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Abstract
Aim—To investigate the diagnostic poten-
tial of herpes simplex virus (HSV) DNA in
cerebrospinal fluid and serum; to corre-
late the findings with outcome in the child
and with type of maternal infection.
Methods—Cerebrospinal fluid and serum
specimens from 36 children with verified
neonatal HSV infections, diagnosed be-
tween 1973 and 1996, were examined using
the polymerase chain reaction technique
(PCR).
Results—In 21 children for whom both
cerebrospinal fluid and sera were avail-
able, HSV DNA was found in one or both
specimens in 19 (90%). Overall, HSV DNA
was found in the cerebrospinal fluid of
74% of 27 children, and in the sera of 20 out
of 30 children (67%). In two children HSV
DNA was not demonstrable in either
serum or cerebrospinal fluid. In sequen-
tial specimens from four children, the
persistence of HSV DNA after the end of
intravenous treatment was associated with
a poor prognosis.
Conclusions—These findings indicate that
HSV DNA detection in CSF and serum is
highly sensitive for the diagnosis of neona-
tal HSV infections but does not replace the
detection of virus in other locations using
virus isolation and antigen detection.
(Arch Dis Child Fetal Neonatal Ed 1999;81:F24–F29)
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Early recognition and treatment of neonatal
herpes simplex virus infection are important to
reduce the mortality and incidence of serious
neurological sequelae in surviving children.1

The polymerase chain reaction technique
(PCR), used to detect herpes simplex virus
DNA in cerebrospinal fluid (CSF), has greatly
contributed to rapid non-invasive diagnosis,
particularly of HSV infections in the central
nervous system of both adults and neonates.
However, the diagnostic sensitivity of PCR
analysis seems to be lower in neonatal herpes
encephalitis2 than in adults,3 4 emphasising the
importance of additional diagnostic tools for
the diagnosis of neonatal herpes. In this study,
stored CSF and sera from children with previ-
ously verified diagnoses of neonatal herpes
simplex virus infections were analysed retro-
spectively using highly sensitive nested PCR
techniques for HSV-1/HSV-2 DNA. The
results were correlated with the patients’ clini-
cal data and with the type of maternal
infection.

Methods
CSF and/or sera from 36 children with neona-
tal herpes infection diagnosed during 1973–96,
were stored frozen and analysed for the
presence of herpes simplex virus (HSV) DNA
using the PCR technique. HSV infection was
confirmed, as described before5 by viral antigen
detection (immunofluorescence with HSV
monoclonal antibodies) and/or cultivation of
virus in GMK-AHI-cells; and/or serologically
using enzyme linked immunoabsorbent assay
(ELISA) technique for IgM/IgA/IgG class
antibody response and persistence of herpes
simplex virus antibodies common to the two
types (type common) as well as type 2 specific
glycoprotein G antigen.

The classification of the neonatal disease fol-
lowed the criteria of the US multicentre study2:
disseminated disease with generalised visceral
involvement; central nervous system disease
(CSF characterised by > 50 × 106 leucocytes
and/or 1.2 g/l protein in premature babies and
20 × 106 leucocytes and/or 0.9 g/l protein in full
term babies) and clinical signs of central
nervous system—but no visceral—involvement;
localised skin–eye–mouth disease (SEM) with-
out visceral or central nervous system involve-
ment.

Head ultrasound scan, and/or computed
tomography (CT), and/or magnetic resonance
imaging (MRI) were performed on 27 children
from day 1 and/or later, once or several times,
after initial clinical symptoms and at follow up.
In one child only head ultrasound scanning was
done. A wide range of central nervous system
lesions was detected, such as ventricular
enlargement, cerebral atrophy, cystic encepha-
lomalaci and focal parenchymal lesions, in both
cerebral hemispheres or predominantly in one.
These are defined as abnormal CT/MRI/HUS
in table 1.

Twenty seven children were treated with
intravenous aciclovir (range 4 to 22 days). Nine
children were not treated (table 1).

