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DNA EXTRACTION

Reagents required

The genomic DNA was extracted by using a ZR Viral DNA kit (Zymo 

Research, CA, USA), according to the manufacturer’s protocol.

Procedure

In each 1.5 ml microcentrifuge tube add 800 µl ZR viral DNA buffer and 200 µl 

of CSF sample.

Mix tubes briefly by vortexing and allow it to stand at room temperature for 5-

10 minutes.

Transfer the mixture to a Zymo-Spin™ IC column in a collection tube and 

centrifuge at 8000 rpm for 1 min.

Discard the flow through from the collection tube. Add 300 µl of DNA wash 

buffer to the column. Centrifuge the tubes at 8000 rpm for 1 min.

Discard the flow through and repeat the above step for one more time.

Place the columns into a microcentrifuge tube. Elute the viral DNA from the 

Zymo-Spin IC columns in a volume of 20 µl of elution buffer

Store DNA at 4°C for further use and at -20°C for long term storage.



Appendix2                                                                                                         Protocols

195

PCR

A) CONVENTIONAL PCR

1) Reagents for PCR

 Synthetic oligonucleotide primer pair flanking the sequence to be amplified

 10X PCR Buffer (Bangalore Genei, Bangalore, India)

 25 mM MgCl2 (Bangalore Genei, Bangalore, India)

 2.5 μM each of a mixture of four dNTPs (Bangalore Genei, Bangalore, 

India)

 3 units/ μl Taq DNA Polymerase (Bangalore Genei, Bangalore, India)

 Nuclease free water (Bangalore Genei, Bangalore, India)

Composition and preparation of reagents

Primer synthesis

The primers were synthesized by Sigma-Genosys at a scale of 5 OD. 

Lyophilized primers were dissolved in TE buffer at a concentration of 100 µM.

Procedure 

The protocol below is optimized for 50µl reaction volume:
Sr. 
No.

Composition
Initial 
concentration

Vol.  for  50μl  in one 
reaction

Final 
concentration

1 Buffer 10X 5 μl 1X

2 MgCl2 25 mM 4 μl 2mM

3 dNTP mix 10mM 3 μl 0.6mM

4 Primers 100 µM each 1 or 0.5 μl each 1 or 0.5 µM each

5 Taq Polymerase 3 Units/ μl 0.6 μl 2 Units

6 Sample DNA -- 5 μl --

7 Water -- 30.4 or 31.4μl --
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4) Goat-anti human IgM/IgG-HRP conjugate (Bangalore Genei, Banglore, 

India)

Dilution-1:5000 or 10,000

Add 0.5 or 1 µl Goat-antihuman IgM/ IgG-HRP conjugate in 10 ml 1 X PBS. 

Mix thoroughly using a cyclomixer.

5) Goat-anti rabbit IgG-HRP conjugate

Dilution-1:10,000

Add 1 µl Goat-antirabbit IgG-HRP conjugate in 10 ml 1X PBS. Mix thoroughly 

by   using cyclomixer.

6) TMB/H2O2 substrate (Science Products Inc.USA.)

Commercially available in brown bottle and stored at 4°C.

7) 2.5 N H2SO4 98% GR (Merck Specialities Pvt. Ltd., India)

For 500 ml – Add 35 ml concentrated H2SO4 and add 465 ml distilled water to 

make the total volume to 500ml.

Glasswares and plasticwares for ELISA

Glasswares: Beaker, conical flasks, pipettes, measuring cylinder, volumetric 

flasks

Plasticwares: Eppendorf tubes, micropipette tips

Equipments and instruments for ELISA

Rotary Shaker (Remi laboratory instruments, India), ELISA reader (ROBONiK 

readwell plate, ELISA analyzer, India), • Micropipettes (Eppendorf North 

America, New York), Desktop centrifuge (Remi laboratory instruments, India), 

Cyclomixer (Remi laboratory instruments, India)
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Procedure

Antigen Detection Protocol

Coat the 100μl sample in microtiter plate (serum/CSF)

Incubate for 90 min

Wash once with PBS (pH= 7.4)

Block wells with 0.5 % BSA /PBS (100μl)

Incubate for 45 min

Wash three times with PBS

Add 100μl Primary Antibody 

Incubate for 45 min

Wash three times with PBS

Add 100μl secondary antibody (HRP conjugated)

Incubate for 45 min

Wash four times with PBS

Addition of Substrate 

Incubate for 10 min

Add 100μl Stop Solution, & Read at 450 nm on ELISA Reader
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Antibody Detection Protocol

Coating of 100µL antigen (proper dilution in PBS) to the microtiter wells

Incubate for 3 hours at 37°C

Wash once with PBS (pH 7.4)

Blocking with 0.5% BSA/PBS

Incubate for 2 hours at 37°C

Wash once with PBS

Keep plates overnight at 4°C

Wash the coated plates twice with PBS

Addition of 100µL sample (proper dilution in PBS)

Incubate for 60 min 37°C

Wash 3 times with PBS

Addition of 100µL secondary antibody (enzyme conjugated)

Incubate for 45 min at 37°C

Wash 4 times with PBS

Addition of 100µL substrate (TMB/H2O2)

Incubate for 10 min

Addition of stop solution (2.5N H2SO4) and read at 450 nm in an ELISA reader
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Protein A-Based ELISA: Its Evaluation
in the Diagnosis of Herpes Simplex Encephalitis

Shradha S. Bhullar,1 Rajpal S. Kashyap,1 Nitin H. Chandak,1 Hemant J. Purohit,2

Girdhar M. Taori,1 and Hatim F. Daginawala1

Abstract

Herpes simplex encephalitis (HSE) represents one of the most severe infectious diseases of the central nervous
system. As effective antiviral drugs are available, early rapid and reliable diagnosis has become important. The
objective of the present study was to develop a sensitive enzyme-linked immunosorbent assay (ELISA) protocol
for herpes simplex virus (HSV) antigen detection by assessing the usefulness of hyperimmune sera isolated from
HSV-seropositive patients. A total of 52 cerebrospinal fluid (CSF) and 62 serum samples of HSE patients and
non-HSE persons were analyzed. An in-house ELISA protocol utilizing hyperimmune sera was developed for
HSV antigen detection. To improve the specificity of the method, protein A was incorporated into the protocol
for ELISA. The sensitivity (70% and 90%) of antigen detection was high in CSF and serum samples, respectively,
of confirmed HSE patients. However, lower specificity (52.3% and 42.3%), rerspectively, was obtained, which
was improved by using protein A in the ELISA protocol. The modification in the method yielded good sensi-
tivity (80% and 70%) and specificity (85.7% and 88.4%) of HSV antigen detection in the CSF and sera, respec-
tively, of the HSE and non-HSE groups. The ELISA method utilizing hyperimmune sera along with protein A for
HSV antigen detection yielded good sensitivity and specificity in both CSF and sera, and hence can be useful for
the diagnosis of HSE.

Introduction

Human herpesviruses cause various acute, subacute,

and chronic disorders of the central nervous system
(CNS) and peripheral nervous system in adults and children.
Among herpesviruses, herpes simplex viruses (HSV) 1 and 2
cause a wide spectrum of clinical manifestations, such as
meningitis, encephalitis, and myelitis in the CNS of infants as
well as adults. However, clinical criteria (symptoms) are not
reliable enough to differentiate between different causes of
encephalitis, as numerous neurological syndromes may mi-
mic herpes simplex encephalitis (HSE). Therefore, accurate
and rapid diagnosis of HSV infections is of utmost importance
for effective therapy with antiviral drugs.

The development of an HSE diagnostic test is to confirm,
as rapidly as possible, the clinical impression that observed
symptoms result from HSV infection. Although cell culture is
considered the gold standard for HSV detection, it has sev-
eral inherent limitations, including a lack of 100% sensitivity
and the invasive surgical procedure that is controversial and
rarely used for diagnostic purposes (1,6,7). It is also not

possible to culture virus in many clinical laboratories because
of a lack of the infrastructure needed to fulfill various bio-
safety requirements.

Molecular diagnostic assays using polymerase chain re-
action (PCR) are widely used for detecting herpesvirus in-
fections of the CNS (2,3,11). Although very sensitive, the
technique has the disadvantage of being highly susceptible
to PCR carry-over contamination errors, potentially leading
to false-positive results (17,21).

The immunoglobulin M (IgM) enzyme-linked immuno-
sorbent assay (ELISA) method, which provides evidence of
HSV infection, is used to lend support to clinical findings in
the assessment of patients with suspected HSV infection.
However, the sensitivity of the IgM ELISA is low in the acute
stage of illness. Additionally, IgG cannot be detected in HSV-
infected patients in the acute stage (5,19,22,23). Serologic
tests also need to be standardized by concomitant measure-
ment of albumin to determine that virus-specific antibody
has not passively diffused from serum into the cerebrospinal
fluid (CSF), thereby yielding false-positive results (10,13,15).
A rapid antigen detection test that uses ELISA for the
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detection of HSV infection may be a more accurate diag-
nostic method for patients in the acute stage of infection.

