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Abstract: The DNA of herpesviruses such as Epstein-Barr virus (EBV), cytomegalovirus (CM V), human her-
pesvirus-6 (HHV6), and human herpesvirus-7 (HHV7) has been detected in the serum of patientswith pri-
mary infection or with immunosuppression. However, it is unknown how frequently herpesvirus DNA can
be detected in the serum of immunocompetent children, or whether the detection of herpesvirus DNA indi-
catesan activeinfection or virusrelated diseases. Using a real-time polymer ase chain reaction assay, attempts
were made to detect herpesvirus DNA in the serum of 176 ambulatory children who visited a hospital for
variousreasons. EBV was detected in 4 (2.2%), HHV6in 4 (2.2%), and HHV7 in 2 (1.1%) of 176 children,
but CMV was not detected. Of the 10 positive patients, only 4 were considered, by virtue of clinical and sero-
logical characteristics, to have primary infections. The other 4 positive patients had other infections,
such as mycoplasma and salmonella. Although herpesvirus DNA could be detected in the serum of
immunocompetent children, there was not always a relationship between clinical manifestations and the
detection of virus DNA. When herpesvirus DNA isdetected in the serum, a careful inter pretation is necessary

to diagnose a primary infection or a virus-associated disease.
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Presently, 8 herpesviruses are known to be associated
with human disease. They are classified into three sub-
families: herpes simplex virus type 1, herpes simplex
virus type 2 and varicella-zoster virus are a her-
pesviruses. Cytomegalovirus (CMV), human her-
pesvirus-6 (HHV6), and human herpesvirus-7 (HHV7)
are (3 herpesviruses. Epstein-Barr virus (EBV) and
human herpesvirus-8 are y herpesviruses. Primary infec-
tion with these viruses occurs mostly in childhood, and
latent infection persistsin the host for life. It has been
reported that some herpesvirus can be detected in the
serum of patients who either have an active virus infec-
tion or are affected by an immunosuppressive condi-
tion, such as AIDS or the sequelae of organ or stem
cell transplantation (2, 3, 5, 7). Specifically, latent 8 and
y herpesviruses in blood cells are detectable in blood
from patients with these conditions (15, 18). It hasaso
been reported that the quantification of these viral DNA
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is useful in the diagnosis of virus-associated diseases and
in monitoring virus activity (2, 9, 14, 20). However, itis
unknown how frequently herpesvirus DNA can be detect-
ed in the serum of immunocompetent children or whether
the detection of herpesvirus DNA indicates an active
infection or virus-related disease. In this study, sera
were collected from immunocompetent children, and a
real-time polymerase chain reaction (PCR) was used to
detect EBV, CMV, HHV6, and HHV7. The relative
importance of viral detection in these children is dis-
cussed, along with clinical and serological data.

Materials and M ethods
Patients and samples. The patients enrolled in this

study were 176 ambulatory children (96 boys and 80
girls, mean age of 4.9 years old, range from 0-15 years),

Abbreviations. CMV, cytomegalovirus;, EBNA, EB nuclear
antigen; EBV, Epstein-Barr virus; ELISA, enzyme-linked
immunosorbent assay; HHV 6, human herpesvirus-6; HHV7,
human herpesvirus-7; PCR, polymerase chain reaction; VCA,
viral capsid antigen.
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who visited Nagoya Ekisaikai General Hospital. They
consisted of patients with a variety of health complaints,
including upper respiratory tract infection, pneumoniae,
bronchitis, bronchial asthma, gastroenteritis, fever of
unknown origin, and treated epilepsy. None had any
underlying immunodeficiency or was receiving any
immunosuppressive therapy. Blood specimens were drawvn
for clinical purposes. Informed consent was obtained
from the parents of all children enrolled in this study.
Real-time PCR assay. Vira DNA was detected by the
use of a real-time quantitative PCR assay. DNA was
extracted from 200 pl of serum with a QlAamp Blood
Kit (Qiagen, Hilden, Germany), eluted in 50 ul of dis-
tilled water, and stored at [J 20 C until use. Five micro-
liters of solution were used for the real-time PCR assay.
The primers and probe conditions for EBV, CMV, and
HHV 6 were as described in previous papers (8, 18, 19).
The PCR primers and probe for HHV7 were derived
from a DNA sequence of the U37 gene. The sequence
data were obtained from GenBank. The upstream primer
was 5'-CGGAAGTCACTGGAGTAATGACAA-3, and
the downstream primer was 5'-CCAATCCTTCC-
GAAACCGAT-3. A fluorogenic probe (5'-CTCGCA-
GATTGCTTGTTGGCCATG-3') was located between
the primers. The PCR reaction was performed with a
TagMan PCR kit and aModel 7700 Sequence Detector
(PE Applied Biosystems, Foster, U.S.A.), as previously
described (8). Real-time fluorescence measurements
were made and a threshold cycle value for each sample
was calculated by determining the point at which the flu-
orescence exceeded athreshold limit (10 times the stan-
dard deviation of the basdling) (6). A standard graph was
constructed from the threshold cycle values obtained
from serially diluted positive control plasmid (8, 18,
19). The threshold cycle values from clinical samples
were plotted on the standard curve, and the copy number
was automatically calculated by the use of a Sequence
Detector v1.6 (PE Applied Biosystems), a software
package for data analysis. Samples were defined as
negative when the threshold cycle values exceeded 50
cycles. The copy number of each virus DNA was

