
Clinical applications of real-time PCR for
diagnosis and treatment of human
cytomegalovirus infection in children

Human cytomegalovirus (HCMV) is a major
pathogen of congenital and perinatal infections;
hence, children are the most common group
affected for primary infection (1, 2). HCMV
infective rate in children increased significantly in
recent years with the increasing practice of bone
marrow transplantation and immunocompro-
mised status after chemotherapy in children with
malignancy. For this reason, there is a need for
early detection of HCMV so that proper man-
agement may be provided immediately. At pre-
sent, viral culture, serologic assays such as
enzyme-linked immunoabsorbent assay (ELISA),
antigenemia assay and conventional polymerase
chain reaction (PCR) are being used for detection
of the viral agent. However, these methods would
only indicate the presence or absence of HCMV
and/or would not necessarily indicate active
infection and clinically relevant disease.

Quantitative PCR, which includes competitive
PCR assays and hybridization of PCR products
to probes in a microwell format, has been shown
to be helpful in determining the severity of an
infection and predicting the risk of a patient of
developing HCMV disease (6). Although, these
tests are labor-intensive and require post-PCR
handling. In this paper, real-time PCR
(RT-PCR) which is more rapid and convenient,
(7, 9) was used to detect HCMV copy numbers in
sera and its value in the diagnosis and treatment
of HCMV infection was evaluated.

Materials and methods
Patients

Forty-five children of <5 years old suspected of
having HCMV infection seen in both outpatient
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There are many methods of detecting human cytomegalovirus (HCMV)
infection. So far, the quantitative polymerase chain reaction (PCR) has
been very useful not only in aiding in the diagnosis of HCMV but also
in determining the severity and predicting HCMV infection. However, it
is time-consuming and labor intensive. Real-time PCR (RT-PCR) is an
exception, for it allows rapid quantification of HCMV DNA load. Our
group used this method for detecting and monitoring HCMV and
compared it with the diagnostic criterion recommended by the Pediatric
Branch of Chinese Medical Association, in 45 children suspected of
having HCMV infection. The response to two types of antiviral treat-
ment on HCMV DNA load was also monitored in HCMV hepatitis
cases. RT-PCR was positive in 30 cases while the diagnostic criterion,
which includes enzyme-linked immunosorbent assay (ELISA) and/or
conventional PCR, was positive in 32 cases. The decrease in the HCMV
DNA load was achieved earlier in the modified treatment group com-
pared with the conventional treatment group. A 103 copies/ml of
HCMV DNA load of is a useful cut-off value in predicting patients who
will have symptoms of the disease. RT-PCR can be used not only in
detecting HCMV but also in monitoring response to antiviral treatment
and risk of having symptoms of the disease.
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and inpatient department of the Third Affiliated
Hospital of Sun Yat-sen University (SU) from
November 1998 to November 2000 were included
in the study. HCMV infection suspect was
defined as having one or more of the following
signs and symptoms: prolonged fever for
2 weeks, jaundice, hepatosplenomegaly, and un-
resolved cough for more than 1 month, purpura
and anemia. Sera from all 45 HCMV suspects
were isolated and used for ELISA, conventional
PCR, and RT-PCR. Ten normal healthy children
with age <1 year were selected as a RT-PCR
normal control group. This age group was
chosen to reduce the false-positive results of
HCMV DNA since children older than this age
group is most likely to have had asymptomatic
HCMV and the patients with HCMV hepatitis
were within this age group. The study were
approved by the ethics committee of our hospital
and the parents gave informed consent.

Diagnostic criterion

Definitive diagnosis of HCMV infection was
based on the proposal of the Pediatric Branch
of Chinese Medical Association which is defined
as clinical symptoms, such as prolonged fever for
2 weeks, jaundice, hepatosplenomegaly, unre-
solved cough for more than 1 month, purpura
and anemia, with positive HCMV-IgM by ELISA
and/or positive for HCMVDNA by conventional
PCR, and other diseases being excluded (8).

