis, certified by ultrasound 
scanning and MRI. So, a proposed 
causative link between agenesis of the 
corpus callosum and congenital CMV 
infection may be discussed. 

Lissencephaly represents a cerebral 
defect described as a thickened cerebral 
cortex with few and large gyri and is 
results from abnormal migration of the 
neurons in the cortex. When the infection 
with CMV occurs between the 9th and 
12th week of gestation, lissencephaly may 
suggest the intrauterine infection with 

CMV [20]. Barkovich and coworkers [4] 
analyzed the cortical gyral patterns, 
myelination patterns, and focal brain 
lesions on 11 foetuses with confirmed 
congenital CMV infection. Lissencephaly 
was found in four patients, and the 
imagistic pattern consisted of small 
cerebellum and enlarged ventricles. In 
addition, five patients with variable small 
cerebellum and slightly enlarged ventricles 
presented foci of dysplastic cortex. The 
authors postulated that the association 
between a small cerebellum and 
myelination delay areas, associated with 
diffuse lissencephaly, could suggest the 
diagnosis of congenital CMV infection. 

Achiron et al. [1] reported the case of a 
foetus diagnosed with congenital CMV 
infection at 30 weeks of pregnancy. The 
imagistic findings revealed 
ventriculomegaly, subependymal cysts, 
bilateral synechiae into the occipital 
horns, and some abnormal 
hyperechogenic foci. So, the use of 
ultrasound on foetuses with congenital 
CMV infection enables a good and 
detailed image of the brain structure, 
allows a detailed study of the brain 
structures, and can predict the outcomes 
of the babies.  

Along with the foetal cerebral damages, 
CMV infection may also induce 
extracerebral anomalies, which can be 
observed by ultrasonography, such as 
hyperechogenic bowel, hepatomegaly 
especially of the left hepatic lobe, which 
appears more than 40 mm, intrahepatic 
calcifications, IUGR, oligohydramnios, 
polyhydramnios, ascites, pleural effusion, 
subcutaneous oedema, hydrops or 
enlargement of the placenta [13]. 

Ayoubi et al. [38] conducted a study on 
69 affected foetuses, and analysed the 
prenatal ultrasound findings. Ultrasound 
modifications were reported in 30 cases, 
as follows: 16 cases had both cerebral and 
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extracerebral abnormalities, 10 cases had 
only unusual brain features, and purely 
extracerebral features were described in 
only two cases. Nineteen cases had 
extracerebral features, and the most 
common were hyperechogenic bowel and 
intrauterine growth restriction. 

Peters and coworkers [36] also 
presented the case of a primigravida with 
abnormal serologic results at 18 
gestational weeks, and a positive result for 
CMV infection. The serial ultrasonographic 
scan of the foetus revealed intrauterine 
growth restriction, hydrops fetalis, and 
hyperechoic foetal bowel. The prognosis 
was deplorable and foetal death occurred 
at 32 gestational weeks.  

Yamashita et al. [48] made the first report 
of a foetus of 20 gestational weeks with 
congenital CMV infection, and 
ultrasonography revealed ascites and 
intrahepatic calcifications. The foetus lungs 
were decompressed by aspiration, and after 
the birth, the newborn did not present 
hypoplasia of the lungs or any other 
respiratory complications. Therefore, the 
careful serial ultrasound monitoring of the 
foetuses with CMV infection is necessary 
for a good prognosis.  

In order to predict the long-term 
prognosis of the infected foetuses, it is 
necessary to evaluate the clinical 
manifestation after birth and to find out 
the main cause for the cerebral injury. 
Inflammatory infiltration of the CNS or 
hypoxia due to placental damage are 
suitable for differential diagnosis in this 
condition. Only 10 to 15% of the foetuses 
from mothers with CMV primary infection 
in pregnancy are symptomatic.  

A recent study revealed that 86% of the 
symptomatic neonates have at least two 
typical manifestations of CMV infection, 
the majority is determined by cerebral 
damages. 12% of the neonates die during 
the first six weeks of life if the cerebral 

abnormalities are severe and can be 
ultrasonographically detected. The 
mortality rate remains low in 
asymptomatic neonates, but they usually 
develop neurosensorial impairment or 
growth abnormalities [9].  

Trans-fontanelar ultrasound, MRI or CT 
can reveal the neonatal diagnosis of the 
cerebral damage. Although 
ultrasonographic examination has 
multiple advantages, such as repeatability, 
low costs, and accuracy, there is some 
drawback linked to examiner’s experience, 
image acquisition, and interpretation. For 
this reason, MRI is recommended as a 
complementary investigation in order to 
identify cerebellar or cortical anomalies 
[10] produced by CMV, and sometimes 
MRI may be more accurate compared to 
ultrasonography. 

In conclusion, improving the knowledge 
of ultrasound findings linked to congenital 
infection with CMV, the sensitivity of this 
technique could be improved. Also, 
understanding why CMV leads to cerebral 
damages could be an adjunctive factor for 
the clarification of the pathophysiology of 
this congenital infection [38]. 

 
5. Conclusion 

 
In conclusion, the presence of one or 

more of the described ultrasonographic 
foetal abnormalities, mainly when one or 
more are present in the same foetus, and 
when the maternal serology is positive for 
CMV, is an indication for congenital CMV 
infection. The long-term outcome of 
congenital infection with no associated 
abnormalities detected by ultrasound 
examination and by MRI is favourable. 
When one or more associated brain 
damages are discovered, the termination 
of pregnancy might be justified, but the 
prognostic value of subtle ultrasound and 
MRI findings is still controversial, and 
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further studies are necessary in order to 
justify the termination of the pregnancy.  

 Although ultrasonography is a readily 
available screening tool for congenital 
infection with significant cerebral 
involvement, further studies involving larger 
samples are necessary to determine the role 
of ultrasonography in the prognosis of 
isolated lesions of white matter. 
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