ELISA systems are specific (specificities range from 96–
100%), but lack sensitivity (sensitivities range from 46–76%) in
detecting HSV antigen directly from clinical specimens
(14,16,20). Immunologic analyses of CSF for the presence of
specific antigens have not yielded sensitive tests for the lab-
oratory diagnosis of HSV-related CNS disease (4,8). As the
ELISA technology continues to improve, better methods have
been developed to capture viral antigen and therefore im-
prove sensitivity. The objective of this study was to develop a
sensitive and specific technique to detect HSV antigen by the
ELISA method. The present report describes a method in
which hyperimmune sera from HSV-seropositive patients
was evaluated for the detection of antigen by an in-house
ELISA method. The CSF and paired sera were simultaneously
screened for HSV infection in patients with HSE.

Materials And Methods

Patient selection and sample collection

The Central India Institute of Medical Sciences (CIIMS),
Nagpur, is a tertiary referral center. Patients with suspected
cases of HSE who were admitted were prospectively were
enrolled in this study. Criteria for suspicion of HSE were
presence of fever, altered mental status (low level of con-
sciousness, and behavior or personality changes), and other
critical manifestations (e.g., focal neurological deficits and
seizures). Neurological diagnostic investigations were per-
formed during the first week of hospitalization; these in-
vestigations included the AFB and Gram stains; bacterial
culture; determination of the protein and sugar levels and
cell counts in CSF; and computed tomography scan and
magnetic resonance imaging of the brain. CSF and paired
serum samples were collected from 52 patients before they
received any treatment. Clinical data were prospectively
collected on case record forms. Informed consent was ob-
tained from all of the patients. The Institutional Ethics
Committee of CIIMS, Nagpur, India, funded and approved
this study. All patients were grouped as follows.

HSE group (n ¼ 10)

An acute case of HSV infection was defined as any case
with clinical and/or MRI features consistent with HSE, and
in whom HSV infection was confirmed by conventional PCR
assay.

Non-HSE group

Suspected viral encephalitis (n¼ 24). This group in-
cluded patients with acute onset of fever and clinical features
consistent with viral encephalitis. CSF findings showed a
mild increase in protein and glucose, and often normal or
mild pleocytosis. These patients showed a good clinical re-
sponse to antiviral treatment.

Other infectious cases (n ¼ 10). Patients included in this
group had tuberculous meningitis (TBM) or pyogenic and
fungal meningitis. A diagnosis of TBM was based on clinical
features including subacute or chronic fever with features of
meningeal irritation such as headache, neck stiffness, and
vomiting, with or without other features of CNS involve-

ment. CSF findings in these patients included increased
protein, decreased glucose (a CSF:blood glucose ratio <0.5),
and/or pleocytosis with lymphocytic predominance. All
these patients showed a good clinical response to antitu-
berculous drugs.

Non-tuberculous infectious meningitis. This group in-
cluded patients having pyogenic or fungal meningitis. Pyo-
genic meningitis was suspected in patients who had acute
high-grade fever with features of meningitis. These patients
often had altered sensorium, as well as CSF findings of in-
creased protein, very low sugar (CSF:blood glucose ratio
<0.2), and pleocytosis with polymorphonuclear predomi-
nance. The response to broad-spectrum antibiotics was also
considered as one of the diagnostic criteria for pyogenic
meningitis. Fungal meningitis shows CSF profiles similar to
TBM; however, India ink staining shows the presence of po-
tential etiological agents such as Cryptococcus. Fungal men-
ingitis was further confirmed by culturing on selective media.

Non-infectious neurological disorders (n¼ 8). All other
patients who had no evidence of CNS or extra-CNS bacterial
or viral infections were grouped in the non-infectious neu-
rological disorders group. Patients included in this group
had hypertension, status epilepticus, stroke, or other disor-
ders.

Healthy controls (n ¼10)

Additionally, serum samples of healthy volunteers from
the working staff of the institute with no signs or symptoms
of clinical impairment were included as controls.

Anti-HSV IgG detection in sera

Anti-HSV IgG was detected in sera of HSE patients by the
Platelia HSV (1þ2) ELISA Kit (BioRad Laboratories, Inc.,
Hercules, CA), according to the manufacturer’s instructions.
The method uses qualitative determination of IgG class anti-
bodies to HSV in human serum. The antigen, composed of
purified and inactivated HSV types 1 and 2, is bound to the
solid phase (8-well strips). The specific immunoglobulins are
bound to the antigen after incubation with dilute human se-
rum. After washing, incubation was done with the conjugate,
composed of human IgG monoclonal antibodies labeled with
peroxidase. After washing, the peroxidase substrate was ad-
ded. The intensity of the color was read at 450 nm.

Preparation of anti-HSV

Pooled sera from patients infected with HSV [positive for
anti-HSV IgG as demonstrated by the Platelia HSV (1þ2)
ELISA Kit] was collected, and IgG was purified by protein G
affinity column chromatography (IgG purification kit; Ban-
galore Genei, Bengaluru, Karnataka, India), according to the
manufacturer’s instructions. The IgG bound to the column
was eluted in different fractions of 1 mL each, and the frac-
tion showing maximum absorbance at 280 nm was used at a
dilution of 1:4000.

HSV antigen detection by ELISA

One hundred microliters of CSF (1:50) and paired serum
samples (1:200) from HSV-infected patients was separately
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added to the microtiter wells, and then the wells were
blocked with 0.5% BSA in PBS for 45 min. After the wells
were washed with PBS, anti-HSV IgG was added (1:4000),
and the plates were incubated at 378C for 45 min. After in-
cubation, the wells were washed and goat anti-human IgG–
horseradish peroxidase secondary antibody (1:10,000) was
added. The samples were then incubated for 45 min at 378C.
After another wash with PBS, 100 mL of the TMB-H2O2

substrate solution was added to the wells, which were in-
cubated at room temperature for approximately 10 min. The
reaction was then stopped with 100mL of 2.5 N H2SO4. The
absorbance of each well was read at 450 nm.

HSV antigen detection by ELISA with protein A

In order to improve the specificity of the method, a mod-
ification was done by incorporating protein A into the above-
mentioned protocol for ELISA. The wells of ELISA plates
were separately coated with 100mL of CSF (1:50) and paired
serum (1:200) samples. Protein A (1:4000) was added after
blocking with 0.5% BSA in PBS for 45 min, and the plates
were incubated for 45 min at 378C. After incubation, the wells
were washed and anti-HSV IgG was added (1:4000), and
the plates were incubated at 378C for 45 min. The wells
were washed and goat anti-human IgG–horseradish peroxi-
dase secondary antibody (1:10,000) was added and incuba-
tion was done for 45 min at 378C. After another wash with
PBS, 100mL of the TMB-H2O2 substrate solution was added to
the wells, which were incubated at room temperature for
approximately 10 min. The reaction was then stopped with
100mL of 2.5 N H2SO4. The absorbance of each well was read
at 450 nm.

DNA extraction

The genomic DNA was extracted from 200mL of CSF
samples from patients by using a ZR Viral DNA kit (Zymo
Research, Orange, CA), according to the manufacturer’s
protocol. The viral DNA was eluted from the Zymo-Spin IC
columns in a volume of 25 mL of elution buffer, and was
further used in PCR.

PCR assay

PCR was performed using a commercially available kit
(CinnaGen Inc., Tehran, Iran) for the detection of HSV 1 and
2 per the manufacturer’s protocol. The amplification was
carried out in a 20-mL reaction volume containing 5mL of
template DNA, and the PCR reaction was performed in a

thermal minicycler (Peqlab Biotechnology GmbH, Erlangen,
Germany). Each cycle consisted of initial denaturation at
948C for 1 min, followed by 50 cycles each consisting of 948C
for 1 min, 728C for 40 sec, and further primer extension at
728C for 7 min. The amplified DNA was detected by elec-
trophoresing in a 2% agarose gel stained with 10 mg/mL of
ethidium bromide (6mL for 50 mL of agarose gel), and the gel
was visualized on a UV light transilluminator (Biotech R & D
Laboratories, Salem, Tamil Nadu, India).

Statistical analysis

The results are expressed as mean� standard deviation
(SD) together with the range. Cut-off values for the absor-
bance of the HSV antigen were calculated by using
mean� SD of the absorbance of the HSV antigen for the
control group. The sensitivity (true-positive rate) of the test
was calculated as [the number of samples in the HSV-
infected group with an absorbance greater than or equal to
the mean� SD of the absorbance for the control group di-
vided by the total number of samples for the HSV-infected
group] �100. The specificity (true-negative rate) for the test
was calculated as [the number of samples in the HSV-
infected group with an absorbance of less than the
mean� SD of the absorbance for the control group divided
by the total number of samples for the group]�100.

