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Diagnostic value of cerebrospinal fluid antibodies in
herpes simplex virus encephalitis
MARJA-LEENA KOSKINIEMI, ANTTI VAHERI

From the Departments of Neurology and Virology, University of Helsinki, Helsinki, Finland

SUMMARY Antibodies to different viruses and bacteria were measured in the cerebrospinal fluid
(CSF) of six patients with herpes simplex virus encephalitis proven by brain biopsy and in
five others with a presumptive diagnosis. Antibodies to herpes simplex virus but not to other
organisms appeared in the CSF of all patients after the first weeks of the illness. Herpes simplex
virus antibodies were not found in control CSF. The antibodies persisted in the CSF and the serum/
CSF antibody ratio remained altered, 32:1 to < 1:1, in all cases during the follow-up to 29 months

or until death. The CSF albumin level was normal and the IgG index (CSF gG x serum albumin

\serum IgG x CSF albumin!
elevated in four proven and three presumptive cases indicating a local antibody production; in
four patients the findings were inconsistent. These results suggest that prolonged antigen stimulation
is present in the central nervous system after acute herpes simplex encephalitis and that serological
measurements combined with immunoglobulin and albumin determinations may provide a tentative
but not definite diagnosis in some cases after the acute phase of encephalitis together with a method
for follow-up of patients.

The diagnosis in herpes simplex encephalitis is
important in view of the promising results obtained
with vidarabine.1 Herpes simplex virus isolation
from brain biopsy is the only reliable diagnostic
means.2 However, a negative brain biopsy finding
does not exclude herpes simplex virus encephali-
tis.3 4 It has been suggested that antibodies to herpes
simplex virus in the cerebrospinal fluid and, in
particular, an altered serum/CSF antibody ratio are
diagnostic.5 We have studied the CSF antibody
levels of six proven and five presumptive herpes
simplex encephalitis patients. Complement fixing
antibodies to the herpes simplex virus appeared in
the CSF of all patients but not in the CSF of
controls; they remained during the follow-up of
2 to 29 months or until death, and the serum/CSF
antibody ratio remained altered.

Patients and methods

In six patients the diagnosis of herpes simplex encepha-
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litis was considered proven and was based on isolation of
the virus in brain biopsy or demonstration of viral
antigen in brain biopsy in association with characteristic
histopathology (table 1). In five additional patients the
diagnosis was presumptive and based on clinical features,
characteristic neurophysiological and neuroradio-
logical findings, and exclusion of other diseases. All
patients showed focal unilateral or bilateral temporal
lesions as judged by electroencephalography, computed
tomography (not done in case 1), or carotid arterio-
graphy (not done in cases 4-6). Adenine arabinoside
(vidarabine, Vira-A), 10-15 mg/kg weight/day was
administered as an intravenous infusion to nine patients
(1 to 9); in two of them (2 and 7) the 10-day therapy
was repeated. Interferon 3 million units twice daily was
administered to three patients (5, 6, and 11) for two to
four weeks. All patients received dexamethasone intra-
muscularly in decreasing doses for 10 days.
The control group consisted of 39 adult patients with

miscellaneous neurological symptoms (headache, vertigo,
paraesthesia) and of five patients with diagnostic brain
biopsy (Mycoplasma pneumoniae encephalitis, mening-
ococcal meningoencephalitis, influenza A encephalitis,
intracerebral abscess, encephalitis of unidentified
aetiology).
Serum and CSF antibodies were measured by the

complement fixation (CF) test using antigens specific to
adeno-, corona-, Coxsackie B5, cytomegalo-, hepatitis B,
herpes simplex, influenza A, influenza B, measles, mumps,
parainfluenza type 1, parainfluenza type 3, polio
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Table 1 Clinical data and brain biopsy findings in patients. Patients 1 and 6 are considered proven and 7 to 11
presumptive cases of herpes simplex virus encephalitis

Patient Age/sex (yr) Brain biopsy Outcome

Days after onset of symptoms* Positive findings (Follow-up period)

I 51/M 7 HSV isolation Died
(71 days)

2 68/F 7 HSV isolation Died
HSV antigen (18 months)

3 26/F 7 HSV antigen Gait disorder
Intranuclear inclusions Severe mental defect

(28 months)
4 68/F 7 HSV isolation Died

HSV antigen (30 days)
Intranuclear inclusions

5 38/F 10 HSV isolation Moderate mental defect
HSV antigen (2 months)

6 55/M 15 HSV antigen Died
Necrosis, gliosis (42 days)

7 53/F 59 Necrosis Mildly incapacitated
Inflammation (29 months)