At follow up, severe mental retardation was
defined as an IQ <50, mild mental retardation
(MMR) as an IQ of 50–70.5

Maternal infections were classified accord-
ing to results obtained by analysis of sera sam-
pled before or during early pregnancy, and
those from onset of disease in their children: no
infection in the mother (child infected from
external source); primary HSV-1 or HSV-2
infection without previous HSV infection with
either type; first time HSV-2 infection in a
woman previously infected with HSV-1; sec-
ondary (previous infection with the same HSV
type—recurrent or re-infection) HSV-1 or
HSV-2 infection.6
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Specimens of CSF (n=63) and sera (n=56)
from 36 children were analysed using HSV-1
and HSV-2 specific PCR. Cerebrospinal fluid
and serum during the acute stage of the disease
were sampled from 21 children; CSF only from
another six children and serum only from a
further nine children. One or more follow up
CSF specimens were available for analysis from
17 children.

Cerebrospinal fluid and serm samples were
analysed using the nested PCR technique for
HSV-1 and HSV-2 specific DNA with primers
in the gD and gG2 gene, as described before,3

with minor modifications.7 The sensitivity of
the test ensures the regular detection of 10–15
copies per 10 µl. Uncentrifuged cerebrospinal
fluid was frozen and thawed at least once and
heated for 10 minutes at 95°C before the PCR
mix was added; 10 µl were analysed in
duplicate. Serum samples of 50 µl were
extracted using the glycogen–guanidium
method, according to Casas et al.8 Concordant
results in duplicate analysis were taken as final.
Equivocal results were verified by repeat analy-
sis and positive results were confirmed in all
cases. To increase the sensitivity of HSV DNA
analysis, >50 µl CSF was extracted according
to the same procedure, the prepared DNA was
suspended in 25 µl and reanalysed, as de-
scribed before. However, retesting of two

initially HSV DNA negative specimens from
early stage disease still yielded negative results.
Cerebrospinal fluid or serum inhibiting activity
was tested by spiking a duplicate sample with
around 50 HSV DNA copies before analysis.
The type of HSV DNA coincided in all cases
with the type of HSV isolated and/or the results
of type specific serodiagnosis.

Results
Seven children had HSV-1 and 29 HSV-2
infection. Neonatal disease was classified as
disseminated in six children, SEM in one, and
central nervous system form in 29. One child
with disseminated infection had congenital
infection, and was born at 29 weeks of
gestational age with vesicles all over the body at
birth. Frontal lesions were detectable in the
brain on ultrasound scan two days later. The
incubation time in the other 35 children ranged
from two to 44 days. Fourteen women had pri-
mary transmissible HSV infections. Eight had
had no previous infection with either herpes
virus type: three women had primary HSV-1,
five HSV-2, six primary HSV-2 but with a pre-
vious HSV-1. Twenty women had secondary
infection—they had been infected with the
same type of HSV and may have had a
recurrence or re-infection. Two of the 36 chil-
dren had contracted their HSV-1 infection

Table 1 Virological, clinical, and neuroradiological data in 36 children with neonatal HSV infections