Results

CSF and paired serum samples of 52 patients admitted to
the Neurological Department of CIIMS were grouped into
HSE and non-HSE groups on the basis of PCR assay, clinical
observations, and biochemical and pathological analyses of
CSF samples.

b T1Table 1 shows the occurrence of HSV antigen in CSF from
the HSE and non-HSE groups as determined by the indirect
ELISA method, along with the mean and range of the ab-
sorbance. The mean absorbance value for the HSV antigen in
the HSE group was 1.26� 0.51 (range 0.84–2.33). The cut-off
value for absorbance at 450 nm for a positive result of anti-
gen detection was 0.87. The rate of positivity for HSV antigen
with CSF for confirmed HSV infection was 70%, while the
rate of positivity for patients in the non-HSE group (the viral
encephalitis, other infectious, and non-infectious groups)
was 47.6%. This higher rate of positivity in the non-HSE
groups could possibly be explained as the presence of IgG
in the samples that might be cross-reacting with goat anti-
human IgG–horseradish peroxidase secondary antibody.

Table 1. Demonstration of HSV Antigen in CSF from Subjects With and Without HSV Infection

by ELISA Along with Mean Absorbance and Range

Positivity for Negativity for Absorbance
Patient group HSV Ag HSV Ag mean� SD Range

HSE (n¼ 10) 7 (70%) 3 (30%) 1.26� 0.51 0.84–2.33
Non-HSE (n¼ 42) 20 (47.61%) 22 (52.38%) 0.85� 0.33 0.32–1.55
Viral encephalitis (n¼ 24) 13 (54%) 11 (45.8%) 0.90� 0.36 0.39–1.55
Other infectious (n¼ 10) 5 (50%) 5 (50%) 0.88� 0.32 0.38–1.24
Non-infectious (n¼ 8) 2 (25%) 6 (75%) 0.68� 0.18 0.32–0.92

HSE, herpes simplex encephalitis; HSV, herpes simplex virus; CSF, cerebrospinal fluid; ELISA, enzyme-linked immunosorbent assay; SD,
standard deviation; Ag, antigen.
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T2 c Table 2 depicts that with the use of protein A in the ELISA
protocol, there was a significant decrease in the rates of
positivity for the non-HSE group ( p< 0.028), thereby de-
creasing false-positivity and resulting in enhanced specific-
ity. The mean absorbance value for the HSV antigen in the
HSE group was 0.44� 0.17 (range 0.29–0.88), which was
higher than that of the non-HSE group (0.26� 0.10, range
0.19–0.50). The cut-off value for absorbance at 450 nm for a
positive result of antigen detection was 0.33.

T3 c Table 3 shows the presence of HSV antigen in the paired
sera samples of the HSE and non-HSE groups. The mean
absorbance value for the HSV antigen in the HSE group was
1.90� 0.44 (range 1.0–2.47). The cut-off value for absorbance
at 450 nm for a positive result of antigen detection was 1.34.
The rates of positivity obtained were 70.8%, 70%, 50%,
and 20% for the viral encephalitis, other infectious, non-
infectious, and healthy control groups, which were still
higher than that of HSV antigen detection in CSF, owing to
the presence of significantly raised levels of immunoglobulin
in the sera from all the subjects.

However, in the protein A-based ELISA, there was a
significant decrease in the rates of positivity in sera of the
non-HSE group ( p< 0.001;T4 c Table 4). The cut-off value for
absorbance at 450 nm for a positive result of antigen detection
was 0.44. The mean absorbance value for the HSV antigen in
the HSE group was 0.63� 0.22 (range 0.41–1.13), which was
higher than that of the non-HSE group (0.34� 0.24, range
0.16–1.08). However, the number of positive cases had de-
clined in sera from the HSE group, giving a positivity of 70%
(7/10), whereas antigen detection was positive for 80% (8/10)
in the CSF of the HSE group. The HSV antigen was not found
in the healthy control group (negativity 100%).

The concordance for antigen detection in sera and CSF of
HSE (n¼ 10) patients was 70%, whereas concordance for
negative ELISA results was 73.80% between CSF and sera
samples of the non-HSE (n¼ 42) group ( b T5Table 5).

Discussion

HSV is one of the most widespread viruses known to
cause acute and recurrent infections in humans. The early
diagnosis remains difficult because the clinical picture of
encephalitis caused by HSV is similar to that of other viral
infections.

Before the advent of PCR analysis of the CSF, culture of
brain tissue obtained by biopsy was considered the gold
standard for the diagnosis of HSE. Brain biopsy is an invasive
procedure and is rarely performed. In cases of suspected HSE,
a sensitive HSV PCR test of the CSF is the most sensitive non-
invasive lab test, but it requires sophisticated technology and
well-trained personnel. There are certain problems with PCR
too; due to its extreme sensitivity to contamination by minute
amounts of DNA, the test may lead to false-positive results.
Although the use of CSF serology has been studied extensively
in HSE, it has little therapeutic value because of the delay in
intrathecal antibody development and the requirement for
immediate diagnosis of HSE for the treatment decision.

The detection of the viral antigen can be an alternative to
isolation of the virus or the detection of viral nucleic acids,
IgG, or IgM. In our laboratory, we have developed an anti-
gen detection assay by utilizing the hyperimmune sera from
patients with HSE. Pooled sera from HSV IgG-positive HSE
patients were collected, IgG antibody was purified by pro-
tein G affinity column chromatography, and purified anti-

Table 2. Demonstration of HSV Antigen in CSF from Subjects With and Without HSV Infection

by ELISA Using Protein A Along with Mean Absorbance and Range

Positivity for Negativity for Absorbance
Patient group HSV Ag HSV Ag mean� SD Range

HSE (n¼ 10) 8 (80%) 2 (20%) 0.44� 0.17 0.29–0.88
Non-HSE (n¼ 42) 6 (14.28%) 36 (85.71%) 0.26� 0.10 0.19–0.50
Viral encephalitis (n¼ 24) 5 (20.8%) 19 (79.1%) 0.30� 0.07 0.21–0.50
Other infectious (n¼ 10) 1 (10%) 9 (90%) 0.29� 0.04 0.21–0.36
Non-infectious (n¼ 8) 0 8 (100%) 0.25� 0. 03 0.19–0.29

HSE, herpes simplex encephalitis; HSV, herpes simplex virus; CSF, cerebrospinal fluid; ELISA, enzyme-linked immunosorbent assay; SD,
standard deviation; Ag, antigen.

Table 3. Demonstration of HSV Antigen in Paired Sera from Subjects With and Without HSV Infection

by ELISA Along With Mean Absorbance and Range

Positivity for Negativity for Absorbance
Patient group HSV Ag HSV Ag mean� SD Range

HSE (n¼ 10) 9 (90%) 1 (10%) 1.90� 0.44 1.0–2.47
Non-HSE (n¼ 52) 30 (57.69%) 22 (42.30%) 1.61� 0.47 0.75–2.31
Viral encephalitis (n¼ 24) 17 (70.8%) 7 (29.1%) 1.74� 0.24 1.51–2.31
Other infectious (n¼ 10) 7 (70%) 3 (30%) 1.76� 0.43 1.12–2.22
Non-infectious (n¼ 08) 4 (50%) 4 (50%) 1.49� 0.48 0.99–1.74
Healthy controls (n¼ 10) 2 (20%) 8 (80%) 1.26� 0.36 0.75–1.27

HSE, herpes simplex encephalitis; HSV, herpes simplex virus; ELISA, enzyme-linked immunosorbent assay; SD, standard deviation; Ag,
antigen.
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bodies were used for the detection of HSV antigen. To our
knowledge not much has been reported about the diagnostic
significance of hyperimmune sera in HSE. However, studies
have been reported, based on the evaluation of hyperim-
mune sera for antigen detection in clinical samples for the
diagnosis of certain infections (9).

We assessed the usefulness of an antigen detection assay
on the basis of an indirect ELISA method for the detection of
HSV infection in sera and CSF from patients with suspected
HSE. Our results indicate that the antigen detection assay
had a higher sensitivity (90% and 70% in sera and CSF, re-
spectively). However, a lower specificity was obtained with
this method. The reason for low specificity was possibly due
to cross-reactivity of goat anti-human IgG–horseradish per-
oxidase with host IgGs, which are mildly to moderately in-
creased in response to an infection. The higher positivity
obtained with the ELISA assay in other infectious cases
compared to that of non-infectious disorders, also supports
the above-mentioned possibility.

