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Cytomegalovirus, or CMV, is a com-
mon virus that infects most people 
worldwide. CMV infection is usually 
harmless and rarely causes illness. A 
healthy immune system can hold the 
virus in check. However, if a person’s 
immune system is seriously weakened 
in any way, the virus can become active 
and cause CMV disease.1 

Cytomegalovirus (CMV) is a member 
of Betaherpesvirinae in the subfam-
ily Herpesviridae. The other Betaher-
pesvirinae species include human her-
pesvirus (HHV)–6 and HHV-7, which 
share common clinical characteristics 
with CMV.2

CMV is a lytic virus that causes a cy-
topathic effect in vitro and in vivo. The 
pathologic hallmark of CMV infection 
is an enlarged cell with viral inclusion 
bodies. Cells that exhibit cytomegaly 
are also seen in infections caused by 
other Betaherpesvirinae. The micro-
scopic description given to these cells 
is most commonly an «owl’s eye». Al-
though considered diagnostic, such his-
tological findings may be minimal or 
absent in infected organs.2

Little is known about the molecular 
mechanisms responsible for the patho-
genesis of tissue damage caused by 
CMV, particularly for congenital CMV 
infection. Although the CNS is the ma-

jor target organ for tissue damage in the 
developing fetus, culturing CMV from 
the cerebrospinal fluid of symptomatic 
congenitally infected infants is sur-
prisingly difficult. Because CMV can 
infect endothelial cells, some authors 
have postulated that a viral angitis may 
be responsible for perfusion failure of 
developing brain with resultant malde-
velopment. Others have postulated a 
direct teratogenic effect of CMV on the 
developing fetus. Observation of CMV-
induced alternations in the cell cycle 
and CMV-induced damage to chromo-
somes supports this speculation; how-
ever, this hypothesis has been difficult 
to verify experimentally.3 

Immunity to CMV is complex and in-
volves humoral and cell-mediated re-
sponses. Several CMV gene products 
are of particular importance in CMV 
immunity. The outer envelope of the vi-
rus, which is derived from the host cell 
nuclear membrane, contains multiple 
virally encoded glycoproteins. Glyco-
protein B (gB) and glycoprotein   H (gH) 
appear to be the major determinants of 
protective humoral immunity. Antibody 
to these proteins is capable of neutraliz-
ing virus, and gB and gH are targets of 
investigational CMV subunit vaccines; 
however, although humoral responses 
are important in control of severe dis-
ease, they are clearly inadequate in pre-
venting transplacental infection, which 
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can occur even in women who are CMV-
seropositive. The generation of cytotox-
ic T-cell (CTL) responses against CMV 
may be a more important host immune 
response in control of infection. In gen-
eral, these CTLs involve major histo-
compatibility complex (MHC) class I 
restricted CD8+ responses.3,4

Frequency                                                

In developing countries, most children 
acquire CMV infection early in life, 
with adult seroprevalence approaching 
100% by early adulthood. In contrast, 
in developed countries, the seropreva-
lence of CMV approximates 50% in 
young adults of middle-upper socio-
economic status. This observation has 
important implications for congenital 
CMV epidemiology because CMV-se-
ronegative women of childbearing age 
are at major risk of giving birth to in-
fants with symptomatic congenital in-
fection if primary infection is acquired 
during pregnancy.5 

Modes of infection                           

Infectious CMV may be shed in the 
bodily fluids of any previously infected 
person, and thus may be found in urine, 
saliva, blood, tears, semen, and breast 
milk. The shedding of virus may take 
place intermittently, without any detect-
able signs, and without causing symp-
toms.6

The route of congenital infection is pre-
sumed to be transplacental. CMV also 
may be transmitted perinatally, both by 
aspiration of cervicovaginal secretions 
in the birth canal and by breastfeed-
ing. Infants who are not infected  con-
genitally or perinatally with CMV are 
at high risk to acquire infection in day 

care centers. In adulthood, sexual activ-
ity is probably the most important route 
of acquisition of CMV, other important 
routes of transmission include blood 
transfusion and solid organ transplan-
tation.7