8 49/M Not done Severe mental defect
(21 months)

9 30/M Not done Mildly incapacitated
(6 months)

10 77/F 23 Necrosis Died
Inflammation (72 days)

11 43/F Not done Severe mental defect
(13 months)

*Referring to brain involvement.

respiratory syncytial, rota and varicella viruses, and to
Chlamydia, Mycoplasma pneumoiae and Toxoplasma
gondii. Herpes simplex antigen was prepared from
African green monkey kidney cell cultures (Vero) infected
with herpes simplex virus type 1, a locally isolated
strain. Measles, parainfluenza type 1 and respiratory
syncytial virus CF antigens were also prepared in Vero
cell cultures and thus served as virus-infected control
antigens. In addition, if a specimen gave positive reaction
to many antigens, specifically prepared control antigens
from uninfected cell cultures were always included in
the test series.
To evaluate the function of the blood-brain barrier

and the local antibody production within the central
nervous system, serum and CSF albumin and immuno-
globulin levels were measured by automated fluoro-
nephelometry (Technicon Autoanalyzer) and the IgG
index was calculated using the formula

(CSF IgG x serum albumin\ 6

\serum IgG x CSF albumin'
In addition, routine bacteriological cultures, virus
isolations, immunofluorescence test for detection of
cellular herpes simplex antigen and cytological exam-
inations were performed from the CSF. All these latter
studies gave negative results with respect to specific
diagnosis.

Results

Herpes simplex antibodies were detected in the CSF
in one patient 8 days and in two patients 11-12 days
after the onset of symptoms (table 2). After the

first month of illnes herpes simplex antibodies in the
CSF were present in all survivors with either proven
or presumptive herpes simplex encephalitis. One
patient (5) had a titre (all titres are given as reciprocal
values) of 8 to varicella zoster in the CSF 47
days after the onset of herpes simplex encephalitis,
concurrently the titre to herpes simplex virus was 32
and one (7) a titre of 2 to varicella zoster on day 72.
No other positive titres of antibodies to other
organisms were found in the CSF; serum titres
ranged up to 64. A > four-fold increase in herpes
simplex virus titres in the CSF was seen in five and
decrease in two of the patients. Herpes simplex
antibodies in the CSF persisted during the follow-up
in all patients and exceeded serum levels in one of
them. Serum/CSF herpes simplex antibody ratio
ranged from 32:1 to <1:1. The ratio remained
altered during the follow-up period.
The CSF albumin level in five patients (2, 4, 6, 8, 9)

appeared normal (reference value 82-290 mg/l), in
four (1, 3, 5, 11) a normalisation occurred at least
transiently, and in two (7, 10) the level remained
above the normal range (table 2).
The IgG index in the CSF ranged from 0-51 to

3-38 (reference value 0-34-0-58). In one proven case
(4), though within the normal range, the index
approached the upper limit.

In the controls, one brain biopsied patient showed
a titre of 2 to influenza A in the CSF; simultaneous
serum level was 256. No further complement fixing
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/CSF IgG x serum albumin
Table 2 Cerebrospinal fluid herpes simplex antibodies, albumin, and IgG index

serum IgG x CSF albumin
and ratio ofserum/CSF antibodies

Patient Days after onset of symyptoms* HS V antibody titre Albumin IgG index Serum/CSF antibody ratio
(ref < 2) (ref 82-290 mg/l) (ref 0 34-0 58) (ref 200-300)

1 8 2 - - 16
12 32 661 0-78 -
32 32 157 - 8t

2 8 <4 >4
15 8 - - 4
25 16 181 - 4

228 16 258 3-38 8
248 1 6 227 1*34 4
507 16 139 1-33 16

3 42 16 1510 0-56 16
56 16 - - 16

254 2 460 051 16
826 2 186 0-64 8

4 7 <2 - - >8
12 < 2 222 0-56 -
17 4 204 - 8t

5 11 2 - - -
14 4 1535 0-78 -
31 16 228 2-14 16
73 32 411 - -

6 12 4 - - 16
19 4 190 2-92 32

7 42 128 3019 2-56 1
72 8 616 - 8

221 8 566 1-01 -
302 16 472 0-71 2
327 8 420 0-79 8
483 8 469 0-65 16
855 4 363 0-59 8

8 39 8 200 1-59 <1
451 8 186 1-41 < 1
646 4 193 1-39 4

9 9 <2 - - >4
1 7 - 195 129 -
24 8 145 1-63 -
142 4 225 1-28 16

10 21 2 925 0-75 32
35 2 866 - -

1 1 4 < 2 920 - -
17 8 - -§

401 8 63 2-21 8

*Referring to brain involvement. tSerum level 256 from day 29. Serum level 32 from day 21.

antibodies were detected in the CSF of the 44
control patients. Serum titres ranged up to 256. The
albumin levels in the CSF ranged from 90 to 249
mg/l and the IgG index from 0-27 to 0-60.