The so-called cross-reactivity with IgG of CSF and
paired sera was ameliorated by introducing an additional
step of protein A in the ELISA protocol. Protein A is a
surface protein originally found in the cell wall of the
bacteria Staphylococcus aureus. It binds proteins from many
mammalian species, most notably the Fc portion of IgGs.
When CSF or sera samples are added to microtiter wells,
the host IgGs already present in the sample get bound to
wells along with the antigens. These IgGs are then de-
tected by anti-human IgG (used as a secondary antibody in
the protocol). The protein A included in the ELISA pro-
tocol binds to those host IgGs, thus rendering them un-
available to be detected by anti-human IgG. The inclusion
of protein A in the ELISA protocol resulted in enhancing
the overall specificity for the detection of HSV infection.

The higher positivity obtained with other infections was
significantly lowered. The ELISA method utilizing hyper-
immune sera along with protein A for antigen detection
yielded good sensitivity (80% and 70%) and specificity
(85.7% and 88.4%) in CSF and sera, respectively, for the
diagnosis of HSV infection.

HSE can occur following primary infection or by reactiva-
tion of latent virus in the presence or absence of clinically-
apparent manifestations (12,18,24). The high concordance
(70%) for positive ELISA results for antigen detection in sera
and CSF of HSE patients suggests a high probability for the
presence of HSV in both the biological fluids in HSE. The
presence of virus in both the CSF and sera of 6/10 individuals
could be due to three reasons: (1) it is a part of the primary
episode with the virus infecting the CNS via the olfactory
route, and thus seeding the blood by crossing the blood–brain
barrier; (2) the infection could be due to reactivation of en-
dogenous latent virus; or (3) infection by an exogenous virus in
the CNS in an already latently-infected individual. Of the non-
HSE cases, out of 36 ELISA-negative CSF samples, HSV anti-
gen was found to be positive in 6 serum samples, which could
be due to reactivation of HSV without clinical relevance in
those cases.

The findings of this study suggest that the diagnostic
sensitivity of our ELISA-based system utilizing hyperim-
mune sera along with protein A is high when evaluated in
both biological fluids (i.e., CSF and sera) of HSE patients. The
results indicate that the indirect ELISA method used in this
study is sensitive, specific, and cost-effective, and if con-
firmed further can be adopted in any clinical laboratory with
minimal requirements. The test can not only be useful for
initial screening purposes, but can also be repeated in serum
during the course of illness, when there is a suspicion of HSV
infection.

Table 4. Demonstration of HSV Antigen in Paired Sera from Subjects With and Without HSV Infection

by ELISA Using Protein A Along with Mean Absorbance and Range

Positivity for Negativity for Absorbance
Patient group HSV Ag HSV Ag mean� SD Range

HSE (n¼ 10) 7 (70%) 3 (30%) 0.63� 0.22 0.41–1.13
Non-HSE (n¼ 52) 6 (11.53%) 46 (88.46%) 0.34� 0.24 0.16–1.08
Viral encephalitis (n¼ 24) 3 (12.5%) 21 (87.5%) 0.36� 0.31 0.11–1.08
Other infectious (n¼ 10) 1 (10%) 9 (90%) 0.34� 0.21 0.22–0.89
Non-infectious (n¼ 08) 2 (25%) 6 (75%) 0.35� 0.18 0.16–0.62
Healthy controls (n¼ 10) 0 10 (100%) 0.26� 0.12 0.16–0.44

HSE, herpes simplex encephalitis; HSV, herpes simplex virus; ELISA, enzyme-linked immunosorbent assay; SD, standard deviation; Ag,
antigen.

Table 5. Concordance of ELISA Results Between Sera and CSF for the HSE and Non-HSE Groups

Category ELISA results Concordance (%)

Serum positive Serum negative

HSE (n¼ 10) CSF positive (n¼ 8) 6 2 70
CSF negative (n¼ 2) 1 1

Non-HSE (n¼ 42) CSF positive (n¼ 6) 1 5 73.80
CSF negative (n¼ 36) 6 30

HSE, herpes simplex encephalitis; CSF, cerebrospinal fluid; ELISA, enzyme-linked immunosorbent assay; Ag, antigen.
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their CSF, a greater number of cases were associated with 
the presence of lesions in the brain as revealed by computed 
tomography/magnetic resonance imaging scan. They re-
quired acyclovir therapy for a longer duration and had a 
poorer clinical outcome than the patients with lower viral 
loads in their CSF.  Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 Human herpesviruses cause various acute, subacute, 
and chronic disorders of the central nervous system 
(CNS) and peripheral nervous systems in adults and chil-
dren. Among herpesviruses, herpes simplex virus (HSV)-
1 and -2 cause a wide spectrum of clinical manifestations 
like meningitis, encephalitis, myelitis, etc., in the CNS of 
infants as well as adults.

  Molecular diagnostic assays using polymerase chain 
reaction (PCR) are the standard methods for detecting 
herpesvirus infections of the CNS. HSV DNA detection 
in cerebrospinal fluid (CSF) is used to define CNS infec-
tion and PCR testing of CSF has become gold standard 
 [1–3] .

  PCR analysis by real-time monitoring of DNA ampli-
fication reactions has previously been described  [4] . Since 

 Key Words 

 Herpes simplex virus · Herpes simplex encephalitis · 
Quantitative real-time PCR · Viral load · Molecular 
diagnostics 

 Abstract 

  Objective:  Human herpesviruses cause various acute, sub-
acute, and chronic disorders of the central nervous system 
and peripheral nervous systems in adults and children. The 
objective of the present study is to summarize the experi-
ence gained with the estimation of viral load in the central 
nervous system of children and adults with herpes simplex 
encephalitis (HSE) admitted to a neurological institute at 
Nagpur, India, by quantitative real-time PCR (qPCR) assay 
within the past 4 years.  Methods:  The qPCR assay was evalu-
ated retrospectively in 242 cerebrospinal fluid (CSF) samples 
from patients. Evaluation of possible relationships was done 
between the herpes simplex virus (HSV) DNA concentration 
in CSF with that of patients’ clinical and laboratory manifes-
tations. The prevalence of the type of HSV in the study pop-
ulation was also determined using type-specific real-time 
PCR analysis.  Results and Conclusions:  Real-time analysis 
using type-specific primers revealed the presence of pre-
dominantly HSV-1 genotype in the study population. The 
qPCR results show that in patients with higher viral loads in 
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real-time PCR allows a rapid detection of viral genomes 
in clinical specimens and is easy to use in a clinical labo-
ratory, different real-time PCR assays for the detection of 
HSV have been developed  [5–7] . On the other hand, a 
quantitative system using real-time PCR assay has recent-
ly been developed to measure viral load of HSV  [8–11] . 
Quantification of HSV DNA has also been used as a 
means of evaluating the antiviral effects of candidate 
drugs  [12] . Quantification of viral load may be useful for 
assessing the prognosis and may provide additional infor-
mation for management of HSV infection.

  There are very few documented studies for determin-
ing the incidence of herpes simplex encephalitis (HSE) in 
India  [13–15] . In the present study, a quantitative real-
time PCR assay (qPCR) for HSV was evaluated in a 4-year 
retrospective study that included children and adults with 
herpes simplex infection of the CNS admitted to a neuro-
logical institute at Nagpur, India. The qPCR assay was 
evaluated retrospectively in 242 CSF samples from pa-
tients with the aim to study the concentration of HSV 
genome as a prognostic marker. The prevalence of the 
type of HSV in the study population was also determined 
using type-specific real-time PCR analysis. The aim is to 
investigate the range of the HSV genome concentration 
in initial samples and to evaluate possible relationships 
between the HSV DNA concentration in CSF with that of 
patients’ clinical and laboratory manifestations. The age, 
gender, duration of disease, and severity of disease for pa-
tients with high and low viral load were compared. The 
effect of acyclovir therapy on the levels of HSV DNA was 
determined for 4 patients. The objective of this paper is 
to summarize the experience gained with the estimation 
of viral load in the CNS of patients with HSE at our insti-
tute by qPCR assay within past 4 years.

  Materials and Methods 

 Patient Selection and Samples Collection 
 The Central India Institute of Medical Sciences (CIIMS), 

 Nagpur, is a tertiary referral center. Patients with suspected cases 
of HSE who were admitted were enrolled in this study. Criteria for 
suspicion of HSE were the presence of fever, altered mental status 
(low level of consciousness, behavior or personality changes) and 
other clinical manifestations (e.g. focal neurological deficits, sei-
zures). Neurological diagnostic investigations were performed 
during the first week of hospitalization; these investigations in-
cluded the AFB and Gram stain, bacterial culture, HIV status, de-
termination of the protein, sugar level and cell counts in CSF, com-
puted tomography (CT) scan and magnetic resonance imaging 
(MRI) of the brain. In CT, plain/contrast imaging of the brain was 
done, whereas for MRI T1- and T2-weighted, diffusion-weighted 
imaging and fluid-attenuated inversion recovery images were tak-

en. A total of 102 CSF samples of patients initially suspected for 
HSE were tested using PCR assays. All patients diagnosed with 
HSE were treated intravenously with acyclovir (30 mg/kg b.w./
day) for 8–21 days. The clinical outcome for each patient was as-
sessed. Patients were re-examined at the time of completion of 
treatment. Morbidity was defined as previously reported  [16] . The 
outcome was assessed in terms of mild, moderate or severe impair-
ment; normal clinical recovery, or death. The initial CSF samples 
were drawn from all the patients except 2, diagnosed with HSE 
before treatment with acyclovir. CSF samples were obtained from 
some of the patients whenever possible during treatment. In addi-
tion to that, 140 CSF samples from patients with other viral en-
cephalitis, tuberculous, pyogenic or fungal meningitis and non-
infectious neurological disorders such as hypertension, status epi-
lepticus, stroke, etc., were also analyzed to test the specificity of the 
PCR assays. Clinical data was prospectively collected on case re-
cord forms. Informed consent was obtained from all patients. The 
Institutional Ethics Committee of CIIMS, Nagpur, approved the 
study.

