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ABSTRACT

Human cytomegalovirus (HCMYV) is the leading cause of congenital viral infection and mental retardation.
The virus can be transmitted to the fetus through primary (in 30 to 40%) or secondary maternal infection. Because
there is currently no treatment for prenatal infection, early diagnosis of congenital infection during neonatal
period is important. The aim of this study was the use of quantification and semi quantification techniques for
CMYV load in peripheral blood as a surrogate marker for disease severity and treatment follow up. Twenty HCMV
infected infants and 50 women were included in this study. They were infected with CMV and positive PCR for
CMV-DNA. HCMV-gpB-DNA load for all cases was determined by semi-quantitfication technique, where
symptomatic infection is correlated with viral load above 1.6x 103 GE/ml, while asymptomatic infection was found
below this level in infants (this correlation couldn't be applied to mothers). Ganciclovir as anti-HCMV was
followed up in 12 mothers by semi-quantification technique, five of them were non responders. HCMV activity was
detected by Real-Time-PCR of pp65 gene in 17 mothers and 3 children, only, 3 mothers and 2 children were found
to have active HCMV infection whom are in urgent need for treatment. In conclusion, either HCMV semi-
quantification and/or Real-time pp65-DNA are sensitive methods in detecting and follow up treatment in mothers
prenataly as well as postnately with their children. Also, they are important markers in differentiation between
latent and active infection. (Int. J. Ch. Neuropsychiatry, 2005, 2(2): 119-141)

INTRODUCTION remains a major problem worldwide. Intrauterine

infection occurs in up to 50% of pregnancies

following primary maternal infection, and 10% of

the infected infants are symptomatic at birth. In

addition, 5to 15% of asymptomatic (clinically

‘silent’) babies are at risk of developing

neurological sequelae which may be progressive

throughout early childhood. Reactivated maternal

infections involve mostly minor consequences for
the offspring (less than 2%)°.

Cytomegalovirus genome is approximately
240 kilobases, includes more than 200 genes,
encoding at least 35 structural proteins and a still
undefined number of non structural proteins. The
viral envelope is composed of at least eight
glycoproteins; most of the neutralizing antibodies

Cytomegalovirus (CMV) belongs to the
family herpes viriolae. It is the most common
vertically transmitted viral infection in the
developed world, which may be transmitted pre-
natally via transplacental or in-utero acquisition
routes resulting in congenital CMV infection. The
associated morbidity and sequelae of CMV vary
depending on the route of acquisition of infection,
and maternal immune status'.

Neonatal morbidity associated with CMV
most often results from congenital CMV infection,
which occurs in 0.5-2.0% of all deliveries in the
developed world®. Congenital CMV infection
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are directed against glycoprotein B (gB) and
glycoprotein H (gH)".

Although PCR for CMV DNA detection in
peripheral blood leukocytes is the most sensitive
procedure for detecting viral infection, when PCR
is carried out in a non-quantitative (qualitative)
way, it is of little clinical value since it lacks
specificity for the diagnosis of CMV “disease’™.
The measurement of viral load by quantitative
PCR appears to be promising and important for
the diagnosis of active infection, prediction of
CMV disease, differentiation of latent from active
infection, and monitoring of therapy6. Methods
developed for DNA quantification by PCR may be
classified into: End-point dilution method,
competitive quantitative, non-competitive
quantitative and real-time quantitative assays’.

End-point dilution PCR methods provide only
relative data. These procedures are designed to
perform titer determinations of the target template
or of an external control by end-point sample
dilution prior to PCR or by coamplification of
target and an endogenous cellular (e.g. B-globin)
DNA sequenceg. The introduction of Real-Time
PCR has made it possible to accurately quantify
starting amounts of nucleic acid during the PCR
reaction without the need for post-PCR analysesg.
Real-time PCR based on the TagMan technology
provides an accurate means to quantify viral DNA
with the major advantage of avoiding post-PCR
handling that can be the source of DNA
carryover'’.