HCMV real-time PCR assay

The upstream and downstream primers were:
5¢-GATAAGGTTCATGAGCCTTTCG-3¢ and
5¢-GCATTGAGGCAAGTTCTGTAAC-3¢; flu-
orogenic probe was 5¢-CTTGTATTAAGGAAC
TCTATAATGTGACC-3¢. HCMV DNA was
extracted from sera and performed according to
the manufacturer’s recommendations. PCR reac-
tionwas performed as described previously (7, 11).
Briefly, either 10 ll of calibrated plasmid dilution
or DNA was added to the PCR mixture. All PCR
reaction mixture contained 1X PCR buffer
(10 mm Tris-HCL, pH 8.3, 50 mm KCl), 5 mm

MgCl2, 0.2 mm dNTP (Da An Gene Diagnostic
Center, GZ, China). The 0.2 mm each primer and
1 U of platinan Taq DNA polymerase (Da An
Gene Diagnostic Center). The reaction, data
acquisition, and analysis were performed using
the ABI 7700 sequence detection system (Perkin-
Elmer Applied Biosystems, Foster City, CA,
USA). Cycling include an initial denaturation
for 2 min at 93�C, followed by 40 cycles of dena-
turation at 93�C, and annealing at 55�C for 130 s.

Conventional PCR assay

The upstream and downstream primers
were 5¢-TGGGCTAACTATGCAGAGCA-3¢; and
5¢-AGCCATTGGTGGTCTTAGGG-3¢ respect-
ively. The amplification of the 244 bp was carried
out in a GenAmp 9600 Thermal Cycler (Perkin-
Elmer) upon the recommendation of the manu-
facturer. Thirty-five cycles of amplification (93�C
for 45 s, 56.3�C for 45 s and 72�C for 60 s) and
an extension for 15 min at 72�C was performed
at the end of the reaction. The amplified PCR
products were electrophoresed on a 2% agarose
gel containing ethidium bromide and results were
photographed. Detection of false-positive results
caused by contamination were performed and
excluded. Likewise, positive and negative con-
trols were used in all the tests.

HCMV ELISA

The IgM antibodies to HCMV were measured
using a qualitative ELISA (Sorin Biomedical,
Milan, Italy). A positive result is defined as
the presence of HCMV-specific IgM antibody
response.

Treatment

Twenty-five children with HCMV hepatitis were
selected for monitoring the effect of treatment
based on the number of HCMV DNA using RT-
PCR. These patients were randomly assigned to
two groups. The first group had 12 patients and
received the conventional treatment (combina-
tion of prednisone (12) 1 mg/kg/day for 1–
3 months, sodium glucuronate, 0.1–0.2 g/day
and sodium luminal 3–5 mg/kg/day (13) for
3 months). The second group had 13 patients
and received the modified treatment (combina-
tion of prednisone 1 mg/kg/day for 1–3 months,
sodium glucuronate, 0.1–0.2 g/day and sodium
luminal 3–5 mg/kg/day for 3 months, ganci-
clovir, dose: 7.5 mg/kg every 12 h · 14 days then
5 mg/kg/day three times a week for 3 months and
intravenously immunoglobulin, dose: 2.5 g/day
for 5 days). RT-PCR was performed on both
groups at five stages: upon admission, discharge
and third, sixth and ninth month after discharge.

Statistical analysis

The rank sum test (Kruskal–Wallis test) was used
for comparison of the distribution of viral copy
numbers while a manova test was used for a
comparison of viral load between the two groups
in all five stages (i.e., upon admission, discharge
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and third, sixth, and ninthmonth after discharge).
For comparison of viral load between both
groups, having with or without symptoms, t-test
was used. A p-value of <0.05 was considered as a
statistically significant result.