  DNA Extraction 
 The genomic DNA was extracted from 200 μl of CSF samples 

from patients by using a ZR Viral DNA kit (Zymo Research, Irvine, 
Calif., USA) according to the manufacturer’s protocol. The viral 
DNA was eluted from the Zymo-Spin IC columns in a volume of 
20 μl of elution buffer and was further used in PCR.

  Quantitative Real-Time PCR Assay 
 The set of primers used for HSV has been described by Cun-

ningham et al.  [17]  and Lakeman and Whitley  [18]  (5   ′ -ATC AAC 
TTC GAC TGG CCC TT-3   ′  and 5 ′   -CCG TAC ATG TCG ATG 
TTC AC-3 ′   ) which generate a 179-bp product of the DNA poly-
merase gene after amplification. Amplification and quantification 
was done based on the principle of SYBR Green ®  technology. The 
amplification reactions were carried out in a total volume of 10 μl, 
containing 1 μl of template DNA, 5 μl of Power SYBR ®  Green PCR 
Master Mix (Applied Biosystems, Foster City, Calif., USA), 1 μl 
each of (0.5 μ M ) forward and reverse primer, and 2 μl of sterile wa-
ter. The amplification conditions consisted of preincubation at 
95° for 10 min and two steps (40 cycles) at 95° for 15 s and 65° for 
1 min. The quantification cycle (C t ) was calculated as the cycle 
number at which the concentration increase became exponential. 
The specific target amplification was analyzed by melt-curve anal-
ysis of the Applied Biosystems StepOne Real-Time PCR Systems, 
which consisted of first melting step at 95° for 15 s, annealing at 
60° for 1 min, and second melting step at 95° for 15 s.

  Standard Curve 
 To quantitate viral DNA, a standard curve was obtained for 

each experiment by co-amplification of known amounts of HSV 
DNA (determined spectrophotometrically). Seven consecutive di-
lutions (dilution factor 1:   10) were prepared containing from 10 6  to 
10 1  copies/reaction. The amounts of HSV DNA in samples were 
obtained by plotting C t  values onto the standard curve.

  HSV-1 and HSV-2 Real-Time PCR Assay 
 US3 gene is found conserved in the US region of HSV genome. 

This gene encodes a serine/threonine kinase. Primers targeting US3 
gene of HSV-1 and HSV-2 were designed to differentiate between 
the two on the basis of PCR. The set of primers used for HSV-1 were 
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(5   ′ -AACGCGTCCTTGTTCTCGGC-3   ′  and 5   ′ -TGAGGCGC-
GATTCTGGATGC-3   ′ ) and that of HSV-2 were (5   ′ -ATAGCAGC-
CACCCGAACTACCC-3   ′  and 5   ′ -TGACCCCAGAAACGACGT-
GC-3   ′ ) which generate 127- and 144-bp product respectively upon 
amplification. Amplification was done based on the principle of 
SYBR Green technology. The amplification reactions were carried 
out in a total volume of 10 μl, containing 1 μl of template DNA, 5 μl 
of SYBR Green PCR master mix, 1 μl each of (0.5 μ M ) forward and 
reverse primer, and 2 μl of sterile water. The amplification condi-
tions consisted of preincubation at 95° for 10 min and two steps (40 
cycles) at 95° for 15 s and 58° for 1 min. The specific target ampli-
fication was analyzed by melt-curve analysis which consisted of 
first melting step at 95° for 15 s, annealing at 60° for 1 min, and 
second melting step at 95° for 15 s.

  Statistical Analysis 
 The results are expressed as mean ± SDs. All the analyses were 

done by the χ 2  test, t test and Fisher’s exact test using the MedCalc 
software for statistical analysis.

  Results 

 A series of samples was collected from patients with 
suspicion of HSE, admitted to our institute from 2008 to 
2011. Out of a total of 102 CSF samples of patients ini-
tially suspected for HSE, 25 CSF samples of HIV-negative 
individuals were found to be positive for the presence of 
HSV by real-time PCR assay using primers targeting the 
DNA polymerase gene, whereas the remaining 77 were 
found to be negative by the assay. In addition to that, 140 
CSF samples from patients with other CNS infectious or 
non-infectious neurological disorders were found to be 
negative by the qPCR assay.

  A known amount of HSV DNA was taken in tenfold 
serial dilutions from 10 6  to 10 1  copies of HSV genome to 
generate a standard curve in the qPCR assay. The limit of 
detection was found to be 10 copies of HSV genome to be 
detected by this assay. A linear quantification was achieved 
with each of the 1-log dilutions of the HSV DNA stan-
dards up to 10 copies of the HSV genome. The standard 
curve had a slope value of –3.708 with a regression coef-
ficient (R 2 ) value of 0.997. The quantification cycle (C q ) 
values from clinical samples were plotted onto the stan-
dard curve and the copy number of HSV genome were 
calculated per milliliter of CSF samples. No amplification 
was produced in the no-template control reaction con-
sisting of sterile water instead of target template. The 
melt-curve analysis of the real-time PCR assay showed a 
T m  of 85.0–85.5° whenever there was presence of HSV 
DNA in the samples.

  As shown in  table 1 , the number of HSV DNA copies 
detected in the 25 clinical samples varied from 1.2 × 10 1  

to 4.1 × 10 6  copies/ml of CSF. The age and gender-wise 
distribution of patients has also been noted in the above-
mentioned range.

   Table 2  shows the division of patients into two groups 
of high HSV DNA load (>10 4  copies/ml of CSF) and low 
HSV DNA load (<10 4  copies/ml of CSF). The groups were 
divided based on the results of a minimum p value ap-
proach to predict the moderate to severe clinical manifes-
tation of HSE based on clinical and laboratory investiga-
tions.   The difference between the mean age of patients in 
the two respective groups of viral load did not show any 
significant variation (p = 0.1284). However, the duration 
that the patient had been ill prior to obtaining the CSF 
specimen and the duration for which acyclovir had to be 
administered was significantly more in the higher viral 
load group compared to that of the lower viral load group 
(p = 0.0115 and p = 0.0028, respectively). On comparing 
the CT/MRI scan results of the two viral load groups, it 
was observed that the lower viral load group had a higher 
percentage of cases (75%) with normal CT/MRI scan in 

Table 1.  Age, gender and viral load of patients in the high viral 
load group (patients 1–13) and the low viral load group (patients 
14–25)

Patient No. Age, years Sex Number of HSV
copies/ml of CSF

1 46 F 4.1×106

2 21 F 1×105

3 38 M 1.4×104

4 58 M 2.5×104

5 45 F 3.4×104

6 13 M 1.8×104

7 74 M 2×104

8 52 M 8.1×104

9 53 M 7.9×104

10 50 F 5×104

11 68 M 6.1×104

12 40 F 1×104

13 75 M 4×104

14 58 M 1.9×103

15 45 M 6×103

16 2 M 1×103

17 56 F 1×103

18 58 M 1.1×103

19 25 F 1×102

20 2 F 1.1×102

21 1 F 1.7×102

22 15 F 9.9×102

23 70 M 1.2×101

24 50 F 5×101

25 37 F 1.7×101

D
ow

nl
oa

de
d 

by
: 

V
er

la
g 

S
. K

A
R

G
E

R
 A

G
, B

A
S

E
L 

   
   

   
   

   
   

   
   

   
 

17
2.