Spread of CMV is from person to per-
son. Infection requires close contact 
with a person excreting the virus in 
their saliva, urine, or other bodily flu-
ids. CMV can be sexually transmitted. It 
can also be transmitted via breast milk, 
transplanted organs and, rarely, blood 
transfusions. Although the virus is not 
highly contagious, it has been shown to 
spread in households and among young 
children in day care centers.8

Transmission of the virus is often pre-
ventable because it is most often trans-
mitted through infected bodily fluids 
that come in contact with hands and 
then are absorbed through the nose or 
mouth of a susceptible person. There-
fore, care should be taken when han-
dling children and items like diapers. 
Simple hand washing with soap and 
water is effective in removing the virus 
from the hands.

CMV is mainly a problem for certain 
high-risk groups, including: 

unborn babies whose mothers be-•	
come infected with CMV during 
the pregnancy. 

children or adults whose immune •	
systems have been weakened by 
disease or drug treatment, such as 
organ transplant recipients or peo-
ple infected with HIV.8,9

The likelihood of congenital infection 
and the extent of disease in the newborn 
depend on maternal immune status. If 
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primary maternal infection occurs 
during pregnancy, the average rate of 
transmission to the fetus is 40%; most 
of these infants have clinical disease at 
birth. With recurrent maternal infection 
(ie, CMV infection that occurs in the 
context of preconceptual immunity), 
the risk of transmission to the fetus is 
lower, ranging from 0.5-1.5%; most of 
these infants appear normal at birth (ie, 
silent infection). Hence, congenital in-
fection may be classified as symptom-
atic or asymptomatic in nature.10

Clinically                                               

1- Congenital CMV infection:
Symptomatic congenital CMV:  Ap-
proximately 10% of congenitally in-
fected infants have clinical evidence of 
disease at birth. The most severe form of 
congenital CMV infection is referred to 
as cytomegalic inclusion disease (CID). 
CID almost always occurs in women 
who have primary CMV infection dur-
ing pregnancy, although rare cases are 
described in women with preexisting 
immunity who presumably have reac-
tivation of infection during pregnancy. 
CID is characterized by intrauterine 
growth retardation, hepatosplenom-
egaly, hematological abnormalities 
(Particularly thrombocytopenia), and 
a variety of cutaneous manifestations, 
including petechiae and purpura (ie, 
blueberry muffin baby). However, the 
most significant manifestations of CID 
are those involving the central nervous 
system. Microcephaly, ventriculomega-
ly, cerebral atrophy, chorioretinitis, and 
sensorineural hearing loss are the most 
common neurological consequences of 
CID.11,12

Asymptomatic congenital CMV: Most 
infants with congenital CMV infection 
are born to women who have preexist-

ing immunity to CMV. These infants ap-
pear clinically normal at birth; howev-
er, even though infants with congenital 
CMV infection appear well, they may 
have subtle growth retardation com-
pared to uninfected infants. Although 
asymptomatic at birth, these infants, 
nevertheless, are at risk for neurodevel-
opmental sequelae.12

2- Acquired CMV infection:
Perinatal infection: Most infections are 
asymptomatic, Some infants who ac-
quire CMV infection perinatally may 
have signs and symptoms of disease, 
including lymphadenopathy, hepatitis, 
and pneumonitis, which may be severe 
on occasion. Interestingly, these infec-
tions do not appear to carry any risk of 
neurological or neurodevelopmental se-
quelae.13

CMV mononucleosis: When first in-
fected (Primary CMV), some adults 
may have symptoms similar to mono-
nucleosis. Signs and symptoms of pri-
mary CMV include: Fatigue, Weakness, 
Night sweats, Prolonged fever, Swollen 
glands or sore throat, or both, Loss of 
appetite or weight loss or both, Muscle 
aches or joint pain or stiffness, General 
feeling of illness or discomfort. Rarer 
manifestations of CMV in immuno-
competent individuals include Guillain-
Barré syndrome, meningoencephalitis, 
pericarditis, myocarditis, thrombocy-
topenia, and hemolytic anemia. Ru-
belliform or maculopapular rashes are 
observed with and without the admin-
istration of ampicillin. Gastrointestinal 
ulceration may be found in acute CMV 
infection in immunocompetent patients, 
although this finding is much more like-
ly in immunocompromised patients.14

