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ABSTRACT

Universal screening of congenital cytomegalovirus
(CMV) infection without symptoms at birth
seems to be necessary to detect late-onset
neurodevelopmental sequelae. Congenital CMV
infection, as demonstrated by isolation of the virus
within the first week of life, was diagnosed in 37
(0.31%) of 11,938 infants born between 1977 and
2002 in the city of Sapporo, Japan, during the
26-year period from January 1977 through
December 2002. The characteristics of CMV-
specific T-cell immunity was also investigated in
pregnant women with primary, latent, or
reactivated CMV infection, and in a comparative
group of non-pregnant women. The frequency of
CMV-specific CD4 T cells in peripheral blood
lymphocytes was determined by staining for
intracellular cytokines, interferon (IFN)-y, and
tumor necrosis factor (TNF)-a. The frequency of
CMV-specific CD4+ T cells in pregnant women
associated with CMV reactivation or reinfection
was significantly higher than in CMVseropositive
normal pregnant and non-pregnant women. The
genetic variability of 74 human CMV (HCMYV)
clinical isolates from 60 Japanese infants and
children during 1983 - 2003 was investigated, and
the relevance to their clinical course was
observed. The hypervariable region of the HCMV
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genome, that is the a sequence and UL144 region
was analyzed using the polymerase chain reaction
(PCR) and unrooted phylogenetic trees. HCM
glycoprotein B (gB) polymorphism was also
investigated. Unrooted phylogenetic trees of a
sequence and UL144 allowed the isolates to be
grouped to 5 and 3 clades, respectively. Three gB
genotypes were also identified. A real-time PCR
assay was used to determine vaginal shedding of
CMV in 993 healthy pregnant Japanese women
and the results were compared with the outcome
of pregnancy. HCMV DNA was detected in 76
(7.7%) of the women. The outcome of pregnancy
could be determined finally in 848 women, of
whom 60 (7.1%) were CMV DNA-positive.
These findings suggest that latent genital tract
CMYV infection predisposes to adverse pregnancy
outcomes.

KEYWORDS: cytomegalovirus (CMV), congenital
infection, intracranial calcification, chorioretinitis,
sensorineural hearing loss

1. General concept of congenital cytomegalovirus
infection

Human cytomegalovirus (HCMV) is a herpes
virus and contains approximately 240 Kb DNA
and over 200 open reading frames (ORFs) [1, 2,
3]. CMV is the most common cause of congenital
and perinatal infections throughout the world [4].
The prevalence of congenital CMV infection
varies widely between different populations
(0.2-3.0%) [5, 6]. Only less than 5% of the infants
with congenital CMV infection have typical
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cytomegalic inclusion disease (CID) recognized to
cause a fetal abnormality of microcephaly,
hydrops, intracranial calcification, chorioretinitis,
liver dysfunction, and thrombocytopenia (7, 8, 9].
Another 5% have atypical involvement, and the
remainder (90%) are asymptomatic at the time of
delivery [10, 11, 12, 13].

The mortality rate of symptomatic fetal CMV
infection is as high as 30% and 90 to 95% of
survivors left with neurological sequelae [14].
Factors that have been associated with a
poor neurodevelopmental prognosis include the
presence of microcephaly, chorioretinitis, or
neurological abnormalities at birth [15, 16, 17, 18].
Considering the necessity for longterm follow-up
of infected infants, it is important to detect
intrauterine CMV infection at the fetal stage.

Even asymptomatic at birth, 5% to 17% of infants
with fetal HCMV infection patients may present
with neurodevelopmental disorders, such as
sensorineural hearing loss (SNHL), spastic diplegia
or quadriplegia, and mental retardation within
the first 4 years of life [19, 20]. It is possible that
progression of neurological complications is related
to the persistent infection and replication of CMV
or host immunological response to infection.

SNHL causes serious impairment in the normal
development of the child, especially in the field
of communication and learning. We studied the
longitudinal prognosis in children with asymptomatic
congenital infection according to growth, cognitive
function and the presence and progression
of SNHL [21]. The causes of SNHL are various,
ranging from genetic to infective, both congenitally
and postnatally acquired, to pharmacological.
However, prediction of which infants will have
developmental disabilities remains controversial
[22, 23]. Follow-up studies in children with
congenital CMV infection have shown that SNHL
is the most common consequence of this infection,
affecting up to 22% of infected children.