16
.6

.9
6 

- 
7/

24
/2

01
4 

2:
32

:1
3 

P
M

http://dx.doi.org/10.1159%2F000351521


 Bhullar/Chandak/Purohit/Taori/
Daginawala/Kashyap     

Intervirology 2014;57:1–7
DOI: 10.1159/000351521

4

comparison to the higher viral load group. Thus, the 
number of cases with detectable lesions in the brain as 
revealed by CT/MRI scan procedures were significantly 
more (84.61%) in the higher viral load group when com-
pared with the lower viral load group (p = 0.0048). Ab-

normalities revealed by CT included hypodensities in-
volving temporal lobe and occipital lobes, parafalcine 
frontal cortex, cerebellum, thalami and corona radiata. 
MRI showed gyral edema, hyperintensities in cingulate 
gyrus, hippocampus, insular/parietal/parasagittal/para-
falcine/perisylvian cortex and temporal or frontal lobe le-
sions. There were 7 out of 25 patients, 2 in the low viral 
load group and 5 in the high viral load group, in whom 
the lesions were visible in MRI only, while the CT was 
found to be normal. The assessment of clinical outcome 
showed that 11 patients (84.61%) in the high viral load 
group had moderate levels of impairment, 1 (7.69%) re-
turned to normal function, whereas 1 patient (7.69%) 
died and the other (7.69%) had severe levels of impair-
ment. In the low viral load group, 7 patients (58.33%) re-
gained normal function, 4 (33.33%) had mild to moderate 
levels of impairment, whereas 1 patient (8.33%) died. 
Other clinical parameters such as seizures, vomiting and 
headache and extent of neurological impairment using 
the Glasgow Coma Scale were also determined in the pa-
tients. However, no significant variation was obtained be-
tween the two groups.

  CSF in the patients of both the group was analyzed for 
total leukocyte count, polymorphs, lymphocytes, eosino-
phils, monocytes, sugar, and protein ( table 3 ).

  For the determination of the detection limit of a known 
amount of HSV-1 and HSV-2, DNA standards were tak-
en separately in tenfold serial dilutions from 10 6  to 10 1  
copies of HSV-1 and HSV-2 genome. The limit of detec-
tion was found to be 10 copies of HSV genome to be de-
tected by both the assays. The cross-reactivity of primers 
of both the viruses was checked by subjecting from 10 6  to 
10 1  copies of HSV-1 to be amplified in the presence of 
HSV-2 primers and vice versa, respectively. The melt-
curve analysis of the real-time PCR assay showed a T m  of 
84.5–85.0° for HSV-1 DNA and 85.5–86.0° for HSV-2 
DNA. Out of 102 HSE suspected CSF samples, 25 samples 
positive by qPCR assay of the DNA polymerase gene tar-
get were also found to be positive by HSV-1 PCR assay, 
whereas none of the samples were positive by HSV-2 PCR 
assay. In the 140 CSF samples from patients with other 
CNS infectious or non-infectious neurological disorders 
tested by both the assays, none was found to be positive 
for the presence of HSV-1 or HSV-2.

  Consecutive CSF samples were obtained from 4 pa-
tients, 2 each in the high and low viral load group. As 
shown in  table 4 , there was a decline in the viral load of 
patients on acyclovir treatment, with a marked decrease 
obtained on collection of CSF samples on the 7th and 
12th days of treatment in patients 1 and 10, respectively, 

Table 2.  Correlation between HSV DNA level and severity of disease

Criteria/parameters High HSV 
DNA
load group

Low HSV 
DNA
load group

p value

Seizures
Present 7 5 1a

Absent 6 7
Vomiting

Present 3 2 1a

Absent 10 10
Headache

Present 3 3 1a

Absent 10 9
CT/MRI

Lesions 11 3 0.0048a

Normal 2 9
Glasgow Coma Scale

Mild, 13–15 2 (15.38%) 3 (25%) 0.92b

Moderate, 9–12 8 (61.53%) 8 (66.66%) 0.88b

Severe, ≤8 3 (23.07%) 1 (8.33%) 0.64b

Age, years 48.69±18.42 34.91±25.02 0.1284c

Onset of disease before
collecting CSF, days 8.27±4.36 4.42±2.22 0.0115c

Duration of acyclovir
treatment 15.81±4.60 10.25±3.61 0.0028c

Clinical outcome
Normal 1 (7.69%) 7 (58.33%) 0.0341a

Mild to moderate
impairment 11 (84.61%) 4 (33.33%)

Severe impairment 1 (7.69%) 0.0
Death 1 (7.69%) 1 (8.33%)

 a  Fisher’s exact test. b  Comparisons of proportions (χ2 test). 
c Comparisons of means (t test).

Table 3.  Number of cells, sugar and protein in the CSF of high and 
low viral load group patients

High HSV DNA
load group

Low HSV DNA
load group

Total leukocyte count 0–500 0–250
Polymorphs, % 1–2 1–2
Lymphocytes, % 0–100 0–98
Sugar, mg/dl 32.48–86.35 40.61–106.2
Protein, mg/dl 39.46–167.2 26.68–123.6
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in the high viral load group. In patient 19 of the low viral 
load group, there was a decrease in the viral load on the 
7th day of acyclovir treatment, however the HSV copy 
number in patient 22 remained almost static after the 7th 
day of acyclovir treatment.

  Discussion 

 In the present study, gender, age, duration of disease 
and severity of disease were compared between patients 
with amounts of HSV DNA <10 4  or >10 4  copies/ml of 
CSF. A more severe disease was found in the group of pa-
tients with >10 4  HSV copies/ml of CSF. The number of 
patients with lesions in the brain seen by CT/MRI scan 
were more in the high viral load group compared to the 
low viral load group, and the difference was statistically 
significant (p = 0.0048). CT/MRI increases the likelihood 
of a positive PCR, however patients with such findings 
can be negative by PCR and some PCR-positive patients 
with less severe forms of HSE have normal CT scans  [19] . 
The duration of onset of disease before the CSF had been 
collected was almost two times longer in the group of pa-
tients with  ≥ 10 4  HSV DNA copies/ml of CSF. These data 
confirm the need for the early introduction of antiviral 
treatment in order to reduce the amount of virus replicat-
ing within the CNS and improve the clinical outcome 
 [20] . The number of days for which acyclovir had to be 
administered (p = 0.0028) and the patient had to be con-

servatively managed in the hospital so as to achieve an 
improved outcome of the patients, were significantly 
more in the patients of the high viral load group than in 
the low viral load group.   After completion of treatment, 
nearly 85% of the individuals in the high viral load group 
had moderate levels of impairment, suggesting that there 
are more chances that the patient would develop severe 
neurological sequelae in correlation to viral load and that 
even death can occur in some cases. In the low viral load 
group, 7 patients (58.33%) regained normal function 
while 4 (33.33%) had mild to moderate levels of impair-
ment, suggesting that either the early introduction of an-
tiviral therapy (as duration of onset of disease before the 
CSF had been collected was almost two times lower in the 
group of patients with low viral load) or the low viral load 
resulted in minimal neurological sequelae in this group. 
One of the   patients of the low viral group died in spite of 
acyclovir therapy, which could suggest the presence of 
drug-resistant HSV mutants in this individual as dis-
cussed below.

  In this study, follow-up CSF specimens from 2 patients 
each both in the high and low viral load group were avail-
able for assessment of the response to antiviral therapy. 
A decline in the number of HSV copies presents a distinct 
clinical advantage in patients receiving antiviral medica-
tions, which helps to ensure adequate suppression of virus 
replication in order to monitor for the emergence of drug-
resistant HSV mutants. The number of cases of which se-
rial samples were available is limited to draw valid conclu-
sions from the results in this study. However, it was ob-
served that the 2 patients of the higher viral load group 
required longer duration of acyclovir therapy so that the 
virus become undetectable by the qPCR assay in compar-
ison to 1 patient of the lower viral load group who re-
quired shorter duration of therapy. The time taken for the 
clearance of viral load from CSF may reflect the differ-
ences in pathogenesis and host response. In this context, 
a study found that the greater the load of the organism, the 
longer the PCR remains positive in the serial samples of 
patients during the course of treatment  [21] . The results 
were indicative of some association between the initial 
load of the organism and the duration of treatment. One 
of the patients of the low viral load group clinically re-
sponded well to the antiviral treatment with a decrease in 
the viral copy number, however the other showed an al-
most static number of virus particles in the CSF after the 
7th day of treatment. Viral drug resistance should be sus-
pected and studied for patients with no decline in viral 
DNA levels. In this context, there are recent reports that 
have demonstrated a relationship between virus load and 

Table 4.  Quantity of HSV DNA per milliliter of CSF according to 
duration of acyclovir therapy from patients of the high viral load 
group (patients 1 and 10) and of the low viral load group (patients 
19 and 22); the limit of detection of the assay is 10 copies of HSV 
genome

Sample collection
interval, days

Viral load,
copies/ml of CSF

High HSV DNA load group
Patient 1 1 4.1×106

7 8.1×104

17 not detected
Patient 10 1 5×104

12 3.2×103

31 not detected

Low HSV DNA load group
Patient 19 1 1×102

7 not detected
Patient 22 1 9.9×102

7 1×103
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the propensity to develop drug-resistant mutants  [22] . 
There are only two studies from India reporting the prev-
alence of acyclovir resistance among the studied HSV iso-
lates  [23, 24] . Therefore, molecular studies such as qPCR 
assay could be adopted to determine the presence of resis-
tant HSV isolates in this geographical location.