Transfusion-acquired CMV infection: 
Posttransfusion CMV infection has a 
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presentation similar to that of CMV 
mononucleosis. Incubation periods 
range from 20-60 days.14

CMV  infections  in  immunocompro-
mised children: CMV  causes  a  variety  
of    clinical syndromes in immunocom-
promised patients. Disease manifesta-
tions vary in severity depending on the 
degree of host immunosuppression. 
Infection may occur because of reacti-
vation of latent viral infection or may 
be newly acquired via organ or bone 
marrow transplant from a seropositive 
donor. Infections may also be mixed in 
nature, with donor and recipient isolates 
both present. Viral dissemination leads 
to multiple organ system involvement, 
with the most important clinical mani-
festations consisting of pneumonitis, 
gastrointestinal disease, and retinitis.15

Differential diagnosis                           

The differential diagnosis for CMV in-
fection depends on the disease category, 
age of the patient, and epidemiologic 
considerations. In the neonate with 
congenital infection, the differential 
diagnosis includes any of the TORCH 
agents. Congenital toxoplasmosis may 
mimic congenital CMV infection but 
is much less common in the United 
States; however, in parts of Europe, 
particularly France and Belgium, con-
genital toxoplasmosis is a common 
and significant problem. In contrast to 
congenital CMV, the intracranial calci-
fications observed in congenital toxo-
plasmosis tend to be scattered diffusely 
throughout the brain and not in the clas-
sic periventricular distribution of CMV, 
which may be an important clue. Other 
congenital infections to be considered 
include lymphocytic choriomeningitis 
virus (LCMV) infection, HSV infec-

tion, syphilis, enteroviral disease, HIV 
infection, and rubella.16

In older patients, differentiating CMV 
infection from EBV infection may be 
clinically difficult. EBV is a more com-
mon cause of mononucleosis syndrome 
than CMV, and the heterophile antibody 
test (ie, Monospot) is generally positive, 
allowing for ready differentiation of the 
2 diseases.17

In immunocompromised patients, dis-
ease syndromes that are caused by 
CMV may be difficult to differentiate 
from other opportunistic infections. For 
example, CMV pneumonitis following 
bone marrow transplantation must be 
differentiated from Pneumocystis car-
inii infection and other viral infections, 
such as adenovirus and human herpes-
virus 6 (HHV-6) infection. Appropriate 
diagnostic specimens obtained by stud-
ies such as bronchoalveolar lavage are 
indicated.17

Diagnosis                                                         

Serologic Testing: 
The enzyme-linked immunosorbent as-
say (Or ELISA) is the most commonly 
available serologic test for measuring 
antibody to CMV. The result can be 
used to determine if acute infection, pri-
or infection, or passively acquired ma-
ternal antibody in an infant is present. 
Other tests include various fluorescence 
assays, indirect hemagglutination, and 
latex agglutination.18

An ELISA technique for CMV-specific 
IgM is available, but may give false-
positive results unless steps are taken 
to remove rheumatoid factor or most 
of the IgG antibody before the serum 
sample is tested. Because CMV-specif-
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ic IgM may be produced in low levels 
in reactivated CMV infection, its pres-
ence is not always indicative of prima-
ry infection. If serologic tests detect a 
positive or high titer of IgG, this result 
should not automatically be interpreted 
to mean that active CMV infection is 
present. However, if antibody tests of 
paired serum samples show a fourfold 
rise in IgG antibody and a significant 
level of IgM antibody, meaning equal to 
at least 30% of the IgG value, or virus 
is cultured from a urine or throat speci-
men, the findings indicate that an active 
CMV infection is present.18,19