Results

Of the 45 HCMV infection suspects, five were
HCMV-IgM-positive alone, 17 were positive for
the conventional PCR alone and 10 were positive
for both. Thus, based on the diagnostic criterion,
32 patients were identified as HCMV infection
with clinical features tabulated in Table 1. From
the 45 HCMV suspect patients, 30 were positive
for RT-PCR and also satisfied the diagnostic

criterion. Since there is no gold standard for the
diagnosis of HCMV infection in children, we
used the diagnostic criterion as our reference and
compared it with the use of RT-PCR and
presence of symptoms. The sensitivity, positive
predictive and negative predictive values of RT-
PCR is summarized in Table 2.
Among the 30 children with positive RT-PCR

results, there were 25 cases of HCMV hepatitis,
two cases of interstitial pneumonia which devel-
oped after chemotherapy of acute lymphoblastic
leukemia, two cases of idiopathic thrombocytop-
enic purpura and one case of recurrent pneu-
monia.
The group who received the modified treat-

ment had 1.80 · 103–2.87 · 107 copies/ml of
HCMV DNA while the group who received the
conventional treatment had 1.40 · 103–
2.38 · 107 copies/ml of HCMV DNA. There
was no significant difference in viral copy num-
bers between the two groups (p > 0.05). Among
the 10 cases in the normal control group, nine
had 0 copies/ml and one had 1.2 · 102 copies/
ml. There was a significant difference between the
normal control group and HCMV hepatitis
group (p < 0.001) (Table 3).
There was a decrease in copy number of

HCMV DNA in both the HCMV hepatitis-
treated groups. However, the decrease was
more significant in the group who received
the modified treatment. The drop in the copy
number of HCMV DNA (103 copies/ml) was
observed at the time of discharge. This decrease
in number was only noted on the third month

Table 1. Characteristics of patients with human cytomegalovirus (HCMV)
infection

Features n (%)

Age (months)
Range 1–48
Mean 4.9

Sex
Male 20 (67.5)
Female 12 (37.5)

Mothers with HCMV infection 16 (50)
Symptoms

Prolonged fever 2 (6.25)
Jaundice and hepatosplenomegaly 27 (84.4)
Cough 2 (6.25)
Purpura 2 (6.25)
Anemia 28 (87.5)

Table 2. Comparison between real-time PCR and diagnostic criterion results for 45 HCMV suspects

Number of patients

Total suspect Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Real-time PCR Diagnostic criterion

+ ) + )

30 2 32 13 45 100 13.3 93.8 100

PPV, positive predictive value; NPV, negative predictive value; PCR, polymerase chain reaction; HCMV, human cytomegalovirus.

Table 3. Distribution of HCMV DNA copy numbers

Group Case number Mean s.d. Minimum Maximum p-Value

Modified treatment group 13 5.139 1.435 3.26 7.48
Conventional treatment group 12 4.968 1.449 3.15 7.28 0.7*
Cases other than HCMV hepatitis 5 5.028 1.415 3.36 6.91 0.001*
Normal control 10 0.207 0.657 0 2.08

*Rank sum test (Kruskal–Wallis test) of the four groups after logarithmic transformation. There was a significant differences in viral copy numbers among the four
groups (p < 0.001), but no significant difference among the human cytomegalovirus (HCMV) infected groups (p > 0.7).
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after discharge in the group who received the
conventional treatment. Also, there was a
significant difference between the viral load of
the two groups in the five stages based on a
manova test (p < 0.001). Details are shown in
Fig. 1.
It turned out that the viral load in those who

had symptoms of HCMV infection was signi-
ficantly higher than that of asymptomatic
patients (t ¼ 18.28 and p < 0.001) according
to the copy number of HCMV DNA from the
modified treatment group and conventional
treatment group at five stages and from normal
control (Fig. 2). By using 103 copies/ml as a

symptomatic predictive critical value (¼103
with symptom and <103 without symptom)
to predict active HCMV infection, the test
results of 135 (25 patients · 5 stages + 10
normal control) indicated that the sensitivity
was 100% (46 of 46), specificity was 87.6% (78
of 89), positive predictive value was 80.7% (46
of 57) and negative predictive value was 100%
(78 of 78).
In the 25 cases of HCMV hepatitis in our

study, four had viral load of HCMV > 107 cop-
ies/ml. Among them, three had sequelae (one
from the group given modified treatment
and two from the group given conventional
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Fig. 1. The change of viral copy
numbers of the three groups at
five stages (upon admission,
discharge and third, sixth, and
ninth month after discharge
from hospital). There was a
significant difference between the
viral loads of the two groups in
the five stages based on a
manova test (p < 0.001).
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Fig. 2. Comparison of human
cytomegalovirus (HCMV) DNA
copy number between those with
symptoms and asymptomatic
cases using t-test (t ¼ 18.28 and
p < 0.001).
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treatment) namely: mental retardation, micro-
cephaly and sensorineural hearing loss.