  Quantitative analyses of viral load have been shown to 
be useful for the evaluation of human herpes virus infec-
tions of the CNS. It has been reported that the detection 
of HSV DNA in CSF by PCR represents a valuable tool 
for the early diagnosis of HSE. There are several studies 
reporting the PCR method as a rapid, sensitive and non-
invasive means to diagnose HSE in comparison to that of 
a more invasive diagnostic approach, such as brain bi-
opsy. PCR detection of HSV DNA in CSF specimens is 
considered as an emerging ‘gold standard’ for the labora-
tory diagnosis of CNS infections with this virus  [25] . Re-
al-time PCR has been introduced recently for the detec-
tion of HSV genomes in the CSF. In a study, a molecular 
assay based on real-time PCR on the LightCycler ®  instru-
ment was evaluated for rapid detection and quantifica-
tion of HSV DNA in the CSF. It has been shown that 
quantitation of HSV viral load may be useful for assessing 
the prognosis, and may provide additional information 
for the management of HSV infection  [26] . Studies have 
been done for evaluating the role of real-time SYBR Green 
PCR compared to that of real-time TaqMan ®  assay and 
in two studies it was found that real-time SYBR Green 
PCR was equally sensitive in detecting dengue infection 
compared to real-time TaqMan assay, but the SYBR 
Green   assay was found to be an economical alternative to 
TaqMan assay for diagnostic purposes as the use of SYBR 
Green reduced their material costs for diagnosis by half 
compared to other methods that used probes  [27, 28] . 
Another study reported that the SYBR Green-based assay 
was as sensitive as the TaqMan assay for West Nile virus, 
and it detected 100% of possible West Nile virus target 
region variants which TaqMan assay failed to detect  [29] . 
SYBR Green-based qPCR provides a rapid, easy and ac-
curate diagnosis of herpes virus CNS disease including 
viral load as supplementary information.   However, in 
 India as of today, HSE appears to be underdiagnosed, 
probably due to lack of awareness and sensitive diagnos-
tic facilities. Epidemiological studies for viruses are not 
available in many parts of the country due to lack of virol-
ogy research laboratories. Thus, the percentage of cases of 
viral encephalitis and proportion of HSE are difficult to 
estimate. There are no documented studies from India for 
the determination of viral load by real-time PCR in HSE 
patients. Nevertheless, a few studies have addressed the 

potential utility of quantitation of HSV DNA in CSF sam-
ples from HSE patients as a prognostic marker and for 
assessing the response to antiviral therapy. The results 
presented in this study provide observations regarding 
the diagnosis of HSE and the correlation of viral load with 
that of the patients’ clinical and laboratory manifestations 
in a 4-year retrospective study undertaken in a hospital 
setting. There are two HSV genotypes (HSV-1 and -2) 
causing different clinical outcomes in different patient 
populations. Real-time analysis using type-specific prim-
ers revealed the presence of predominantly HSV-1 geno-
type in the study population.

  Conclusions 

 The results show that the determination of viral load 
offers a definite advantage in the detection of the rela-
tively lower levels of viremia (up to 10 copies of genome) 
and establish and compare the clinical characteristics of 
patients associated with the levels of HSV DNA in the 
CSF. It was found that significantly higher viral loads 
were clearly associated with the severity of neurological 
disease. In conclusion, the qPCR assay can be used as a 
prognostic marker since patients with higher viral loads 
of HSV-1 in their CSF are more likely to develop more 
severe neurological impairment while considering the 
presence of lesions, the duration of acyclovir therapy and 
clinical outcome of the disease at the time of completion 
of treatment. Viral load determination can be of potential 
utility for monitoring antiviral therapy in patients with 
HSE. A decline in the number of HSV copies was ob-
served and the patients clinically responded to acyclovir 
therapy in the high viral load group. One of the patients 
of the low viral load group had an almost static number 
of virus particles in the CSF after treatment. This observa-
tion presents a distinct clinical advantage in patients re-
ceiving antiviral medications, which helps to ensure ad-
equate suppression of virus replication in order to moni-
tor for the emergence of drug-resistant HSV mutants. 
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Identification of an immunodominant epitope in glycoproteins B and G of 
herpes simplex viruses (HSV) using synthetic peptides as antigens in assay of 

antibodies to HSV in herpes simplex encephalitis patients
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Summary. – Herpes simplex encephalitis (HSE) is a severe viral infection of the CNS. Assay of antibody 
response is widely used in diagnostics of HSE. The aim of this study was to identify an immunodominant epitope 
determining the antibody response to herpes simplex viruses (HSVs) in cerebrospinal fluid (CSF) of HSE pa-
tients. The synthetic peptides that resembled type-common as well as type-specific domains of glycoproteins 
B (gB) and G (gG) of these viruses were evaluated for binding with IgM and IgG antibodies in CSF samples 
from HSE and non-HSE patients in ELISA. The QLHDLRF peptide, derived from gB of HSV was found to be 
an immunodominant epitope in the IgM and IgG antibody response. The patients with confirmed and suspected 
HSE showed in ELISA against this peptide 26% and 23% positivities for IgM, 43% and 37% positivities for IgG 
and 17% and 15% for both IgM and IgG antibodies, respectively. The total positivities of 86% and 75% for both 
IgM and IgG antibodies were obtained in the patients with confirmed and suspected HSE, respectively. These 
results demonstrate that a synthetic peptide-based diagnostics of HSE can be an efficient and easily accessible 
alternative. This is the first report describing the use of synthetic peptides derived from HSVs in diagnostics 
of HSE using patients’ CSF samples.

Keywords: herpes simplex viruses; herpes simplex encephalitis; synthetic peptide; epitope; IgM antibody; 
IgG antibody
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simplex encephalitis; CSF = cerebrospinal fluid; gB = glycoprotein 
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Introduction

Herpes simplex encephalitis (HSE) is a severe viral in-
fection of the human CNS and the most common cause of 
non-epidemic encephalitis contributing to 10–20% of viral 
encephalitis cases (Banatvala, 2011). There are no specific 
clinical symptoms in HSE that differ from other encephalities 
(Whitley and Soong et al., 1982; Kohl, 1988). The current 

clinical and laboratory analysis for HSE diagnostics are based 
on medical history and examination followed by analysis 
of cerebrospinal fluid (CSF) for the identification of the 
infecting organism by viral cultivation, brain biopsy, PCR 
and serology. However, due to inherent limitations of these 
tests the diagnostics of HSE is always challenging.

Detection of herpes simplex virus (HSV) DNA in CSF 
by PCR is now recognized as the standard laboratory di-
agnostics (Puchhammer-Stöckl et al., 1990; Aurelius et al., 
1991). Serological diagnostics has widely been adopted to 
determine antibody response in HSE (MacCallum et al., 
1974; Koskiniemi and Vaheri, 1982). Several studies have 
reported that, PCR as well as detection of specific antibodies 
in sera and CSF samples should be retrospectively analyzed 
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for the diagnosis of HSE, so as to understand pathogenesis 
and follow the course of the disease (Akçali et al., 2008). 

The approach of peptide synthesis has advanced the use 
of synthetic peptides to study protein-protein interactions 
(Merrifield, 1963). Several immunodiagnostic tests for the 
detection of antibodies have been developed for the detection 
of viral, bacterial and parasitic diseases based on synthetic 
peptides derived from antigenic proteins (Gómara and Haro, 
2007). To our knowledge not much has been reported regard-
ing the use of envelope glycoprotein peptides of the herpes 
simplex virus 1 (HSV-1) and herpes simplex virus 2 (HSV-2) 
in analysis of HSE patients´ CSF by ELISA protocol. The aim 
of this study was to identify an immunodominant epitope 
determining the antibody response to HSV glycoprotein 
B (gB) and G (gG) in CSF of HSE patients. For this purpose 
synthetic peptides resembling type-common as well as 
type-specific domains of HSV gB and gG, respectively were 
prepared and tested in ELISA with IgM and IgG antibodies 
in CSF of HSE-confirmed patients, HSE-suspected patients 
and control subjects. In the ELISA the QLHDLRF peptide 
exhibited the highest positivities for the tested samples from 
HSE patients and consequently was identified as the immu-
nodominant epitope of HSV gB/gG.

Materials and Methods

Study subjects. The study involves patients with suspicion of 
viral encephalitis based on symptoms viz., presence of fever, altered 
mental status (low level of consciousness, behavior or personality 
changes) and other clinical manifestations (e.g. focal neurological 
deficits, seizures), CSF findings showing mild increase in protein, 
glucose often normal and mild pleocytosis. Diagnostics performed 
in the first week of hospitalization included staining for bacterial 
culture, determination of the protein, sugar level and cell counts 
in CSF, computed tomography scan and magnetic resonance im-
aging of the brain. The 40 control subjects used in the study had 
other CNS infections (bacterial, fungal etc.) and non-infectious 
neurological disorders (hypertension, epilepsy, stroke etc.). The 
samples of viral encephalitis patients were further grouped into 
35 confirmed HSE (PCR positive) and 105 suspected HSE cases 
(based on clinical symptoms). The study has been carried out at 
Central India Institute of Medical Sciences, Nagpur, India, and was 
ethically approved. 