The aim of this study was to apply different
quantitative PCR based assays capable of
quantifying the CMV load in peripheral blood as a
surrogate marker for disease severity and
treatment follow up.

SUBJECTS AND METHODS

Among infants with suspected congenital
CMV infection and presenting by severe
neurodevelopmental disorders, twenty infants
were selected and included in the present study
according to positive laboratory results for CMV
(ELISA and PCR). These were 11 males and 9
females, aged between 6 months and 2 years.
Moreover, fifty mothers presenting by repeated
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abortions (more than three times), repeated
neonatal or infant deaths, repeated intra-uterine
fetal deaths (IUFDs) (three or more) and those
having affected children were also selected
according to positive CMV IgM and/or high IgG
antibodies and positive PCR for CMV-DNA. All
selected mothers showed no gynecological or
obstetrical problems. All cases were referred to
the Outpatient Clinic of the Department of
Research on Children with Special Needs,
National Research Center.

Cases were subjected to:

1. History: Detailed history taking of the
infants  including  pedigree  analysis,
developmental history, similarly affected
family member and age of onset and
presenting manifestation. As for the mothers:
history of abnormal pregnancy, history of
previous abnormal TORCH during pregnancy
and history of any previous or current
immuno-suppressant state were evaluated.

2. Clinical Assessment:

a) Evaluation of the infants included:

e Full general examination including all
body systems with special emphasis
on the neurological system.

e Weight, height and head
circumference were measured and
compared to age and sex matched
control. All measurements followed
the  recommendations of  the
International ~ Biological = Program
(LB.P)".

e Fundus examination, auditory
brainstem evoked responses (ABR),
electro-encephalogram (EEG) when
indicated.

® Brain neuroimaging (CT scan or
MRI) for all cases.

e Vineland Social Maturity Scale'” was
done for all infants. Mental
subnormality was classified into mild
(IQ 50-70), moderate (IQ 35-49) and
severe (IQ 20-34) according to the
Diagnostic and Statistical Manual of
Mental Disorders, 4" edition'’.

b) Clinical evaluation of the mothers
included assessment of all body systems.

3. Laboratory investigations:
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a)

b)

)

d)

Chromosomal complements were
normal in all cases.

Enzyme-linked immunosorbent assay
(ELISA) test:

Antibodies against CMV (IgM and IgG)
were tested in serum samples from all
mothers and children (70 cases) using
conventional enzyme immunoassay
systems (Sorin Corporation, Italy).
Polymerase Chain Reaction (PCR) to
detect viral DNA:

DNA extraction was carried out
following the protocol of QIAGEN spin
column of the QIAamp. blood mini kit
(QIAGEN, Germany). Amplification of
CMV DNA was based on gpB-DNA
gene as template. Nested primer sets for
amplifying fragments of gpB gene were
designed with first-round primer 1: 5~
GAG GAC AAC GAA ATC CTG TTG
GGC A-3" & 2: 5-GTC GAC GGT
GGA GAT ACT GCT GAG G-3"and
second-round primer 1: 5- ACC ACC
GCA CTG AGG AAT GTC AG-3" & 2:
5-TCA ATC ATG CGT TTG AAG
AGG TA-3". This primer set is
providing an amplified product of 100
base pair (bp). These primers have been
used extensively for analysis of CMV
by different investigatorsM.
Denaturation and primer annealing was
performed and melting temperature
(Tm) of primer hybridization was
calculated. Primer extension and
detection of PCR amplified products by
agarose gel electrophoresis was done.
Standardization of End-Point
Dilution Nested PCR for CMV-gpB-
DNA:

End-point dilution nested PCR using
defined volumes of DNA was
performed to all cases (mothers and
infants). Considering the different
sample volumes and dilution factors
during template preparation, nested
DNA amplification and agarose gel
electrophoresis, the resulting detection

limit per assay, and the number of
CMV/DNA genomic equivalents were
calculated. Since the molecular weight
of CMV DNA is 6.2x 10° g/mol, one
genome equivalent (GE) corresponded
to 0.01fg CMV DNA. The resulting
data readings were given in the form of
GE/m!".