Prior studies have shown prolonged viral excretion
with congenital CMV infection, and speculated
persistent viral replication was a possible
explanation for the development of sequelae.
Furthermore recent reports have documented the
hearing and vision loss may be progressive or late

onset. Although progressive hearing loss in
children with asymptomatic congenital CMV
infection has been described before, less is known
about fluctuating hearing loss after asymptomatic
congenital CMV infection [18, 24, 25, 26].

CMV infection occurs in 40 to 100% of
individuals in populations worldwide, and the
lowest rates are generally found in the developed
world [27]. Serum antibodies against CMV are
found in approximately 40% to 60% of adults in
European countries [28], and caused too be 80%
to 90% of Japanese adults [29]. In recent years the
CMV infection rate in adult women has been
decreasing, raising concerns of an increase
in congenital infections secondary to primary
maternal infection during pregnancy. Seropositive
pregnant women to CMV can be re-infected with
different HCMV strains and those re-infections
may lead to intrauterine transmission and
symptomatic congenital infections [19, 30, 31].

In certain countries parental interest groups have
called for screening programs for the general
obstetric population in an attempt to reduce the
rate of fetal damage with congenital CMV
infection. Since annual live births in Japan used
to be approximately 1.22 million, four to five
thousands infants with congenital CMV infection
were presumed to be born each year. Congenital
CMV infection is an unsolved public health
problem, unlikely to be solved by means other
than immune prophylaxis.

A decrease in the prevalence of serum antibodies
against CMV has been estimated in recent years in
consequence to improvement in the social and
economic conditions in Japan in the last 20 years
[32, 33, 34]. We have studied the incidence of
congenital CMV infection in Japan as reported
previously (Numazaki and Chiba, 1996) [21, 35].
Congenital CMV infection was diagnosed in 37
(0.31%) of 11,938 infants born between 1977 and
2002. In the CMV follow-up study; 32 (86.5%) with
asymptomatic and 5 (13.5%) with symptomatic
infection (Table 1). There were 20 (54.1%) male
subjects and 17 (45.9%) were female. A decrease in
the total incidence of congenital CMV infection
has been seen in recent years. However, the
incidences of symptomatic congenital have been
slightly increased. The shortest duration of urinary
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Table 1. Incidence of congenital CMV infection by era [21].

No. of neonates No. of congenital

No. of symptomatic

o screened CMYV infection (%) ic[?;i:;::;a (I;;J;Vl "
1977-1981 3,084 14 (0.45%) 1 (0.032%)
1982-1985 2,814 10 (0.36%) 1 (0.035%)
1986-1990 2,097 7 (0.33%) 1 (0.048%)
1991-1996 1,898 3 (0.16%) 1 (0.052%)
1997-2002 2,045 3 (0.15%) 1 (0.049%)
1997-2002 11,938 37 (0.31%) 5 (0.042%)

excretion of CMV was 6 months, and the longest
duration was 6.5 years.

Of the 21 children evaluated with asymptomatic
CMV infection, 18 (85.7%) had an I1Q/DQ
of >=90, 3 (14.3%) had an IQ/DQ of 70 to 89, and
none had a major motor disorder on follow-up.
All 21 children with normal findings on head
computed tomographic (CT) scan or magnetic
resonance imaging (MRI) had a good prognosis.
Hearing evaluations were also performed during
follow-up of 17 children, and 2 had late-onset
SNHL (mild bilateral and moderate unilateral)
detected after the newborn period. When children
with SNHL detected were compared with the
children with normal hearing, no significant
differences in cognitive and motor functions were
noted (Table 2).

Our findings indicate 2 of 17 (11.8%) infants with
asymptomatic congenital CMV infection had late-
onset SNHL. Hearing loss at birth would be
identified by newborn hearing screening. Because
delayed-onset SNHL followed congenital CMV
infection, about two thirds of SNHL (>20 dB
thresholds) caused by congenital CMV infection
would not have been identified by universal
screening of newborns for hearing in this population.
If the definition of hearing loss for newborn
screening were used, approximately one half of
SNHL that may impair speech and language
development in a child would not have been
identified by newborn auditory screening in this
CMV-positive population [36].

Table 2. Characteristics of 21 children with
asymptomatic congenital CMV infection [21].