Case No Neonatal disease

HSV-DNA

Aciclovir/no treatment CT/MRI/HUS

Follow up
neurodevelopmental
outcome/yearsCSF S

Maternal primary HSV-1 infection, no previous HSV infection with either type
1 DISS* ND +(5) None ND Normal+ keratitis/14y*
2 CNS* ND +(7) None ND Normal/14y
3 CNS* ND +(4) Aciclovir ND Normal/1y
Maternal secondary HSV-1 infection (previous infection with HSV-1)
4 CNS* − +(4) Aciclovir Normal Normal/ 7y*
5 DISS* ND +(4) None ND MMR/14y*
External source HSV-1 infection (no maternal infection)
6 DISS + +(10) Aciclovir Normal Normal/1y
7 CNS* + +(1) Aciclovir Abnormal Normal/1y
Maternal primary HSV-2 infection, no previousHSV infection with either type
8 CNS ND −(6) None ND CP/18y*
9 DISS ND +(2) None ND Dead/1w
10 DISS − ND None ND Dead/1w
11 CNS + +(1) Aciclovir Abnormal Dead/4y
12 DISS,cong* − ND Aciclovir Abnormal CP+SMR/2y*
Maternal primary HSV-2, previous HSV-1 infection
13 CNS ND −(5) None ND CP+SMR/8y
14 CNS* ND −(3) None Abnormal CP+SMR/14y*
15 CNS* − −(6) Aciclovir ND Normal/7y*
16 CNS* − −(4) Aciclovir Abnormal CP+SMR/11y*
17 CNS* + ND Aciclovir Abnormal CP+SMR/4y*
18 CNS + −(2) Aciclovir Abnormal CP/2y*
Maternal secondary HSV-2 infection, (previous infection with HSV-2)
19 CNS* ND −(9) None Abnormal CP/18y*
20 CNS − +(4) Aciclovir Abnormal CP+MMR/14y*
21 CNS* + +(2) Aciclovir Abnormal CP+SMR/12y*
22 CNS + −(3) Aciclovir Abnormal normal/10y*
23 CNS* + +(3) Aciclovir Abnormal CP/6y*
24 CNS* − +(4) Aciclovir Abnormal Normal+ keratitis/7y
25 CNS* + +(6) Aciclovir Abnormal Normal/1y*
26 CNS + +(4) Aciclovir Abnormal Normal /3.5y
27 CNS + +(5) Aciclovir Abnormal CP+SMR/6y*
28 CNS + +(7) Aciclovir Abnormal Normal/1.5y
29 CNS + ND Aciclovir Abnormal CP+/4y*
30 CNS + +(6) Aciclovir Abnormal CP+SMR/10y
31 CNS + −(3) Aciclovir Abnormal CP+SMR/8y*
32 CNS + −(20) Aciclovir Abnormal CP+SMR/10y*
33 CNS + +(3) Aciclovir Abnormal CP+SMR/7y
34 CNS* + +(1) Aciclovir Abnormal dead/2.5y
35 SEM* + ND Aciclovir Normal Normal+ keratitis/3y
36 CNS + ND Aciclovir Abnormal CP/1.5y

S = serum; CSF = cerebrospinal fluid; †figures in parentheses represent sampling day after onset of disease ND = no
specimens/not done; CP = cerebral palsy; SMR/MMR = severe/mild mental retardation; Cong = congenital; Normal = No
neurodevelopmental abnormality; CT/ MRI/HUS = computed tomography/ magnetic resonance imaging /head ultrasound; * =
neonatal and/or subsequent recurrent vesicles.
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from an external source: the mothers were
seronegative for HSV-1 and HSV-2 and
remained so at follow up (table 1).

Six of the seven children with HSV-1
infections were normally developed at follow
up (age range 1 to 14 years), although one had
recurrent keratitis. The seventh child had mild

mental retardation (IQ < 70). Four children
with HSV-2 infections died between the ages of
1 week and 4 years. Eighteen children (age
range and 1.5–18 years) were neurologically
impaired: 11 had spastic tetraplegia and severe
mental retardation, one had a spastic diplegia,
and six had spastic hemiplegia, of whom one
was also mildly mentally retarded. Seven
children were normally developed at follow up
(range 1–8 years); two of them had recurrent
keratitis (table 1). Twenty children had regular
reactivation of vesicles in skin; some of them
had not had neonatal vesicular disease.