Discussion

Antibodies to herpes simplex virus appeared in the
cerebrospinal fluid of all six patients with brain
biopsy proven herpes simplex encephalitis while
they were not detected in the CSF of the five control
patients with diagnostic brain biopsy, or in any of
the further 39 control patients. During the course
of the disease, a < four-fold rise in antibody titre
was shown in three patients with proven herpes sim-
plex encephalitis. In one, an eight-fold decrease in
titre occurred. In five patients with presumptive
herpes simplex encephalitis, two of whom were

brain biopsied but only histopathological con-
firmation of herpes simplex encephalitis was

obtained, the CSF antibody titres were similar to
those in the proven cases. The specificity of
determination appeared high because only two
patients showed antibodies to other viruses in the
CSF; antibodies to varicella zoster appeared in
patients 5 and 7. This may be due to cross-reactivity
between the different herpes viruses. These findings
suggest that measurement of CSF herpes simplex
antibody level with the complement fixation test may
be of interest when brain biopsy is performed later
(in the present cases 7 and 10, 59 and 23 days after
the onset of the disease) and virus is not recovered.
In early diagnosis, which in herpes simplex encepha-
litis is of great importance and can be obtained by
brain biopsy only, determination of CSF comple-
ment fixation antibodies is of little value. In the

§Serum level < 8.
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present series, five CSF specimens were available
from days 4 to 9 after the onset of symptoms and
only one of them (from day 8) showed herpes
simplex antibodies with the complement fixation
test. However, it should be emphasised that
herpes simplex antibody determination alone is of
limited value.
The serum/CSF ratio was altered, from 32:1 to

<1:1, in all herpes simplex encephalitis patients,
and it remained abnormal during the follow-up
period up to 29 months. However, a defect in the
blood-brain barrier may cause increased antibody
leakage into CSF spaces as is reported to occur in
bacterial meningitis,7 and alter the serum/CSF
antibody ratio. The appearance of herpes simplex,
but not other antibodies, in the CSF contradicts the
idea of antibody leakage. In the present study the
serum antibody levels to other organisms were all
relatively low ( < 64); thus the serum/CSF ratios for
these antibodies may not be adequately calculated.
CSF albumin is a sensitive indicator of the function

of the blood-brain barrier. In the present series a

large variation of albumin levels appeared in
herpes simplex encephalitis cases. In case 7 a huge
albumin leakage was observed at the same time that
IgG index was highly abnormal. A normal albumin
concentration, transiently at least, was found in all
proven and in three presumptive herpes simplex
encephalitis patients at the time when herpes
simplex antibodies were detected in the CSF. The
possibility of central production of herpes simplex
antibodies is thus strengthened. The kinetics of the
CSF titres to herpes simplex virus also suggests
local antibody production. Further support was

obtained, when the IgG index, which is shown to
measure immunoglobulin production in the central
nervous system,6 was determined. Four proven and
three presumptive herpes simplex encephalitis
patients in the present series (2, 3, 5, 6, 8, 9, 11)
showed elevated IgG indices and normal albumin
levels in the CSF. Thus the central origin of CSF
IgG seems apparent. How large a portion of this
IgG is specific for herpes simplex virus related anti-
gens is not known. That IgG molecules with other
specificities are produced seems likely. In our proven
herpes simplex encephalitis case 6, for instance, the
herpes simplex antibody titre in the CSF was only 4
but the IgG index was indicative of massive central
immunoglobulin production.

Koskiniemi, Vaheri

The persistence of herpes simplex antibodies in
the CSF of all cases was conspicuous. The persisting
or even increasing antibody level in the CSF suggests
a continuous antigenic stimulation in central nervous
system. Thus herpes simplex encephalitis may have
a chronic course, which is suggested by clinical
findings, too.8

Simultaneous determination of serum and CSF
herpes simplex antibodies may provide suggestive
diagnostic evidence in herpes simplex encephalitis
but more information is obtained by simultaneous
measurements of antibody and albumin levels and
of the IgG index in the CSF. It is difficult to assess
the definitive diagnostic value of herpes simplex
antibody determinations, however, with the limited
information currently available about the specifici-
ties of the immunoglobulins centrally produced in
herpes simplex encephalitis.
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