A simple end-point dilution nested
PCR in which the levels of viral CMV-
DNA in the test blood sample was
determined using a limited 10 folds
serial dilution approach, in which, the
end-point was read visually, following
agarose gel electrophoresis (Fig. 2).
Detection limit was about 0.5-5 fg
CMV-DNA/5ul of the extracted DNA
corresponding to 50-500 viral copies/
5ul DNA following the method reported
by Hamprecht et al.'®.

5ul (corresponding to Ing of total
genomic DNA) of serial 10 folds
dilutions of purified DNA from whole
blood were used as template DNA for
the first round PCR. 5ul from the first
PCR product were used as template for
the second round (nested) PCR 14.

Then, the products of the nested
PCR were electrophoresed in agarose
gel and the end-point was read as the
highest dilution of the starting DNA
(lowest DNA concentration) which
resulted in a visible band.

By this method, the smallest
amount of the starting target DNA
detected by ethidium bromide after the
second round PCR was equivalent to 50
CMV copies. This volume will be
multiplied by the dilution factor to
obtain the original amount of DNA prior
to dilution. Then referring this result to
the original blood volume from which
the DNA was extracted. Using the
classical DNA  phenol/chloroform
extraction method, the lowest detection
limit of CMV was achieved.

129



The International Journal of Child Neuropsychiatry

Vol. 1 (1) - Sept. 2004

e)

130

Real-Time PCR Quantification of
CMV-ULS3 Gene:

Twenty CMV-gpB-PCR positive
blood samples from 17 women and 3
infants were included for detection of
active CMV infection by detection and
quantification using real-time PCR of
CMV-ULS83 gene. DNA was extracted
from blood samples by QIAamp Blood
mini-kit.

Real-Time PCR was performed
according to a technique that was
adapted to ABI Prism 7000 detection
system with a sequence detection system
based on an exonuclease assay using a
Tagman probe. Taqman probes are
oligouncleotides  that  contain a
fluorescent dye, typically on the 5 base,
and a quenching dye typically located
on the 3° base. When irradiated, the
excited fluorescent dye transfers energy
to the nearby quenching dye molecule
rather than fluorescing, resulting in a
non-fluorescent  substrate. ~ Taqman
probes are designed to hybridize to an
internal region of a PCR product. These
hybridization probes are relying on
fluorescence resonance energy transfer
(FRET) for quantification. Fluorescence
increases in each cycle, proportional to
the rate of probe cleavage. The
sequence of the PCR primers and that of
the probes used to quantify CMV were
selected from the phosphorylated (pp65)
matrix protein (UL83) gene with Primer
Express software (Perkin-Elmer
Biosystems, Foster City, California).
The Tagman probe selected between the
2 primers was fluorescence labeled at
the 5° end with 6-carboxyfluorescein
(FAM) dye, as the reporter dye and at
the 37 end with 6-
carboxymethylrhodamine (TAMRA) as
the quencher dye. PCR was performed
with 25ul of Tagman Universal PCR
Master Mixture (Perkin-Elmer

Biosystems). The PCR product was
detected as an increase in fluorescence
with the ABI PRISM 7000 instrument
(Perkin-Elmer Biosystems).
A known DNA concentration from
CMV plasmid was used as a standard in
this study. CMV was quantified using
serially diluted CMV standards within
the range of 10 and 10’ copies/well, and
the number of CMV copies was
calculated. The number of target copies
in the reaction was deduced from the
crossing point value, corresponding to
the fractional cycle number (threshold
cycle) at which the released fluorescence
exceeded 10 times the standard deviation
of the mean baseline emission using
Sequence Detection System Software
(ABI Prism 7000 SDS Software; Perkin
Elmer Biosystems). To control against
cross-contamination, a sample consisting
of distilled water was utilized.
4. Treatment:
Oral ganciclovir (a specific FDA approved
commercial anti-CMV medication) was
administered to 12 mothers with positive
CMV who were not pregnant at a dose of
1000mg tid for 14 days”. End-point dilution
nested PCR amplification was done to these
cases before and after treatment and the
response to the antiviral therapy was
evaluated.