Virological diagnosis was confirmed in all
children by isolation of virus, or by serological
investigations, or both. At ages 1 to 15 years all
children had persistent HSV specific antibod-
ies, regardless of whether antiviral treatment
was given during the acute phase of the disease.
Antibodies specific for HSV-2 were not de-
monstrable in any child with neonatal herpes-
virus type 1 infection, but in all type 2 infected
children. However, the antibody response may
be suppressed during long term oral aciclovir
treatment as seen in case 29 (table 1). This
child had clinical symptoms of encephalitis at
17 days of age and pleocytosis in the cerebros-
pinal fluid. HSV-2 DNA was demonstrable in
cerebrospinal fluid the first day of symptoms,
HSV-2 virus was isolated from the nasophar-
ynx. Prominent lesions were subsequently seen
on computed tomography and MRI and the
boy has severe neurological impairment. He
had been treated with intravenous aciclovir for
three weeks and long term oral suppression was
given for 2 years. His HSV antibody response
(type common and type 2 specific) was not
demonstrable until 4 years of age, when he had
recurrent vesicles on his arm, from which
HSV-2 was isolated.

POSITIVE PCR FINDINGS

Nineteen of 21 (90%) children (20 central
nervous system form and one disseminated)
with both acute stage CSF and serum available
for analysis, had a positive PCR in one or both
specimens. In the CSF available from 27
children in the acute stage of the disease, HSV
DNA was demonstrable in 20 (74%). Virus
isolation had been successful only in nine of 27
(33%) of such cases. If sera alone were
analysed, HSV DNA was demonstrable in 20
of 30 available specimens (67%).

NEGATIVE PCR FINDINGS

In children with central nervous system disease
HSV-DNA was demonstrable in acute stage
cerebrospinal fluid in 18 of 23 (78%) (table 1).

Acute stage cerebrospinal fluid from two
children with HSV-2 encephalitis, one with,
and the other without, long term central nerv-
ous system sequelae, but with recurrent kerati-
tis, were negative (cases 20 and 24) (table 1),
but re-analyses were not possible. They re-
ceived their aciclovir treatment the day cer-
ebrospinal fluid specimens had been collected,
five and four days after first symptoms, respec-
tively. In two other children (cases 15 and 16),
the amount of acute phase cerebrospinal fluid
was suYcient for re-analyses, and HSV DNA

Figure 1 HSV DNA in CSF in relation to days after onset of neurological disease in
SEM and disseminated cases after onset of symptoms. Black, striped, or shaded pattern
denotes positive HSV DNA. Acute and follow up specimens are included.
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Figure 2 HSV DNA in serum in relation to days after onset of neurological disease in
SEM and disseminated cases after onset of symptoms. Black, striped, or shaded pattern
denotes positive HSV DNA. Acute and follow up specimens are included.
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remained negative in repeat analyses using
PCR with increased sensitivity, and no inhibi-
tory activity to the PCR was observed. Sera
from these two children were also negative by
PCR. In these cases both cerebrospinal fluid
and sera were collected at days 6 and 5, respec-
tively, after onset of symptoms in the infants.
Case 15, born at term, had neonatal meningitis
and received her aciclovir treatment the day
cerebrospinal fluid was collected. She had skin
vesicles and 43 × 106 leucocytes in cerebrospi-
nal fluid, but no convulsions and a normal
EEG (head ultrasound scan and computed
tomography were not performed). The diagno-
sis was obtained by virus isolation of HSV-2,
although not from the cerebrospinal fluid, and
was later confirmed serologically. She was nor-
mally developed at 7 years of age, but still had
recurrent vesicles. Case 16, who received intra-
venous aciclovir treatment two days after CSF
had been collected, had neonatal encephalitis
with vesicles, convulsions, 216 × 106 leucocytes
in cerebrospinal fluid, abnormal EEG, and
prominent lesions on computed tomography
scan. She developed severe neurological im-
pairment with microcephaly, mental retarda-
tion, spastic tetraplegia and had recurrent vesi-
cles at follow up when 11 years old. The fifth
child (case 4) with negative PCR in cerebrospi-
nal fluid had neonatal meningitis as a result of
HSV-1 infection, and was healthy at follow up
when 7 years old, but had recurrent vesicles.
She received her antiviral treatment the same
day as cerebrospinal fluid was collected, five
days after initial symptoms. Case 10, with a
rapidly fatal disseminated disease, born to a
primary infected mother, had a negative PCR
in cerebrospinal fluid the first day of the
disease. A second specimen could not be
obtained. The boy with congenital disease

(case 12) had a negative PCR in cerebrospinal
fluid, collected 13 days after birth and nine
days after treatment had begun.