Table 1. Characteristics of 4 cases positive for EBV-DNA

expressed as copies per ml. The detection limits of
each virus DNA were approximately 50-100 copies/ml.
To exclude contamination from our laboratory, adequate
care was taken in the experimental design (11). For
positive cases, DNA was extracted from the original
samples, and the PCR was repeated to confirm the
results.

Antibodies to 4 viruses. Antibodies to EBV and
CMV were tested by enzyme-linked immunosorbent
assay (ELISA). The DiaSorin VCA 1gG, VCA IgM, and
EBNA 1gG ELISA kits (DiaSorin, Stillwater, U.S.A.)
were used to measure EBV-specific antibodies, such as
anti-viral capsid antigen (VCA) I1gG, IgM, and anti-EB
nuclear antigen (EBNA) antibody. Specific anti-CMV
IgG antibody was determined by using Enzygnost Anti-
CMV/1gG (Behring Diagnostics GmbH, Deerfield,
U.SA)). Antibodiesto HHV6 and HHV 7 were tested by
an indirect immunofluorescence assay (IFA), as previ-
ously described (17, 21).

Results

Frequency of Viral DNA Detection

We found EBV-DNA in 4 (2.2%) of the 176 sera,
HHV6-DNA in 4 (2.2%), and HHV7-DNA in 2 (1.1%).
No CMV-DNA was detected. All samples were assessed
for antibodies to EBV and CMV. Ninety-six samples
were positive for anti-CMV 1gG antibody, which indi-
cated previous or recent infection by CMV, and 81 sam-
ples were negative, suggesting that these children had not
been infected. A total of 116 samples were positive for
anti-VCA 1gG antibody, indicating that these patients
were previously or recently infected with EBV. EBV-
DNA was detected in 4 of these 116 samples (3.4%), and
al 4 were positive for anti-VCA 1gG antibody. EBV-
DNA was not detected in samples that were negative for
anti-V CA 1gG antibody.

The Characteristics of the Cases in Which Viral DNA
Was Detected
Table 1 shows the clinical and virological character-

Antibody

Viral load

Anti-VCA Anti-EBNA EBV-DNA

No. Age Sex  Symptoms 1gG IgM (Copies/ml) Diagnosis Date of sampling?
1 2yr M fever, cough a a O 3.0x 107 Mycoplasma pneumoniae 6
2 2yr M fever, cough ad a ad 2.6x 10° Viral bronchitis 8
3 2yr M fever, cough d O ad 5.5x 107 Unknown hepatitis 13
4 2yr F CLN swelling 0O d ad 3.3x 10° Primary EBV infection 1
M: male, F: female, CLN: cervical lymph node.

a)

Thefirst day of symptoms was assigned as day 0.
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Table 2. Characteristics of 6 cases positive for HHV6/7-DNA

Vira load Antibody
HHV6-DNA HHV7-DNA Anti-HHV6 Anti-HHV7 Date of

No. Age Sex Symptoms (Copies/ml) (Copies/ml) 1gG IgM 1gG IgM Diagnosis sampling?
5 9mo M fever,rash 1.7x 10° undetected 08 08 [O8 n.d. Exanthem subitum 2

6 2mo F fever 1.0x 10" undetected 08 08 16 n.d. Unknown fever 15

7 5mo M fever 12x 10 undetected 008 [8 08 nd Unknownfever 3

8 2yr M vomiting, diathea  1.2x 10 undetected 64 08 08 nd. Samonelainfection 2

9 11mo M fever,rash undetected 1.1x 10° 08 nd. 08 08 Exanthem subitum 5

10 3yr M fever, cough undetected 2.7x 10° 64 nd. 64 8 Mycoplasmapneumoniae 4

M: male, F: female, n.d.: not done.
d Thefirst day of symptoms was assigned as day 0.