Clinical Characteristics :‘; szl;f;i'zg !
Growth Retardation
Height less than -2 SD 1/21
Weight less than -2 SD 1/21
Mental Retardation 0/21
Sensorineural Hearing Loss 213
Uilateral (moderate, 46-70dB) 1/17
" Bilateral (mild, 21-45 dB) 1/17

Congenital CMV infection can be definitively
diagnosed only in the newborn period, so many of
these infections remain undetected. Of the children
with asymptomatic congenital CMV infection,
only 8.0% had an auditory screen based on
recognition of congenital CMV infection as the
risk factor. All the other neonates with asymptomatic
congenital CMV infection who had auditory
screening were tested because of risk criteria other
than CMV infection. Clearly all children with
congenital CMV infection should be screened for
hearing loss.

Persistent CMV infection, as estimated by presence
of urinary viral excretion, was not associated with
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a deleterious effect on growth, intellectual function
or development in congenitally infected children.
This is in contrast to findings in children with
congenital HIV or rubella infection, in whom the
persistence of infection leads to delayed growth
and neurodevelopment. It is possible that a more
site-specific or invasive method of detecting and
monitoring chronic CMV replication in the central
nervous system could have provided more data on
the pathogenesis of neurological sequelae.

Infants with symptomatic disorders at birth are
more likely to be identified and have appropriate
virological testing for congenital CMV infection
in the newborn period. These infants will likely
have a hearing evaluation completed at the time
of diagnosis. However, infants with asymptomatic
infection may not be recognized as being at
increased risk for late-onset neurodevelopmental
disorders.

2. Maternal immunological factors in the
pathogenesis of congenital cytomegalovirus
infection

CMYV infection is controlled effectively by specific
cellular immunity without the ultimate clearance
of the virus, resulting in a frequent occurrence of
latent CMV infection. Generally, natural immuno-
suppression during pregnancy is thought to play
an important role by protecting the fetus from
rejection by the maternal immune system [37,
38, 39]. This immunosuppression may cause
susceptibility of pregnant women to primary or
reactivated CMYV infection. However, the changes
in CMV-specific T cell immunity during pregnancy
have not been fully clarified.

Although the natural history of intrauterine CMV
infection is not completely clarified, a proportion
of fetuses are damaged before delivery and it
is sometimes difficult to get accurate clinical
diagnosis. Primary infection during pregnancy is
more likely to be transmitted to the fetus (average
40%) [40] with more severe sequelae than
reactivated latent infection. However, recently it
was reported that reactivated latent infection was
also transmitted in approximately 1% of fetus and
that infants with symptomatic HCMV infection
were born [41].

Macrophages and natural killer (NK) cells are
considered the main immunomodulating cells that
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control activities of infecting cells in primary and
latent HCMV infection, and produce IFN-y and
INF-a to express antiviral activity. CD4+ and

- CD8+ T cells are also activated by HCMV infection

and produce interleukin 2 (IL-2) and IL-12.
Asanuma ef al. [42] measured serum levels of
sIL-2R, in infants with liver dysfunction due to
perinatal CMV infection and found that serum
sIL-2R, one of the indicators of T cell activation,
was correlated with the severity of liver dysfunction.

It is presumed that these cytokines are involved
not only in the development of persistent CMV
infection and reactivation of CMV infection
but also in infectious transmission to the fetus.
Numazaki er al. [43] found that serum levels of
soluble IL-2 receptor and IFN-y were elevated
during pregnancy in mothers delivered babies
with congenital HCMYV infection. Based on their
findings, they underlined the possibility of the
clinical application for perinatal diagnosis of
CMYV infection.

Methods for the analysis of T cell responses to
specific viral antigens have relied traditionally on
the limiting dilution assay or enzyme-linked
immunospot (ELISPOT) assay [44]. An assay for
detection of virus-specific T cells by staining of
intracellular cytokines (ICC) has been developed
as an indicator of adaptive immunity [45, 46].
This approach to counting them avoids the errors
inherent in limiting dilution estimates of responder
cell frequencies that result from apoptosis during
longer-term incubation and shows high sensitivity.

The ICC staining to detect CMV-specific CD4+ T
cells was also available for the evaluation
of immunological conditions in children with
symptomatic congenital CMV infection [47]. A high
frequency of CMV-specific CD4+ T cells may
indicate the presence of stimulation against cellular
immunity related to asymptomatic congenital CMV
infection. These findings should assist pediatricians,
neonatologists, neurologists, developmentalists, and
infectious disease specialists in counseling families
about the prognosis of newborns with congenital
CMYV infection.