RESULTS

Among infants referred to the Clinic of
Children with Special needs and presenting by
severe neurodevelopmental disorders, and mothers
presenting by repeated abortions, IUFDs, neonatal
or infant deaths, or delivery of affected infants, we
selected 20 infants diagnosed as congenital CMV
and 50 mothers. All cases were tested positive for
CMYV IgM and/or high IgG antibodies and positive
PCR for CMV-DNA. All infants and mothers had
normal chromosomal studies.
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The 20 infants studied had a gestational age
between 34 and 41 weeks and. Neonatal
manifestations in the form of low birth weight (<
2500 gm), neonatal sepsis and neonatal jaundice
were represented in 85% of the affected infants.
The most frequent clinical findings of the affected
infants were developmental delay (90%), mental
subnormality (75%), microcephaly (45%), and
seizures (40%). Sensorineural hearing loss,
chorioretinitis and hepatosplenomegaly accounted
for 25%, 20% and 15% respectively (Table 1).
There was a lack of association between severity
of the disease and IQ scores, however, cases with
chorioretinitis ~ were associated the most
devastating  cognitive  deficits,  significant
retardation and severe microcephaly (> -5 SD).

Brain neuroimaging findings in the
presenting infants showed that cortical and central
atrophic changes were the most predominant
findings (60% of cases) followed by white matter
hypomyelination (35%), intracerebral
calcifications (20%) and cerebellar hypoplasia
(10%) (Table 1) (Fig. 1). Strikingly, one case
showed Dandy-Walker malformation and another
case showed hypogenesis of corpus callosum.
Moreover, normal brain neuroimaging findings
were found in 3 cases (15%).

Regarding maternal clinical findings, delivery
of an affected infant was the most frequent
presenting complaint (40%) followed by repeated
abortions (30%) then repeated neonatal deaths
(20%) and repeated IUFDs (10%) (Table 1).

ELISA investigations of the 50 mothers and
the 20 infants revealed CMV IgM positive results
in 12 mothers and 9 infants (24% and 45%
respectively). CMV IgG was highly positive in all
mothers and infants (100%). PCR for CMV-DNA
was positive in all cases (100%) (Table 2).

All infants and mothers were exposed to end-
point dilution analysis of CMV-gbB-DNA. They
were grouped into 5 groups according to the
results of CMV-gpB-DNA load. Detailed results
of CMV DNA levels in blood samples of the
examined infants and women listed in Table (3).
End-point dilution method was very accurate in
detecting the viral load among infected mothers
and infants, with viral quantity ranged from 1.6
X10°? genome equivalents (GE)/ml to 3.3 X10°

GE/ml (Table 3) (Fig. 2). Our results showed that
70% of examined women and 55% of infants had
CMYV viral load ranging from 3.3 X10* GE/ml to
3.3 x10* GE/ml, 22% of women and 20% of
infants had a viral load more than 3.3 X10" GE/ml
and 8% of women and 25% of infants had a viral
load of 1.6 X10® GE/ml. These results indicate
that viral load below the level of 1.6 X10° GE/ml
is not accompanied by symptomatic CMV disease.

It is worth noting that levels of viral load did
not correlate with the severity of the clinical
picture of the mothers. On the other hand, in the
affected infants, high viral load was associated
with severe microcephaly (> -5 SD), severe brain
neuroimaging findings and development of SNHL.
Moreover, CMV IgM was negative in cases with
very low viral load denoting that quantitative PCR
is an accurate method in detecting the very low
CMV quantity.