istics of the 4 cases in which EBV-DNA was detected.
The clinical symptomsin cases 1 and 2 did not seem to
be due to EBV. They were diagnosed as mycoplasma
pneumoniae and viral bronchitis, respectively, both of
which are unrelated to EBV. Case 3 had mild liver dys-
function of unknown etiology. The detection of both
anti-VCA 1gG antibody and anti-EBNA antibody indi-
cated that this patient had been infected with EBV pre-
viously, but he also had anti-VCA IgM antibody, sug-
gesting that he might have been experiencing a reacti-
vation of EBV. Any relationship of his infection to
other hepatitis viruses, such as hepatitisA, B, and C, or
to CMV was discounted, because of negative results
with virus-specific antigens or antibodies. Based on
clinical and serological characteristics, case 4 was diag-
nosed as aprimary EBV infection, there were 10 times
more EBV-DNA copies than found in the other 3 cases.

Table 2 shows the clinical and virological character-
istics of the 4 cases with HHV6-DNA and the 2 cases
with HHV7-DNA. Cases’5 and 9 were clinical cases of
exanthem subitum. In cases 6 and 7, fever was the only
clinical finding, and no skin rash was found after the
fever subsided. In each case, neither antibody titers to
HHV 6 nor the patient’s age could be used to rule out the
possibility of primary HHV6 infection. Case 8 wasasal-
monellainfection, and case 10 was a mycoplasma infec-
tion.

Discussion

Using ared-time PCR assay, we detected EBV-DNA
in serum from 4 immunocompetent children. The detec-
tion rate of EBV-DNA was about 3.4% in samples from
EBV-seropositive children. Two previous studies, though
small, detected EBV-DNA in the serum of 7-10% of
healthy adults (5, 12). Our results for immunocompetent
children are in general accord with these previous find-
ings. Of 4 cases with EBV-DNA, one was diagnosed as
aprimary EBV infection, but 2 had no serologica or clin-
ical findings suggestive of active EBV infection. We con-

firmed that the presence of EBV-DNA in their serum was
not due to contamination or technical problems. The
final case (case 3) had mild hepatitis of unknown origin.
Serological examinations indicated that this patient had
been previously infected with EBV, but a positive anti-
VCA IgM antibody suggested that he might be experi-
encing areactivation of EBV. It isunclear whether the
liver dysfunction was associated with EBV in this patient.

It is well known that both HHV6 and HHV7 cause
exanthem subitum. Of 6 casesin which HHV6 or HHV7
was detected, 2 (cases 5 and 9) were clinically diag-
nosed exanthem subitum. Their blood samples may
have been negative for 1gG and IgM antibodies to HHV6
or HHV7 because they were taken during a febrile peri-
od. It has been reported that specific antibodies for
HHV6 and HHV 7 are not detected during febrile periods
and that IgM antibodies appear 3 to 5 days after the
onset of exanthem subitum (10, 16). Cases 6 and 7,
which presented with fever but no rash, might also have
had a primary HHV 6 infection because primary infection
of HHV 6 does not necessarily dlicit arash (13). Case 6
had neither 1gG nor IgM antibodies to HHV6, fifteen
days after the onset of symptoms. Since this case was a
very young infant (2 months), the appearance of virus-
specific antibodies might have been delayed because of
the immaturity of the immune system. The other two
cases (cases 8 and 10) had bacteria infections. The
existence of 1gG antibodies in the acute phase suggests
that they had been infected in the past. It is possible that
a subclinical reactivation of HHV6 or HHV7 had
occurred and that cell-free viral DNA was detected in the
serum of these patients. It has been reported that neither
HHV6 nor HHV7 is detected in the serum of healthy
adults (4, 14).

Aswe have shown in this study, herpesvirus DNA can
be detected in the serum of immunocompetent children,
a low frequency. Although some cases were thought to
have a primary infection, there were othersin whisch we
could find no relationship between clinical manifestations
and the detection of viral DNA. Therefore a careful
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diagnosisis required subsequent to the detection of her-
pesvirus DNA. It isunclear why virus DNA was detect-
ed in the cases without virus-specific symptoms. A
reactivation might occur in tandem with other infec-
tions. In this study, 4 of 10 cases co-occurred with
other infections, such as mycoplasma and salmonella.
Thereisareport that Salmonella typhimurium activates
human immunodeficiency virus type 1 in chronically
infected promonocytic cells by inducing tumor necrosis
factor-alpha production (1). Through such a mecha
nism, bacteria infection might cause the reactivation
of herpesviruses.
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