The methods of screening for CMV infection
should be compared with the frequencies of CMV
specific CD4+ T cells. A pregnant woman with
serum anti-CMV IgM antibody showed higher
frequency and the frequency of HCMV-specific
CD4+ T cells might be associated to some extent
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with virus quantity in the body. As time of
pregnancy proceeds, CMV becomes to be reactivated
at the cervix of uterus [48]. Low frequency of
CMV-specific CD4+ T cells in the cervical DNA-
positive specimens suggests the possibility of local
virus reactivation of viruses from latent infection.

3. Genetic diversity of cytomegalovirus strains
associated with congenital infection

The results of the screening of pregnant women
for HCMYV infection in Sapporo, 2000 were shown
in Table 3 [49]. The positive rate for anti-CMV
IgG antibody was 67.6%, and 3 of 173 pregnant
women (1.7%) were positive for anti-CMV IgM
antibody. HCMV was isolated from urinary
samples of 3 out of 642 pregnant women (0.5%)
and HCMV the glycoprotein B (gB) DNA was
detected by PCR in the cervical swabs from 2
pregnant women.

Molecular epidemiological studies revealed
the hypervariability of gB gene among HCMYV,
however, the correlation between gB genotypes
and clinical symptoms remains unclear [50, 51, 52].
Congenital infection of CMV has not been
considered from the point of view of viral genetic
heterogeneity [53]. CMV is composed of unique
long (L) and short (S) sequences containing terminal
segments with repeating elements [54, 55].

Recently, the epidemiological relationships between
variation of the a sequence gene and HCMYV
clinical isolates were reported [1, 2, 55, 56].
Hypervariability of UL144 gene sequences has
also been reported [57]. UL144 is one of the ORFs
and encodes a homolog of the herpes simplex
virus entry mediator [58]. UL144 ORF can be
categorized into three major groups, however no

Table 3. Screening of CMV infection in pregnant
women of Sapporo, Japan [49].

Serum anti-CMV IgG (+) 117/173 (67.3%)
Serum anti-CMV IgM (+) 3/173 (1.7%)
Isolation of CMV from 3/642 (0.5%)

urine (+)

HCMV gB DNA from
cervical swab (+)

2/105 (1.9%)

apparent correlation between UL144 variants and
HCMV pathogenesis has been identified.

Bale et al. [1] analyzed the genetic variability of a
sequences of HCMYV strains from healthy children
in a day care center and from subjects with a
congenital infection. Although they divided wild
strains into five groups which primarily
corresponded to nosocomial infection within the
day care center, hany correlation between our five
groups of gB and theirs could not be tested
because sequence data on their HCMV strains was
unavailable. In the unrooted tree of the UL144
region, our 63 strains could be clearly classified
into three major groups (I to III).

Lurain et al. [57] analyzed UL144 genotypes of
clinical HCMV isolates from immunocompromised
patients who had had organ transplantation or HIV
infection. These studies dividled HCMV strains
into three major groups with similar designations
(I to III). The patient‘s clinical details in these three
studies were different, and there was considerable
geographical and temporal variation. Their HCMV
genetic distribution pattern was similar irrespective
of the geographical or temporal variation, and of
the genetic background of the host, in terms of
UL144 genetic variability. In our study of the
UL144 gene, almost all strains causing congenital
infection were located in group I, in contrast Bale
et al. [1] found that strains causing congenital
infections belonged mainly to group III. This
difference cannot be resolved given the small
number of cases of congenital infection studied
and a much larger study of CMV strains is required
to determine the correlation between congenital
infection and UL 144 genotype. If particular strain
genotypes do infect fetuses more readily, such
knowledge would be helpful in predicting congenital
infections and developing preventative measures.

There have been no similar molecular epidemiologial
studies on CMV isolates from an Asian population
except for a few studies on gB [58, 59]. CMV
clinical strains isolated from Japanese infants and
children during the last two decades were studied
[60]. Genetic variability in the a sequence, UL144
region, and gB genes, and their association with
clinical course was investigated. In addition, the
findings were compared with those from other
countries.