Figures 1 and 2 illustrate the relation
between HSV DNA findings and day of collec-
tion of specimens in relation to onset of symp-
toms (neurological symptoms in central nerv-
ous system disease cases). The correlation
between outcome in the children and the
results of the HSV DNA analyses in available
acute cerebrospinal fluid specimens is given in
table 1. HSV DNA was demonstrable in
cerebrospinal fluid in seven children, who were
normal at follow up, whereas in two children
(cases 16 and 20) with serious central nervous
system damage the PCR analysis of acute
phase CSF produced negative results.

Among six children whose mothers had
primary infections with no previous HSV infec-
tions (three had HSV-1 and three had HSV-2
infections) viral DNA could be demonstrated in
acute serum from five. Viraemia was also found
in two children infected with HSV-1 from an
external source. There was no viraemia, how-
ever, in any of the five tested children of mothers
with previous HSV-1 infection and primary
HSV-2 infection. On the other hand, 13 of 17
children born to mothers with secondary infec-
tion, two HSV-1 and 15 HSV-2, had demonstra-
ble viraemia measured as viral DNA.

In 17 children sequential CSF (two up to
nine samples) after initiation of intravenous
aciclovir for 4–21 days (mean 16 days), were
analysed using PCR. Cerebrospinal fluid sam-
ples beyond one week were positive in four
severely impaired children (figs 1 and 3). In
one child (case 11) with severe brain damage,
leading to death at 4 years of age, HSV DNA
was found during treatment and six days after
a 10 day course of intravenous aciclovir, but
not at the age of 4 months. However, serum
was positive in all specimens even at 4 months
(fig 3). The mother had primary type 2
infection two months before the birth of the
child. In a second severely damaged child (case
30) cerebrospinal fluid was positive 7 and 14
days after onset of disease, but was negative at
the age of 7 months. She was treated with
intravenous aciclovir for 21 days, starting five
days after onset of initial symptoms. The only
serum available, drawn on day 7, contained
HSV DNA (fig 3). In a third severely impaired
child (case 31), the PCR was positive in all but
one of many specimens (from ventricular
drainage) during a 21 course of intravenous
aciclovir (started two days after initial symp-
toms) as well as in the last available cerebrospi-
nal fluid specimen drawn 24 days after the end
of treatment. Viraemia was not found at any
stage in this child (fig 3). A fourth child (case
33), severely impaired, had positive cerebrospi-
nal fluid and serum three and 14 days after
start of treatment for 16 days (fig 3). Cases 30,
31, and 33 were infected by a secondary infec-
tion in the mother. None of these children
received long term oral aciclovir.

Discussion
The outcome for children with neonatal herpes
virus infection depends on early treatment.1

Figure 3 HSV DNA findings in CSF and serum from four patients with persistent HSV
DNA in CSF for 14 days or longer after onset of neurological symptoms. Timing and
duration of aciclovir treatment (10 mg intravenously three times a day) is indicated by
arrows. Positive HSV DNA finding is marked in black (CSF) or shaded (serum).
Specimens with no demonstrable HSV DNA are indicated by open squares.
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Accurate and rapid aetiological diagnosis is
required for adequate handling and evaluation
of therapeutic strategies. Before the introduc-
tion of PCR the diagnosis of neonatal herpes
simplex virus infections was based on virus iso-
lation from peripheral lesions or brain9 and
serological methods, together with the demon-
stration of characteristic or suggestive EEG
changes5 10 11 and neuroradiological lesions in
clinically suspected cases.12 13 However, EEG
lesions do not develop until a few days after
first symptoms of central nervous system
involvement.5 10 11 The same is true for lesions
visible on computed tomography.12 Lesions on
MRI are seen earlier, but only after 1–3 days.13