Twelve mothers receiving oral ganciclovir
were followed. Viral load was very high in 6 cases
(3.3x 10° GE/ml to 3.3x 10° GE/ml), moderate in
4 cases (3.3x 10’ GE/ml to 3.3x 10%) and mild in
two cases (1.6x 10°). Efficacy of this medical
intervention response was monitored by end-point
dilution nested PCR amplification before and after
treatment. Our results showed that only 6 cases
showed decreased viral load, while one case
showed complete recovery. The other 5 cases
were not responding, where their CMV load was
moderate to high and did not decrease after
antiviral medication. It is worth mentioning that 2
cases who did not respond and had very high viral
load get pregnant and delivered severely affected
outcome with CMYV infection, thus suggesting the
presence of a significant correlation between
CMV load in mothers and disease severity in their
newborns.

Twenty cases (17 women and 3 infants)
positive for CMV-gpB-DNA by PCR were
exposed to further assessment of CMV infection
by detection of UL83 gene quantification using
real-time PCR. Positive real-time PCR results
were found only in 5 patients (3 mothers and 2
infants) (25%) out of 20 (Fig. 3).

Comparison between levels of CMV-DNA
using different genes (UL83 and gpB) and
different methods in the five positive UL83 cases
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by real-time PCR is presented in table (4) and

(Fig. 4).

Table 1. Main clinical findings of affected mothers and infants.

Clinical Findings
No (50) %
Mothers:

e Birth of affected infant 20 40
® Repeated abortions 15 30
® Repeated neonatal deaths 10 20
® Repeated ITUFD 5 10
Infants: No (20) %
e Low birth weight 8 40
® Neonatal septicemia 6 30
® Neonatal jaundice 3 15
e Developmental delay 18 90
® Microcephaly 9 45
e Growth retardation 4 20
e Severe hypotonia 6 30
® Spasticity 2 10
e Hemiparesis 2 10
o Seizures 8 40
® Hepatosplenomegaly 3 15
e Deafness (SNHL) 5 25

o Cataract 1 5

¢ Anophthalmia 1 5
® Chorioretinitis 4 20

¢ Iris coloboma 1 5
® Squint 2 10
® Mental Subnormality (Total) (15) (75)
- Mild mental subnormality (IQ: 50-70) 3 15

- Moderate mental subnormality (IQ: 35-49) 6 30

- Severe mental subnormality (1Q: 20-34) 6 30

¢ Brain Neuroimaging Findings:

- Basal ganglia calcifications 1 5

- Periventricular calcifications 3 15

- Cortical & central atrophic changes 12 60

- White matter hypomyelination 7 35

- Cerebellar hypoplasia 2 10

- Dandy-Walker malformation 1 5

- Hypogenesis of corpus callosum 1 5

- Normal findings 3 15
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Table 2. ELISA and PCR results among affected mothers and infants.

Test Affected mothers (no.=50) Affected infants (no.= 20) Total
+ve -ve +ve -ve
12 38 9 11
1eM 24% 76% 45% 55% 70
50 0 20 0
166 100% - 100% - 70
50 20
PCR 100% i 100% i 70
CMV IgM is considered positive if > 30 Eu/ml (Nielsen et al., 1986).
CMV IgG is considered positive if > 80 Eu/ml (Nielsen et al., 1986).
Table 3. End-point dilution method of CMV DNA among studied cases.
No of CMV gpB : Affected women
Birth of | Repeated | Repeated | Repeated Affected
DNA GE/ml
affected | abortions | neonatal IUFD Total Infants
whole blood .
infant deaths
1.6X10° GE/ml 1 3 - - 4 (8%) 5 (25%)
3.3X10° GE/ml 8 5 4 1 18 (36%) 8 (40%)
3.3X10* GE/ml 6 5 3 3 17 (34%) 3(15%)
3.3X10° GE/ml 4 1 2 1 8 (16%) 1 (5%)
3.3X10° GE/ml 1 1 1 - 3 (6%) 3(15%)
20
Total 20 15 10 5 50 (100%) (100%)

Table 4. Comparison between UL83 and gpB genes levels.