Virus Isolation:
Urine, saliva, blood and biopsy sam-
ples can be used for virus isolation, cell 
culture: the most important diagnostic 
study in the evaluation of suspected    
CMV disease. The specimen is  inocu-
lated onto human cells (Usually human 
foreskin fibroblasts). CMV produces a 
typical focal cytopathic   effect. Shell 
vial assay: This technique can be  pro-
cessed in 24 to 48  hours,  unlike the 
conventional culture; the shell-vial as-
say technique does not depend upon the 
development of a cytopathic effect in 
tissue culture. Instead, a fluorescence 
tagged monoclonal antibody is used to 
detect a CMV antigen that is expressed 
early in viral replication. Tissue im-
munofluorescence: Infected lung and 
liver cells may be stained by specific 
anti-CMV antibodies. CMV antigenae-
mia test: Detection of pp65, a structural 
protein expressed on the surface of in-
fected polymorphonyclear  leucocytes. 
The number of infected leucocytes cor-
relates with the severity of infection,  
very  rapid and  used  especially  in the  
monitoring  of  transplant recipients. 
Detection of CMV DNA by PCR: The 
use of PCR in the diagnosis of CMV in-

fection had been widely studied. PCR 
offers the advantages of being rapid  
and   sensitive. However, its inherent 
sensitivity poses a problem since latent 
CMV genomes, which are present in 
practically all seropositive individuals, 
may be detected.20,21

Imaging Studies:
The diagnosis of CMV pneumonia can 
be suggested by chest radiograph find-
ings, but these findings cannot be used 
to differentiate between other common 
causes for pneumonia in the immuno-
compromised host. CT scan is more 
sensitive for the identification of infil-
trate. It has been valuable in patients 
presenting with hypoxia and no infil-
trate visible on chest roentgenogram. 
The most important study in the diag-
nostic evaluation of the congenitally 
infected infant with CMV is a CT scan 
of the head. A CT scan of the head is 
required for infants with microcephaly 
or when congenital CMV infection is 
suspected because abnormalities in this 
study, particularly the presence of cal-
cifications, have a strong positive pre-
dictive value and can aid in identifying 
children who need ongoing neurode-
velopmental evaluation and therapy. 
Infants with congenital CMV infection 
may also require abdominal imaging 
studies (eg, ultrasound, CT scan) for 
documentation and monitoring of orga-
nomegaly.21

Histological findings                    

The hallmark of CMV infection is 
the finding of intranuclear inclusions 
consistent with herpesvirus infection. 
CMV infection may be confirmed using 
in situ hybridization or direct or indi-
rect staining of intranuclear inclusions 
using CMV-specific antibodies linked 
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to an indicator system (eg, horseradish 
peroxidase, fluorescein). However, viral 
culture, serology, antigenemia, and nu-
cleic acid detection systems (eg, PCR) 
generally have much better sensitivity 
for the diagnosis of CMV-associated 
diseases.21

Treatment                                              

No treatment is generally necessary for 
CMV infection in the healthy individual 
since the majority of infections resolve 
on their own. Desirable characteristics 
of CMV drugs are: high potency, orally   
bioavailable, safe for long-term use, no 
drug interactions, prevent indirect ef-
fects, broad-spectrum anti-herpes (Cost 
benefit). Nucleosides are the only true 
antiviral agents active against CMV, 
Immunoglobulins may provide some 
antiviral effect, particularly in combi-
nation with these agents, they share a 
common molecular target, namely, the 
viral DNA polymerase. Ganciclovir 
(GCV) and foscarnet are antiviral medi-
cations that have been used to treat pa-
tients with weak immune systems who 
develop a serious illness from CMV 
(Including retinitis and pneumonitis). 
Research is still being done to try to 
find useful drugs to treat newborn ba-
bies suffering from congenital infection 
with CMV. Antiviral drugs are not used 
to treat CMV infection in otherwise 
healthy patients because the drugs have 
significant side effects that outweigh 
their benefits.22

