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Abstract
Primary human herpesvirus 6 (HHV-6)
and 7 (HHV-7) infections were identified
in febrile children by qualitative and
quantitative polymerase chain reaction
(PCR) assays. Diagnosis was based on the
diVerential detection of viral DNA in
peripheral blood mononuclear cells
(PBMC), but not in saliva. Six of 41 febrile
infants, but none of seven non-febrile con-
trols, were identified with primary infec-
tions (three HHV-6, three HHV-7). These
children had significantly higher viral
loads in PBMC (HHV-6, median 24 213
genomes/106 PBMC; HHV-7, median
6 040 000 genomes/106 PBMC) than DNA-
aemic, saliva PCR positive children
(HHV-6,median 1606 genomes/106 PBMC,
p < 0.01; HHV-7, median 7089 genomes/
106 PBMC, p < 0.05). Viral DNA was
detected in serum by PCR in only 50% of
primary infections. All three children with
primary HHV-7 infection had febrile con-
vulsions. Thus PCR, including quantita-
tive assays, may identify primary HHV-6
and HHV-7 infections when an appropri-
ate combination of clinical specimens is
used.
(Arch Dis Child 1997;77:42–45)
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Human herpesvirus 6 (HHV-6) and 7
(HHV-7) are ubiquitous lymphotropic â her-
pesviruses that infect most persons in
childhood.1–3 Primary infection with HHV-6
is associated with febrile illness,4 including
exanthem subitum,5 with convulsive seizures
recognised as a common complication.4 To
date, the clinical features of primary HHV-7
infection are less well defined, although the
virus has also been shown to cause exanthem
subitum.6 Therefore it is important to consider
these two viruses in the diVerential diagnosis of
febrile illness in young children. Laboratory
diagnoses of active HHV-6 and HHV-7 infec-
tions have most commonly used virus isolation
from peripheral blood or documented sero-
conversion/rise in antibody titre.4–8 Drawbacks
to these approaches include the length of time
to reach a laboratory diagnosis. For virus isola-
tion, mitogen stimulated umbilical cord blood
mononuclear cells are required for cocultiva-
tion with the test sample since they are permis-

sive for HHV-6 and HHV-7 infection. A draw-
back to serological diagnosis of infection is the
need to collect both acute and convalescent
serum samples.
Polymerase chain reaction (PCR) provides

an alternative technique to identify viral infec-
tions. Since HHV-6 and HHV-7 persist in the
host following primary infection, PCR meth-
ods which can identify clinically relevant viral
replication are required. The detection of
HHV-6 DNA in serum or plasma by PCR has
been used as a marker for active infection in
blood.9 10 In our study, however, a preliminary
diagnosis of primary infection is based on the
detection by PCR of viral DNA in peripheral
blood mononuclear cells (PBMC), but not
saliva. In children with exanthem subitum, a
delay in the detection of HHV-6 or HHV-7
DNA in saliva by PCR has been reported in
comparison to detection of viral DNA in
blood.11 12 Further, we used quantitative PCR
(QPCR) to determine the actual number of
viral genomes (viral load) in PBMC. Values
obtained by such a measurement are likely to
vary depending on whether they reflect persist-
ence in normal individuals or primary infection
or episodes of reactivation.

Methods
PATIENTS

Children aged from 6 to 36 months presenting
to the accident and emergency and paediatric
departments, Birmingham Heartlands Hospi-
tal, with an acute febrile illness or a febrile con-
vulsion were recruited between July 1995 and
February 1996. The study was approved by
Birmingham Heartlands Hospital ethics
committee and written consent was obtained
for all children through their parents or guard-
ians. Children in the same age range attending
the paediatric outpatient clinic or for routine
surgery, with clinical conditions that were nei-
ther acute, infectious, nor febrile were recruited
as controls. A full history and examination was
undertaken, usually including full blood count
and, where appropriate, blood and urine
cultures and lumbar punctures.