C Level of HCMV-UL83-DNA Level of HCMV-gpB-DNA
ases
copies/ml whole blood GE/ml whole blood

1 Mother 5 X10* copies/ml 3.3 X10° GE/ml
2" Mother 12 copies/ml 3.3 X10* GE/ml

3™ Mother 5.3 X10* copies/ml 3.3 X10° GE/ml

1* Infant 3.5X10° copies/ml 3.3 X10° GE/ml

2™ Infant 1.5 X10° copies/ml 1.6 X10° GE/ml
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Fig. (1): CT brain scan: (A) Note ventricular dilatation and periventricular calcifications.
(B) Note cortical atrophy and periventricular calcifications.

\ﬁf—j%(—)

1% Patient 2" Patient

Fig. (2): Standardization results of end-point dilution method for CMV-gpB-DNA by nested PCR.
2nd PCR products was visualized by 3% agarose gel electrophoresis stained with ethedium
bromide of 10 fold serial dilution of DNA samples from 2 patients.

Lane 1: negative PCR assay.

Lanes 2 to 5: 1* patient’s sample, where in lane 2, positive blood samples to CMV, lanes 3 to 5
negative to CMV.

Lane 6 to 9: 2" patient’s sample, gave positive results in spite of 10 fold serial dilution of DNA.
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Lane M: 126 bp amplified DNA product of a known band, serves as a marker.
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Fig. (3): Real-time PCR of CMV-ULS83 gene. A window graph showing 2 infants (P1 and P2)
with congenital CMV. Viral load was high in P1 (cycle42) while it was very low in P2.
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Fig. (4): Algorithmic graph, showing the comparison between the level of CMV-gpB-DNA and
CMV-UL83-DNA in 5 patients. Only 2 patients almost have similar levels of infections.

135



The International Journal of Child Neuropsychiatry

Vol. 1 (1) - Sept. 2004

With regard to the severity of the symptoms
and possible long-term consequences, the time of
infection with CMV is of great importance'®.
Neonatal morbidity associated with CMV most
often results from congenital CMV infection. Our
study showed that neonatal manifestations in the
form of low birth weight (<2500 gm), neonatal
sepsis and neonatal jaundice were represented in
85% of the affected infants which is consistent
with the recent study of de Vries et al."’.

Mental sub normality (IQ < 70) was noted in
75% of the presented infants, seizures in 40% and
chorioretinitis in 20%. In the study done by
Boppana et al.”°, mental subnormality was recorded
in 47% of cases, seizures in 11% and
chorioretinitis in 12%. Cases with chorioretinitis
in the present study were associated the most
devastating  cognitive  deficits,  significant
retardation and severe microcephaly (> -5 SD)
which is consistent with Noyola et al.2l, who stated
that central nervous system involvement in
children with congenital CMYV infection—as
evidenced by the presence of microcephaly,
seizures, abnormal tone, or chorioretinitis at
birth—has been shown to predict the development
of cognitive and motor deficits. It is generally
accepted that symptoms of congenitally infected
children are more severe after primary infection
than after recurrent infection.

Twenty to 30% of all deafness cases are
caused by CMV. Deafness represented 25% of
infants in the present study which is less than that
reported by Barbi et al.”* (59%). This may be
attributed to the younger age of our cases, as
deafness experience continuous deterioration by
age in cases with congenital CMV?*, Evidence of
disseminated infection (in the form of intrauterine
growth retardation, petechiae, hepato-
splenomegaly, hepatitis, thrombocytopenia, and
intracerebral calcifications) with or without the
presence of neurologic involvement at birth was
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predictive of the development of hearing loss in
children with congenital CMV infection™.