_86_
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There was 0% to 27% nucleotide differences
HCMYV Genetic Variability in Japanese Children
357 among strains located in the same group [60].
They contained strains which were isolated from
subjects with variable clinical symptoms. Each
cluster includes 1 to 3 isolates from infants with
a congenital infection. The dates of isolation of
strains belonging to each group were 1984 to
2002, 1990 to 2002, 1989 to 2000, 1988 to 2001,
and 1983 to 2001 in groups A, Bl, B2, Cl, and
C2, respectively. Serial isolates from the same
patients possessed identical sequences for a sequence
region. ULI44 Variability Sixty-three (85%)
strains (all 48 re-isolated strains and 15 stocked-
virus fluid) yielded UL144 gene PCR products
which had 737-bp length. The HCMV laboratory
strain, that is AD169 lacks 19 ORFs including
UL144, thus AD169 did not yield amplicons [I,
57, 61].

However, the sequences of the a sequence region
and gB genotypes could not differentiate these two
strains, emphasizing the need for plural analysis
for differentiation of CMV field strains. gB is a
major component of the virion envelope and is
transported to the plasma membrane of infected
cells [62, 63, 64]. Chou and Dennison [65] classified
HCMYV strains into four variant groups by
PCR-RFLP. The hypervariability of the gB region
is well established and the correlation between gB
and pathogenicity has been examined without any
obvious relationship being found [50, 51, 52, 57].

The gB gene of 67 of 74 (90%) strains (all 48
re-isolated strains and 19 stocked-virus fluid)
could be amplified and analyzed by RFLP assay
using enzymes, Hinf I and Rsa I [60]. Excepting
the 14 strains isolated from the same subjects, 34,
2, and 17 were identified as gB group I, II, and III,
respectively (Table 4). None of our strains were
classified as group IV. There was no obvious
correlation between a certain gB genotype and the
type of disease. AD169 was identified as group II.
Linkage of a Sequence, UL144 Polymorphism,
and gB Strains were compared according to their
unrooted phylogenetic dendrogram of a sequence,
UL 144, and gB genotypes. No apparent linkage of
polymorphisms or genotypes was observed. Group A
was the dominant genotype in a sequence (39.6%
of all isolates), group Il in ULI44 (46.2%

Table 4. Distribution of human cytomegalovirus
glycoprotein B (gB) genotype and type of
infections in 53 strains analyzed [60].

Classification I II o 1v

Congeital infection 6 2 1 0

Perinatal, postnatal 2% 0 15 0

infection

Immunocompromised 2 0 1 0
host

Total 34 2 17 0

of all isolates), and group I in gB (68.7% of
all isolates). But no relationships were apparent
between the dominant genotypes.

4. Relationship between CMYV infection and
complications during pregnancy

Practically, accurate clinical diagnosis of maternal
primary CMV infection is sometimes hard because
most CMV infection is asymptomatic and goes
unnoticed [66, 67]. Serum anti-CMV IgM as a
parameter for serological diagnosis of primary
infection can be present in 10% of pregnant women
with CMV reactivation and continue to increase
for about 18 months after onset of primary
infection [68, 69]. CMV can be reactivated more
frequently in late stage of pregnancy because
women are in some kind of immuno-suppressive
condition. The urinary excretion rate of CMV
increased from 1% in early pregnancy to 13% in
late pregnancy, as determined by PCR. Attempts
have been made to diagnose primary infection by
the avidity index for serum anti-CMV IgG
antibodies or by a new CMV [gM immunoblotting
[69], but these methods do not yet provide for
evaluation of possible prognostic markers in
infected pregnant women and intrauterine CMV
infection.

Cervical shedding of CMV have been estimated in
pregnant or nonpregnant woman with or without
underlying conditions such as HIV infection or
other sexually transmitted disease (STD) [48, 70,
71, 72, 73, 74]. The existence of CMV in the
genital tract is thought to be associated with
maternal-fetal transmission of CMV during the
perinatal period [73].
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In young women genital shedding of CMV may
reflect a pelvic inflammatory disease and involves
the risk of sexual transmission [73]. CMV infection
in the genital tract might be associated with
pregnancy wastage [76]; however, the possible
causal relationship between CMV and miscarriages
or intrauterine fetal death (IUFD) remains
controversial. PCR, especially real-time PCR, has
higher sensitivity to detect genital CMV shedding
than conventional approaches, such as virus
isolation by tissue culture or antigen detection by
immunohistochemistry. Real-time PCR assay for
CMV DNA was assessed in vaginal secretions
during the first trimester of pregnancy in 933
healthy pregnant Japanese women. The correlation
between CMV DNA shedding and adverse
pregnancy outcomes was evaluated.