Discussion

Quantitative, fluorescence-based, RT-PCR assay
is a HCMV DNA quantitative detection method
based on a normal PCR technique. It possesses
the high sensitivity of PCR and specificity of
DNA hybridization. Likewise, it has been repor-
ted to be an accurate quantitative assay (7, 9–11).
Based on the results of our study, clinical
symptoms plus the use of RT-PCR showed a
very high sensitivity, positive and negative pre-
dictive values, which indicate the usefulness of
this method in the diagnosis of HCMV infection.
The copy number of HCMV DNA can be

monitored during viral replication. Generally,
the levels of HCMV DNA in peripheral blood
leukocyte are lower in individuals with latent
infection than those with acute symptomatic
infections (4, 14, and 15). Conventional virologic
screening is of limited value for prediction of
development of HCMV disease (3–5) and there
are only a few data from children. Our results
showed that RT-PCR can detect HCMV DNA
levels as low as 0 copies/ml to as high as
2.87 · 107 copies/ml that is similar to previous
reports (4, 15, 16). RT-PCR showed that it could
distinguish latent from acute infection by deter-
mining the viral DNA copy number. The viral
load is higher in patients with acute infection
than those with latent infections. Moreover, the
risk of developing HCMV infection can be
predicted using 103 copies/ml of HCMV DNA
as the cut-off value. These observations can be
applied when monitoring HCMV infection
among immunocompromised patients with
malignancy. However, further studies should be
undertaken using this cut-off value on a larger
number of populations.
Some reports suggest that the risk of devel-

opment of HCMV disease might be correlated
with the viral load, i.e, the higher the viral load
value, the more serious the clinical manifesta-
tion and the poorer the prognosis (5, 16–18). In
contrast, other reports propose that there is no
correlation between the viral load values and
severity of HCMV disease (15, 19). Based on
our results of HCMV hepatitis, children with
HCMV DNA copy number >107 had sequelae,
irregardless of the type of treatment. These were
mental retardation, microcephaly and sensori-
neural hearing loss. Likewise, all of them had
severe symptoms with long duration of illness,
which might indicate that HCMV was acquired
congenitally. We can only assume because all of

our patients came for consult after 1 month of
age. Although the number of patients is relat-
ively small to make a definite conclusion, a
relationship between HCMV viral load and risk
of developing the disease, as well as prognosis
were demonstrated. Hence, we considered that
the quantitative measurement of HCMV DNA
can serve as an important tool for predicting
HCMV disease and for prognostication.
Real-time PCR demonstrated the decrease in

copy number of HCMV DNA during and after
treatment, which could be used for monitoring
the response to treatment. The present data
showed that both treatment methods were able
to decrease the copy number of HCMV DNA in
the blood. However, this decrease was earlier
noted in the modified treatment group, which was
expected because ganciclovir is an accepted
method of treatment in HCMV infection. Further
details with regards to the two different treatment
methods were discussed in another report.
The viral load presented a descending tendency

at the last two stages. This may be related to an
improvement of the immunity of these children.
We also found out that in seven cases of HCMV
hepatitis children, the viral DNA was still
detectable even after ninth month of discharge.
Similar to the study of Fang et al., they were also
able to detect HCMV DNA even after 15–40
months treatment (20). Strata et al. (21) reported
that HCMV disease could have a 30% recurrence
rate after the initial antiviral treatment. Hence,
there is a possibility that these patients may
become carriers of the virus and warrants further
investigation. In conclusion, authors recommend
the use of RT-PCR for monitoring activity of
HCMV.
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