Congenital CMV infection can cause a wide
range of brain anomalies. In the present study,
white matter hypomyelination and intra cerebral
calcifications represented 35% and 20% of
affected infants respectively; compared to 100%
and 66% respectively in the study done by Steinlin
et al.”. Cerebellar hypoplasia accounted for 10%
of the presented cases compared to 36% in the
study of de Vries'. Strikingly, one case showed
Dandy-Walker malformation and another case
showed hypogenesis of corpus callosum in our
study denoting that variable brain neuroimaging
findings may be present in cases with CMV
infection with no definite abnormality. Moreover,
we found normal brain neuroimaging findings in 3
cases (15%).

Regarding maternal findings in the present
study, 40% of cases presented by delivery of an
affected infant followed by repeated abortions
(30%) then repeated neonatal deaths (20%) and
repeated IUFDs (10%). The above results indicate
that repeated abortions is the most common
antenatal presentation of CMV infection which is
cogﬁsistent with that stated by van Lijnschoten et
al.”™.

Our results showed that ELISA investigations
of the 50 mothers and the 20 infants revealed
CMV IgM positive results in 12 mothers and 9
infants (24% and 45% respectively). CMV IgG
was highly positive in all mothers and infants (70
cases). Definite diagnosis of CMV infection can’t
be based on ELISA results alone as, in adults,
IgM antibody results should be interpreted along
with the clinical findings as IgM antibodies may
persist for months and even years and may be
detected during reactivation of latent virus
infections. Moreover, ELISA technique can’t
distinguish between CMV infection and CMV
disease in the newborn”’.

All cases in the present study showed
positive PCR for CMV-DNA. However, when
PCR is carried out in non-quantitative way, it is of
little clinical value to follow up patients during the
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course of treatment, complementary tests are
needed to help in the detection of the infection.
Detection of CMYV, differentiation between
infection and disease, and monitoring of therapy
have been recently sharpened by using molecular
biology methods mainly based on measurement of
viral load by quantitative PCR*. For that, we
optimized two methods of CMV quantification.
They are end-point dilution nested PCR
amplification of CMV-gbB-DNA and real-time
PCR amplification of UL-83 gene.

End-point dilution nested PCR methods are
designed to perform titer determinations of the
target template or of an external control by end-
point sample dilution prior to PCR. Regarding
CMYV infection during pregnancy, the challenge is
not only to detect infection, but also to determine
whether the infection will have any clinical
consequences. Concerning the need to distinguish
CMV infection from CMV disease, quantification
of CMV-DNA in whole blood has been proposed
in this study to be more specifically associated
with the disease in women during child bearing
period.

All infants and mothers in the present study
were included in end-point dilution technique for
detection of CMV-gbB-DNA. This method was
very accurate in detecting the viral load among
infected mothers and infants, with viral quantity
ranged from 1.6 X10° genome equivalents
(GE)/ml to 3.3 X10° GE/ml. Our results showed
that 70% of examined women and 55% of infants
had CMV viral load ranging from 3.3 X10* GE/ml
to 3.3 X10* GE/ml, 22% of women and 20% of
infants had a viral load more than 3.3 X10* GE/ml
and 8% of women and 25% of infants had a viral
load of 1.6 X10° GE/ml. These results indicate
that viral load below the level of 1.6X10° GE/ml is
not accompanied by symptomatic CMV disease.
The amount of human cytomegalovirus (CMYV)
DNA in sera is considered to be a direct marker
for CMV infection. However, elevated virus load
continued to be the predominant risk factor for
progression to CMV disease®.