There were 12 miscarriages (1.4%) in all 848
women, 4 (6.7%) in 60 CMV positive, and 8 (1.2%)
in 788 CMV negative women [77]. As a result, the

miscarriage rate was significantly higher in CMV
positive women than in CMV negative women
(relative risk 6.96, 95% CI 2.04-23.84, P<0.01).
No other parameter showed statistical difference
between CMV-positive and in CMV-negative
women (Table 5). Real-time PCR was used to
detect CMV DNA in vaginal fluids during the first
trimester of pregnancy, and pregnancies were
followed to parturition. The positive ratio of 7.7%
(76/993) was lower than previous study by
Shen et al. [48] who reported that cervical CMV
excretion rate increased from 13% to 40% as
pregnancy proceeded.

A relationship between CMV DNA in vaginal
fluid during the first trimester and miscarriage risk
was found. No other cause of miscarriage such as
other virus infection or amniocentesis was detected.
Neither the frequency of premature delivery nor
the gestational age at live birth was affected by the
presence of CMV [78].

Table 5. Clinical parameters and number of adverse events related to CMV DNA in

vagina [77].
CMYV in vagina

e Atk ” Positive Negative
Characteristics ?;igslzz;l;cles (n=60) (n=g788)
Maternal age
(years) 289+ 4.6 29.8+4.9 28.8+4.6
Gestational age
(weeks) 388+1.7 387+ 1.7 387+ 1.7
Birth weight (g) 3,010 + 445 3,052 + 389 3,007 + 450
Full term delivery 784 (92.4%) 52 (86.7%) 732 (93.0%)
Premature delivery 49 (5.8%) 4 (6.7%) 45 (5.7%)
Threatened
miscarriage 20 (2.4%) 0 20 (2.5%)
Threatened premature
delivery 49 (5.8%) 4 (6.7%) 45 (5.7%)
Cervical cerclage 19 (2.2%) 1(1.7%) 18 (2.3%)
Miscarriage * 12 (1.7%) 4 (6.7%) 8 (1.2%)
Intrauterine fetal
death 3 (0.4%) 0 3 (0.4%)

Statistical significance/relative risk (95%CI), *P <0.01, mean standard deviation.
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Conditions which disrupt the balanced interaction
between CMV and NK cells in the decidua may
cause NK cell activation and fetal death. An
immunocompromised condition during the first
trimester may lead to CMV reactivation and
facilitate infection by other microorganisms such
as Mycoplasma species, Chlamydia trachomatis
and adeno-associated viruses; the latter were
found to be related to premature delivery and
miscarriage [79]. These might induce inflammatory
reaction in the deciduas and fetal death or
miscarriage. In conclusion, vaginal CMV detection
during pregnancy is important to estimate pregnacy
outcomes, and therefore it should be introduced as
part of the follow-up of pregnancy [80, 81, 82].

CMV infection may cause excessive immune
reactions at the maternal-fetal interface [83].
Activation of the immune system involving
decidual NK cells leading to fetal death or
miscarriage [84]. CMV upregulates the class I
homologue UL18 [85] and CEACAMI [86] to
avoid NK-mediated elimination, and downregulates
the NKcell-activating ligand CD155 [87].

S. CONCLUSIONS

The total incidence of congenital CMV infection
in 11, 938 children in Sapporo, Japan was 0.31%,
between 1977 and 2002. Although a decrease in
the total incidence of congenital CMV infection
has been seen in recent years, the incidences of
symptomatic congenital have been slightly increased.
Congenital CMV infection as the probable leading
infectious cause of SNHL in childhood [88]. Each
year more children will continue to have SNHL
caused by congenital CMV infection.

Flow cytometric assay for CMV-specific CD4+ T
cells was found to be applicable in pregnant
women with some kind of immunosuppressive
condition. The flow cytometric assay may be useful
as a tool for real-time monitoring of CMV-specific
cellular immunity in pregnant women and have the
clinical application for maternal immune activity
against CMV infection to transmit to the fetus [89].

Three genes of CMV field strains were investigated
and great variability in each gene was observed,
however there was no correlation between variations.
The infection and pathogenesis of an individual
HCMYV strain may be defined by the combination
of multiple variant genes that it encodes. The
genomic variability of HCMV is important to
cfforts to develop a HCMV vaccine [63].

— 89

Further large scale CMV infection monitoring
during pregnancy would provide more precise
information.on the influence of CMV in the vagina
on the outcome of pregnancy. Entirely new
approaches to prevention and treatment of congenital
CMV infection are necessary, including antiviral
interventions and the development of a vaccine
strategy [90].
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