GCV is commonly used as preemptive 
therapy in transplant recipients at high 
risk of developing disease (e.g., a CMV 
seronegative recipient of an organ 
transplant from a CMV-seropositive 
donor), and as prophylactic in others 
(CMV seropositive recipient of an or-

gan transplant from a CMV-seroposi-
tive donor).22

Relatively little information exists con-
cerning the use of GCV in the setting of 
congenital CMV infection. Some stud-
ies show that intravenous GCV led to 
improvement or stabilization of hearing 
in 6-month-old infants. Case reports 
have suggested the efficacy of GCV for 
acutely ill neonates with life-threaten-
ing CMV disease (eg, pneumonia, re-
tinitis, evidence of CNS involvement). 
Ganciclovir, administered in a 6mg/kg 
dose intravenously as a 1-hour infusion 
every 12 hours for up to 6 weeks. It is 
unknown whether this early and inten-
sive administration of ganciclovir will 
hasten resolution of acute disease?, ben-
eficially influence growth and develop-
ment?, decrease auditory and visual 
impairments?, or improve intellectual 
outcome in these infants?.23

It is recommended that ganciclovir not 
be routinely used to treat infants with 
congenital CMV disease. Adverse ef-
fects of ganciclovir include leukopenia, 
thrombocytopenia, anemia, infusion 
site reactions, renal toxicity, hepatocel-
lular dysfunction, hemolysis, nausea, 
diarrhea and photosensitization. Oral 
ganciclovir may be useful for mainte-
nance therapy in patients treated with 
intravenous ganciclovir who are identi-
fied to be at increased risk for recurrent 
CMV.24 

The long term outcome of infants with 
CMV hepatitis is unpredictable. Cen-
tral pontine myelinolysis secondary to 
CMV hepatitis can occur, some patients 
have persistent liver injury despite gan-
ciclovir therapy and ganciclovir therapy 
did not prevent chronic liver disease.24  



Lerine Bahy El-Din

7

Less experience with the use of fos-
carnet for treatment of CMV disease 
in organ transplantation and congenital 
infections, it does not need to be phos-
phorylated. It is given in a dose of 60 
mg/kg three times daily IV 14-21d. Its 
main side effects are nephrotoxicity, 
anemia, electrolyte imbalance, nausea, 
vomiting, and seizures.24,25 

Random donor IVIG appears to be 
equal in efficacy to CMV hyper im-
munoglobulin suggests that the benefit 
may be derived from an immunomodu-
latory effect unrelated to virus neutral-
ization.25

Prevention                                                 

For those who have close contact with 
children, especially pregnant women or 
women who might become pregnant, 
hand washing is effective at reducing 
the risk of infection from exposure to 
CMV. Not sharing eating utensils with 
young children and avoiding kissing or 
intimate contact with CMV-positive in-
dividuals is also important.26

A mother who has CMV infection 
shouldn’t stop breastfeeding, as the 
benefits of breastfeeding are believed 
to outweigh the risks of passing CMV 
to the infant, and the infant is unlikely 
to develop any symptoms if infected.26

For organ-transplant patients who are at 
risk of getting CMV from a transplanted 
organ, preventive therapies are avail-
able. Blood banks have certain screen-
ing and processing procedures that help 
to prevent CMV from being passed in 
blood products.27 

Immunization                                            

The major target population for a CMV 
vaccine is women of  childbearing  age. 
A vaccine can also be useful in control-
ling CMV disease in organ transplant 
recipients. Three forms of the vaccine 
are under trail, a live attenuated vac-
cine, the Towne vaccine, showed prom-
ise for prevention of CMV disease in 
studies involving renal transplant re-
cipients reported in the 1980s, recom-
binant chimeric viruses that represent 
genetic hybrids between Towne virus 
and a low-passage clinical isolate, the 
Toledo strain and the subunit vaccine of 
the major immunogenic CMV envelope 
protein, gB.28

Evaluation of the Neonate 
with CMV                                                 

Clinical: Height, weight, and head cir-
cumference; measure liver/spleen size; 
ophthalmologic examination.

Laboratory: Complete blood count and 
peripheral smear; platelet count; liver 
transaminase levels; bilirubin levels 
(Direct and indirect); urine CMV cul-
ture; cerebrospinal fluid for cell count, 
protein and glucose levels, CMV DNA 
if available. 

Others: Unehanced CT scan of brain; 
hearing assessment by brain stem-
evoked responses.29,30  
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