PREPARATION OF CLINICAL SAMPLES

PBMC were obtained from 5 ml EDTA blood
samples by density centrifugation (Histopaque,
Sigma Diagnostics, Poole) and DNA extracted
from 106 PBMC using a QIAamp blood kit
(Qiagen, Dorking). Sera were collected from
clotted blood samples. Saliva was obtained by
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rubbing the gums with a custom made
toothbrush-like swab (Malvern Medical Devel-
opments, Worcester) and subsequent elution
with phosphate buVered saline (200 µl). All
samples were stored at −70°C until use.

ANALYSIS OF CLINICAL SAMPLES BY QUALITATIVE

PCR

The nested PCR assays have been described
previously for both HHV-613 14 and HHV-7.15

For PBMC DNA, 100 ng were tested; for
saliva, 30 µl were overlaid with mineral oil,
steamed for 10 minutes, and PCR reaction
mixture added through the oil layer. The serum
PCR assay was based on the method of Whitby
et al.16 Briefly, serum was added to an equal
volume of water, steamed for 10 minutes, cen-
trifuged at 13 000 g for 10 minutes, and 10 µl
supernatant tested.

ANALYSIS OF CLINICAL SAMPLES BY QPCR

The HHV-6 and HHV-7 quantitative competi-
tive PCR assays have been described
previously.14 15 Both assays have a broad
dynamic range with a threshold of quantifica-
tion estimated at < 10 viral genomes.

SEROLOGY

IgG antibodies to HHV-6 and HHV-7 were
determined by indirect immunofluorescence
assays using HHV-6 variant B infected
MOLT-3 cells and HHV-7 infected SUP-T1
cells, respectively, as antigen. Sera were
screened at a 1:10 dilution.

Results
PATIENT POPULATION AND SAMPLES

Forty eight children were entered into the
study: 29 with febrile convulsions, 12 with
febrile episodes without convulsions (41 cases
in total), and seven controls. The median ages
in the cases and controls were similar at 13
months (range 6 to 36) and 11 months (range
4 to 31), respectively. The cases presented a
mean of 2.05 days following onset of symp-
toms, with a mean temperature of 38.6°C.
Thirteen cases had additional respiratory tract
symptoms, seven had rashes, eight had in-
flamed ear drums, and seven had diarrhoea or
vomiting or both. Serum was available from all
cases and controls. PBMC were not available
from eight cases and saliva from two controls.

PREVALENCES OF HHV-6 AND HHV-7 IN CASES AND

CONTROLS

There was no statistical diVerence in the
prevalence of the two viruses in the cases com-
pared to the controls by either PCR in blood
and saliva or antibody status (Fisher’s exact

test) (table 1). For both HHV-6 and HHV-7,
the median age of the seropositive group was
significantly greater than that of the seronega-
tive group (HHV-6, median age in seropositive
children 14.0 months v 7.0 months in the
seronegative children, p < 0.0001; HHV-7,
15.0 months v 10.0 months, p < 0.001,Mann-
Whitney U test). The saliva and serology
results were used to compare the prevalence of
HHV-6 and HHV-7 in the two age groups, 0 to
12 months (24 children) and 13 to 24 months
(20 children). The prevalence of HHV-6 was
significantly greater than that of HHV-7 in the
younger group, as determined by both saliva (p
= 0.03) and serostatus (p = 0.006), and in the
older group by serology alone (p = 0.01; ÷2 test
for all).

HHV-6 VIRAL LOADS IN PBMC: ASSOCIATION WITH

PRIMARY INFECTION

HHV-6 viral loads were determined in qualita-
tively PCR positive PBMC and the results are
shown in table 2. Two children (one case, one
control) were below the threshold of accurate
quantification (data not shown). Three chil-
dren (Nos 1, 15, and 25) were HHV-6 positive
in blood, but PCR negative in saliva, suggesting
primary HHV-6 infection. The viral loads in
these three children were significantly higher
(median 24 213 genomes/106 PBMC, range
20 816 to 320 839) compared to the other
quantifiable DNA-aemic children (median
1606 genomes/106 PBMC, range 318 to 8756;
p < 0.01, Mann-Whitney U test). HHV-6
DNA was detected in the serum of two of the
three children in the primary infection group
and one child was weakly seropositive. Two of
the three children with primary infection
presented with fever and diarrhoea, whereas
the third presented with a febrile fit and
inflamed ear drum, and with non-bacterial
pyuria. A cerebrospinal fluid sample from this
child was acellular and negative for HHV-6
DNA by PCR. No other pathogens were asso-
ciated as a cause of symptoms in these three
children and their temperatures at presentation
were similar to those of other cases.