Immediate virological diagnosis is often dif-
ficult. Diagnosis in children with apparent
vesicles usually poses few problems; antigen
detection in cell scrapings using immunofluo-
rescence techniques allows a diagnosis to be
made within a few hours or, using virus
isolation, within a few days. In neonates with
no visible vesicles—nearly half of the children
with neonatal herpes encephalitis—the diagno-
sis has often been based on virus isolation or
even serological investigation, confirming the
diagnosis first in the late stages of the disease or
retrospectively.6

The PCR technique for demonstration of
viral DNA in CSF means that a diagnosis can
be made within a day in clinically suspected
neonatal herpes in cases both with and without
vesicles. Demonstration of HSV DNA in CSF
by PCR tests of high sensitivity (nested PCR) is
now the most important and sensitive method
for rapid non-invasive diagnosis of herpes sim-
plex virus encephalitis. In adults the diagnostic
sensitivity of the PCR procedure used in these
studies is very high > 95%.3 In neonatal herpes
encephalitis the sensitivity of demonstration of
HSV DNA in cerebrospinal fluid has varied
between 71 and 100% in diVerent studies.2 14−16

Our study extends and confirms the results
of the largest US study,2 in which HSV DNA
was found in only 76% of children with neona-
tal central nervous system disease, compared
with 78% in our study. Thus HSV DNA could
not be demonstrated in all CSF samples from
early phase disease with central nervous system
involvement (table 1 and fig 1).

However, in this study just as in the US
study, the specimens were retrospectively
probed for HSV DNA, even if prospectively
collected over more than a decade. Possible
explanations for negative CSF and/or serum by
PCR could be insuYcient viral load, localised
encephalitis without spread to the meninges, or
inadequate sampling time during the very early
or late stages of the disease. Technical explana-
tions like degradation of DNA during freeze–
thawing or prolonged storage of cerebrospinal
fluid and sera, cannot be ruled out, although
the very high sensitivity in corresponding
retrospective probing of specimens from adults
with herpes encephalitis does not make this a
likely explanation.3 4

In the US study a positive CSF was evident
in nearly all patients (93%) with disseminated
disease.2 This may reflect diVerent ways in
which the virus spreads: in localised central

nervous system disease the propagation of virus
via neuronal transport to the brain may result
in a localised infection before involvement of
the meninges. In disseminated disease virus
may have earlier access to CSF during a virae-
mic phase.6 9 However, in the few patients with
disseminated disease included in our material,
only one in three was positive.

Our material diVers from the US material in
the proportion of the diVerent forms of neona-
tal diseases. Only one child out of 36 with
localised skin–eye–mouth disease was included
in our study compared with 42% in the US
study,2 and in our study children with central
nervous system diseases predominate. How-
ever, diVerences in classification despite the use
of the same criteria cannot account for
diVerences in the two studies. Rather, it is more
likely that children with only localised vesicles
in skin–eye–mouth disease were not clinically
identified as having suspected herpes infection
and thus escaped sampling and correct diagno-
sis. Only cases which subsequently progressed
to central nervous system disease have been
identified. Thus our Swedish data do not allow
for any elucidation of the prognostic value of
the finding of HSV DNA in cerebrospinal fluid
in localised SEM disease.

Classification of the cases into central
nervous system, disseminated, and SEM dis-
ease is not ideal, as far as we are concerned.
This is shown by the fact that in the US study
nearly 30% with SEM disease had positive cer-
ebrospinal fluid by PCR, and thus involvement
of the CSF.2 Furthermore, HSV-1 and HSV-2
infections behave diVerently even if the central
nervous system is involved, as children with
HSV-1 infections tend to have a milder,
meningitis-like course compared with HSV-2
infections where there is a more serious clinical
picture of encephalitis and convulsions.