Viral load estimation using end-point dilution
nested PCR method on serum samples positive by

the qualitative method could be used to distinguish
asymptomatic infection from CMV related disease
with 100% specificity and sensitivity’® had
estimated CMV viral load in amniotic fluid of
infected pregnant women and reported that viral
load ranging from 10° to 10" GE/ml was found in
36% of the examined women, where 46% were
above 10* GE/ml. After birth, whole infants were
found to have different CMV load infections.
Marin et al.’!, studying 68 bone marrow and
kidney transplanted patients, stated that patients
having <867 CMV particles/ug DNA did not
present symptoms suggestive of CMV disease
while other patients with >867CMV particles/ug
DNA presented these clinical symptoms. In
another study on HIV infected patients, the
diagnosis of active infection was based on the
detection of the CMV replication in the blood.
High CMV loads in the blood (8.000.000
copiess/mg DNA) were important predictive
factors for active infection and for the appearing
of disease. Thus, end-point dilution nested PCR
method for determination of CMV loads could be
important tool for diagnosis of active infection and
disease, as well as for CMV disease prediction in
AIDS patients®.

Our results indicated that the clinical
manifestations of the mothers do not depend on
viral quantity. On the other hand, in the affected
infants, high viral load was associated with severe
microcephaly (> -5 SD), severe brain
neuroimaging findings and development of
sensorineural hearing loss (SNHL). It was
reported that infants with symptomatic congenital
CMV infection excrete large amounts of virus in
the first few months of life*® and the children who
developed hearing loss had higher CMV
quantitative titers during infancy than those with
normal hearing which is consistent with our
results.

The response to oral ganciclovir in the
present study was monitored in 12 mothers by the
end-point dilution method before and after
treatment. Five cases were not responding to
therapy, 2 of them had very high viral load and
delivered severely affected outcome with CMV
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infection, thus suggesting the presence of a
significant correlation between CMV load in
mothers and disease severity in their newborns.
These results may be also suggestive of reduced
efficacy of ganciclovir, perhaps due to the
appearance of drug-resistant CMV strains to this
antiviral drug with specific mutations in the UL97
and UL54 genes of CMV*. The role of host
factors should not be ruled out in making up the
overall response to antiviral treatment.

Real-time PCR provides accurate and
reproducible measures of gene copies. This
method was designed for quantification of the
UL83 gene copies that seems to be linked to viral
replication. Therefore, the importance of this
technique comes from its ability to determine viral
activity which, when compared with results of
end-point dilution method, helps in differentiation
between latent from active infection. The most
significant advance of the real-time systems comes
from its rapid thermocycling and simultaneous
detection characteristics.

The 20 patients who were assayed by real-
time PCR for UL83 copy number in the present
study had positive determinations only in 5
patients (3 mothers and 2 infants) (25%).
Differences in CMV end-point dilution method for
gpB gene in correlation with real-time PCR for
UL83 gene were noticed. Others had reported
similar differences between real-time UL83 DNA
PCR and other quantitative PCR results, but the
clinical significance of CMV-DNA load
associated with low antigenemia (UL83 gene
level) remains to be established.

In general, there is good evidence that high
CMV load is associated with a higher risk of
progression to CMV disease especially in
immunocompromized patients, as well it can be
used to track response to therapy. Moreover, a
high viral load is correlated with symptomatic
congenital CMV infections at birth®.

We concluded that end-point dilution
quantitative PCR is a sensitive method for
detection of low CMV quantity that adds to our
capability of diagnosis and management. The
amount of CMV DNA in peripheral blood seems
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to be a direct marker for CMV infection. There
was a direct correlation between the severity of
the clinical picture in affected infants and the viral
load. Very low viral load was not accompanied by
symptomatic CMV disease. Real-time PCR is a
promising method for detection of CMV and helps
in discrimination of viral load from viral
replication and differentiation between latent from
active infection. The invention of new antiviral
drugs capable of overcoming the drug-resistant
CMV strains is also recommended. Moreover,
prevention of CMV by developing a vaccine
which can be administered to seronegative women
of childbearing age to prevent the occurrence of
primary CMV infection during pregnancy will be
of great help in controlling this health problem.
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