HHV-7 VIRAL LOADS IN PBMC: ASSOCIATION WITH

PRIMARY INFECTION

HHV-7 viral loads in children who were quali-
tatively DNA-aemic are shown in table 3.
Three children (Nos 12, 14, and 30) were PCR
positive in blood, but negative in saliva. These
three children with presumed primary HHV-7
infection had significantly increased viral loads
(median 6 040 000 genomes/106 PBMC, range
3 366 000 to 77 700 000) compared to the
other HHV-7 DNA-aemic children (median

Table 1 Prevalence of HHV-6 and HHV-7 in febrile infants and controls

Laboratory assay

HHV-6 HHV-7

Cases Controls p* Cases Controls p*

Qualitative PCR
PBMC 12/33 (36.4%) 2/7 (28.6%) 1.0 6/33 (18.2%) 1/7 (14.3%) 1.0
Saliva 22/41 (53.7%) 2/5 (40.0%) 0.91 14/41 (34.1%) 1/5 (20.0%) 0.94

Seropositivity 29/41 (70.7%) 4/7 (57.1%) 0.76 13/41 (31.7%) 3/7 (42.9%) 0.86

PBMC = peripheral blood mononuclear cells; PCR = polymerase chain reaction.
*Statistical analyses of prevalences in cases compared to controls by Fisher’s exact test.
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7089 genomes/106 PBMC, range 1668 to
17 609; p < 0.05; Mann-Whitney U test). Two
of the children with primary HHV-7 infection
were seronegative, the other was weakly sero-
positive. In addition child No 14 was also
serum PCR positive for HHV-7 DNA.All three
children with HHV-7 infection presented with
febrile fits, two with respiratory tract symp-
toms, and one with conjunctivitis. Cerebro-
spinal fluid samples were not available for
analysis. No other pathogens were identified
from urine or blood cultures, and the tempera-
tures on presentation of these three children
were similar to those of the other cases.

BLOOD CELL COUNTS IN PRIMARY HHV-6 OR
HHV-7 INFECTION
The combined primary HHV-6 and HHV-7
cases (six in total) had significantly lower mean
white cell counts (7.9 v 16.7 × 109/l; p = 0.01;
Student’s t test) and neutrophil counts (4.0 v
10.7 × 109/l; p < 0.05) than non-primary infec-
tion cases. Although there was a trend for lower
total white cell, lymphocyte, and neutrophil
counts in the primary HHV-6 or HHV-7 infec-
tion groups alone compared to the other cases,
these diVerences were not significant (data not
shown).

Discussion
In this report we describe the use of both
qualitative and quantitative PCR to identify
primary HHV-6 and HHV-7 infections in
febrile infants, based on the diVerential detec-
tion of viral DNA in PBMC, but not in saliva.
This diagnostic rationale is based on the
reported temporal delay in the detection of
HHV-6 or HHV-7 in saliva in comparison with
the viraemic/DNA-aemic phase following pri-
mary infection.11 12 On this evidence we identi-

fied primary HHV-6 and HHV-7 infections in
six of 41 febrile infants (three HHV-6, 7.3%;
three HHV-7, 7.3%), but not in seven non-
febrile controls.
Using QPCR, the HHV-6 and HHV-7 viral

loads in PBMC were highest in children who
were saliva PCR negative, most likely reflecting
active replication in blood during the acute
phase of disease and before excretion of virus in
the oral cavity. It remains possible that slightly
increased viral loads, such as found in child No
19 (table 2), which occur in the context of a
PCR positive saliva, represent either reactiva-
tion, reinfection, or a slightly later phase of pri-
mary infection. However, the association of
high viral load in PBMC and a PCR negative
saliva suggests that the analysis of a combina-
tion of blood and saliva collected in the acute
phase of disease could identify children under-
going primary infection.
We detected viral DNA by PCR in serum