The results of our study emphasise the
importance of analysing both serum and CSF
to both HSV-1 and HSV-2 DNA, to increase
diagnostic sensitivity (table 1). These results
agree with what has been published before,
limited though the number of studies might
be.14 It is also important to keep in mind that
although these new tools are of great value, a
negative HSV DNA cerebrospinal fluid or
serum, or both, by PCR does not exclude the
diagnosis of neonatal herpes. A strong suspicion
of neonatal herpes requires maximal eVorts to
obtain diagnosis, including the collection of
supplementary samples for recovery of virus
from the eye, nasopharynx, and urine, repeat
cerebrospinal fluid samples for HSV DNA
analysis, serological investigation of the child
and his/her mother, in addition to EEG and
neuroradiological investigations.

The use of HSV DNA detection in samples
other than CSF or serum—such as from throat,
nasopharynx and conjunctiva—is currently
under investigation. Our retrospective study
did not include this approach. A new intriguing
idea to early demonstration of herpes DNA in
children with suspected neonatal herpes may
be the use of blood spots collected in Guthrie
cards for phenyl ketonuria screening.17

F28 Malm, Forsgren
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HSV DNA in serum was shown in children
born to mothers with not only primary but also
secondary infections, although the rate in the
secondary was not quite as high as in the
primary infections. It is clear that viraemia
occurs in spite of passively transferred maternal
antibody. Viraemia was also found in the two
children with generalised disease caused by
HSV-1 from an external source. Against this
background is the contrasting finding in
children born to mothers with primary HSV-2
infection but with previous HSV-1 infections,
for which there is no obvious explanation.

The demonstration of HSV DNA in cerebro-
spinal fluid in our study was not predictive of
subsequent central nervous system damage
(table 1). However, persistence of HSV DNA
in CSF after one week of neurological disease
during or after completion of intravenous anti-
viral treatment was seen in four children with a
very poor outcome (fig 1). In one of the
children (infected from a mother with primary
herpes type 2 infection some months before
birth), serum HSV DNA also persisted during
and after treatment (fig 2). Similar observa-
tions have been made in other studies.2 14

It seems possible that such long persistence
of HSV DNA is a signal of a lack of host con-
trol over the infection in spite of drug
treatment. However, further evaluation is
required to assess whether monitoring of the
HSV DNA titre in an individual case is a use-
ful marker for evaluating therapeutic eVect15;
this is currently being done to assess the
eYcacy of antiviral drug treatment of HIV and
hepatitis B and C. In adults the initial cerebro-
spinal fluid titre of HSV DNA has not been
found to be of prognostic value,18 whereas
quantitative data from the US Collaborative
Study19 have recently suggested that the initial
CSF titre of HSV DNA may in fact be
prognostic: HSV DNA concentrations of
greater than 100 copies/µl seem to correlate
with both reduced level of consciousness at
presentation and with likelihood of future
neurological impairment. Information on ne-
onates is as yet scanty.15 Persistence or
reappearance of HSV DNA may also reflect
reactivation of virus in the central nervous
system20 21 and demonstration and interpret-
ation of HSV DNA in CSF in children with
regularly reactivating skin lesion and central
nervous system damage,5 requires further
investigation.

In conclusion, the presence of HSV DNA in
CSF and serum has increased the possibility of
a rapid diagnosis and treatment of neonatal
herpes virus central nervous system infections.
The analysis of both specimens seems to
enhance the diagnostic sensitivity. However, as
the diagnosis in each child is of great
importance for the treatment and future thera-
peutic possibilities it is important to keep in

mind that for optimal diagnosis HSV DNA
analysis in cerebrospinal fluid and serum does
not replace the use of other diagnostic tools in
a variety of specimens from throat, nasophar-
ynx, eyes and urine when neonatal herpes is
suspected.
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