from two of the three children with putative
primary HHV-6 infection and one of the three
with HHV-7 infection. Serum or plasma PCR
has been proposed as a suitable method to
detect active HHV-6 replication.9 10 However, a
potential drawback is the apparent delay of
detectable HHV-6 DNA in serum from
children with exanthem subitum.9 A case
report of a child with HHV-7 confirmed exan-
them subitum did not detect viral DNA in
plasma by nested HHV-7 PCR.12 In our study,
50% of the primary infections would have
remained undetected based on serum PCR
alone.
Serological analysis of a single serum or

plasma sample is problematic in the diagnoses
of HHV-6 and HHV-7 infections in young
children at acute presentation. In this study,
one child each with primary HHV-6 or HHV-7
infection was weakly seropositive. Given the
young age of the children investigated, the pos-
sible confounding eVect of maternally derived
antibodies has to be considered. One study
used the presence of low avidity antibody to
HHV-6 in febrile children as a marker for
recent infection.17 However, serum samples
collected within the acute phase of suspected
HHV-6 infection were often seronegative. For
demonstration of seroconversion, the collec-
tion of paired sera from young children is
impractical. These diYculties highlight the
advantages of PCR analysis where only sam-
ples taken in the acute phase of illness are
available.
Seroepidemiological studies have shown that

HHV-6 infection occurs earlier in life com-
pared to HHV-7,1 3 although not consistently
so.2 In our study, HHV-6 seroprevalences were
significantly higher than those of HHV-7 in two
age groups (0 to 12 months, 13 to 24 months).
However, by saliva PCR status, the prevalence
of HHV-6 was significantly greater in the
younger group only. Detection of viral DNA in
saliva represents previous infection. In addition
to the presence of maternal antibodies, the type
of assay/antigen source or potential antigenic
cross reactivity between HHV-6 and HHV-7
could aVect rates of seropositivity.

Table 2 HHV-6 PCR analysis: association with primary infection

Study No
(age in months)

HHV-6 viral load
(genomes/106
PBMC) Saliva PCR Serum PCR Serostatus

Case/control
status

*25 (9) 320 839 − − − Case
*15 (8) 24 213 − + + Case
*1 (7) 20 816 − + − Case
19 (13) 8756 + − + Case
4 (7) 3704 + − + Case
48 (15) 2365 ns† − + Control
7 (14) 2072 + − + Case
35 (14) 1606 + − + Case
27 (10) 1430 + − + Case
28 (15) 1267 + − + Case
30 (21) 453 + − + Case
42 (10) 318 + − + Case

*Primary infections; †ns = no sample.
PBMC = peripheral blood mononuclear cells; PCR = polymerase chain reaction

Table 3 HHV-7 PCR analysis: association with primary infection

Study No
(age in months)

HHV-7 viral load
(genomes/106
PBMC) Saliva PCR Serum PCR Serostatus

Case/control
status

*14 (9) 77 700 000 − + − Case
*30 (21) 6 040 000 − − + Case
*12 (13) 3 366 000 − − − Case
24 (16) 17 609 + − + Case
7 (14) 5825 + − + Case
45 (31) 3254 + − + Control
8 (16) 1668 + − + Case

*Primary infections.
PBMC = peripheral blood mononuclear cells; PCR = polymerase chain reaction.
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In summary, we have identified three infants
with febrile convulsions associated with pri-
mary HHV-7 infection. These findings, taken
together with previous reports of febrile
convulsions and acute hemiplegia in infants
with HHV-7 infection,7 8 highlight the need to
consider HHV-7 as well as HHV-6 in the
diVerential diagnosis of febrile illness in
infants. Definitive laboratory diagnoses of
HHV-7 and particularly HHV-6 infections
have relied previously on virus isolation or
seroconversion. The results of this study
suggest that PCR, including QPCR, can be
used to identify primary HHV-6 and HHV-7
infections with an appropriate combination of
clinical specimens. In order to address the spe-
cificity and sensitivity of PCR diagnosis, larger
numbers of febrile children and controls will
need to be studied. The ability to diagnose
infection by PCR during the acute phase of
disease would facilitate clinical trials of anti-
viral agents with activity against either virus.
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