Synthetic peptides. The sequences of envelope glycoproteins 
(structural proteins) gB and gG of different strains of HSV were 
retrieved from EXPASY proteomic server-UniProtKB/Swiss-Prot. 
Strains which were used to obtain gB sequence from HSV-1 were 
strain 17: P10211; strain F: P06436; strain Patton: P08665; strain 
KOS: P06437 and from HSV-2 were strain 333: P06763; strain 
HG52: P08666; strain SA8: P24994. The consensus sequence of 
gB of HSV-1 and HSV-2 was obtained by multiple sequence align-
ment by CLC sequence viewer (version 6.6.2). The gG sequences 

were obtained from strain 17: P06484 of HSV-1 and strain HG52: 
P13290 of HSV-2. The antigenic peptides were identified from 
the consensus sequence of gB and from sequences of HSV-1 and 
HSV-2 gG on the basis of online software which uses Kolaskar and 
Tongaonkar method (Kolaskar and Tongaonkar, 1990). Peptides 
were designed with varying antigenicity. The sequence homology 
of peptides was checked with other organisms using NCBI BLAST. 
Both type-common and type-specific peptides were selected (Table 
1). Peptides were custom synthesized from Hongkong GenicBio 
BioTech Co., limited with 95% purity and quantity of 10 mg each 
with no modification and were finally dissolved in concentration 
of 1 mg/ml of PBS.

ELISA. Hundred microlitres of 5 ng/µl of different peptides were 
coated in microtiter wells and incubated for 3 hr at 37°C. The wells 
were then blocked with 0.5% BSA after washing once and kept for 2 
hr at 37°C. The wells were washed and stored at 4°C overnight. Next 
day, diluted CSF (1:5 in PBS) samples were added to the wells and 
incubated for 1 hr at 37°C. After washing the wells with PBS, 100 µl 
of secondary antibody (goat-anti-human IgM/IgG-HRP conjugated 
antibody, 1:10,000, 1:5,000 respectively) was added and incubated 
for 45 min at 37°C. 100 µl of 3,3’,5,5’-tetramethylbenzidine/H2O2 
substrate solution was then added and incubated for 10 min. Color 
development reaction was stopped by adding 100 µl of 2.5N H2SO4. 
The results were read at A450.

Real-time PCR. Total DNA was extracted from 200 µl of CSF 
samples from patients by using a ZR viral DNA kit (Zymo Research, 
USA), according to the manufacturer’s protocol. The amplification 
reactions were carried out using SYBR green and the primers for 
HSV which were described earlier (Bhullar et al., 2013). The cycle 
threshold (Ct) was calculated as the cycle number at which the 

Table 1. Synthetic peptides

Glycoprotein/HSV Peptide Sequence

gG/HSV-1

P-2 LPQSPGPAFPLAE
P-3 NRPVVPS
P-4 TPPTIIGPLA
P-5 MATHLCG
P-6 THPSVRYVCLP
P-8 HTPLFSFLTASPALDTLF

gB/HSV 

P-10 QPRRCPT
P-13 DRAPVPFEEVID
P-14 DHEFVPLEVYT
P-15 DSGLLDYTE
P-16 QLHDLRF
P-17 MKALYPLTT
P-18 RYMALVS

gG/HSV-2

P-19 LPRRVVRH
P-20 SPKTCGSYTY
P-22 EGGPCVPPVPA
P-23 WRSVPPVWYSA
P-25 PYAPFPP
P-26 VDPDVRA
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concentration increase became exponential. The specific target 
amplification was analyzed by melt curve analysis of the StepOne 
real-time PCR system (Applied Biosystems, USA).

Statistical analysis. The cut off values for IgM and IgG were de-
termined using the ROC analysis. In t-test, differences with P ≤0.05 
were considered significant. All the statistical analyses were done 
with the help of MedCalc software (version 10.1.2).

Results

The IgM and IgG antibodies to gB and gG of HSV in CSF 
of HSE patients were detected by using synthetic peptides 
in ELISA. Table 2 and 3 shows the mean value of absorb-
ance for the binding of synthetic peptides to IgM and IgG 
antibodies in CSF from the HSV-infected (confirmed HSE) 

Table 2. ELISA values for the binding of synthetic peptides to IgM antibodies

Peptide
Mean±SD 

P-value Cut-off value
Confirmed HSE (n = 35) Control (n = 40)

P-10 0.35±0.18 0.30±0.08 P=0.1718 >0.408 
P-13 0.32±0.15 0.30±0.08 P=0.4148 >0.37
P-14 0.31±0.15 0.26±0.11 P=0.0897 >0.355 
P-15 0.31±0.14 0.31±0.07 P=0.8179 >0.398 
P-16 0.34±0.12 0.25±0.05 P=0.0001 >0.322
P-17 0.34±0.20 0.30±0.08 P=0.2535 >0.398 
P-18 0.35±0.17 0.29±0.13 P=0.1686 >0.478
P-2 0.31±0.14 0.28±0.11 P=0.3119 >0.316
P-3 0.29±0.12 0.30±0.15 P=0.7601 >0.319
P-4 0.30±0.13 0.28±0.12 P=0.5005 >0.345
P-5 0.29±0.12 0.27±0.14 P=0.5235 >0.293
P-6 0.29±0.12 0.26±0.13 P=0.3176 >0.305
P-8 0.28±0.11 0.24±0.10 P=0.1112 >0.292
P-19 0.33±0.18 0.30±0.19 P=0.4979 >0.417
P-20 0.30±0.12 0.28±0.11 P=0.4640 >0.333
P-22 0.28±0.11 0.27±0.12 P=0.7166 >0.307
P-23 0.29±0.11 0.31±0.17 P=0.5667 >0.294
P-25 0.36±0.17 0.33±0.16 P=0.4445 >0.384
P-26 0.34±0.17 0.28±0.14 P=0.1049 >0.401

Table 3. ELISA values for the binding of synthetic peptides to IgG antibodies

Peptide
Mean±SD 

P-value Cut-off value
Confirmed HSE (n=35) Control (n=40)

P-10 0.40±0.23 0.36±0.13 P=0.3778 >0.487
P-13 0.38±0.19 0.36±0.13 P=0.5984 >0.47
P-14 0.37±0.21 0.31±0.12 P=0.1352 >0.454
P-15 0.39±0.21 0.36±0.13 P=0.3778 >0.487
P-16 0.44±0.18 0.32±0.11 P=0.0012 >0.42
P-17 0.37±0.23 0.31±0.13 P=0.1748 >0.459
P-18 0.36±0.21 0.30±0.17 P=0.1706 >0.546
P-2 0.43±0.12 0.39±0.21 P=0.3410 >0.488
P-3 0.39±0.14 0.34±0.17 P=0.1848 >0.438
P-4 0.40±0.14 0.36±0.21 P=0.3582 >0.476
P-5 0.40±0.14 0.39±0.20 P=0.8113 >0.464
P-6 0.39±0.12 0.36±0.20 P=0.4575 >0.446
P-8 0.45±0.18 0.40±0.31 P=0.4212 >0.521
P-19 0.39±0.13 0.33±0.19 P=0.1323 >0.45
P-20 0.39±0.14 0.37±0.18 P=0.6076 >0.476
P-22 0.37±0.12 0.35±0.18 P=0.5912 >0.433
P-23 0.38±0.12 0.34±0.18 P=0.2843 >0.403
P-25 0.42±0.09 0.37±0.17 P=0.1375 >0.48
P-26 0.41±0.09 0.36±0.15 P=0.1013 >0.48
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and non-HSV infected groups (control group) as determined 
by indirect ELISA method. The mean absorbance value for 
both IgM and IgG antibodies detectable by P-16 in con-
firmed HSE group was found to be significantly elevated as 
compared to control group. No significant difference was 
obtained for the mean absorbance values of confirmed HSE 
in comparison to control group for peptides of gG of both 
HSV-1 and HSV-2.

Table 4 shows the occurrence of IgM and IgG antibodies 
detectable by P-16 in confirmed HSE, suspected HSE and 
control group as determined from the cut-off value of > 0.322 
and > 0.42 for IgM and IgG estimation in CSF samples of 
HSE patients. The positivity for IgM antibodies detectable 
by P-16 was highest in confirmed HSE group (25.71%), 
whereas it was 22.85% in suspected HSE and 2.5% in control 
group. 42.85%, 37.14% and 5% of the cases of confirmed 
HSE, suspected HSE and control group respectively, were 
positive for IgG antibodies detectable by P-16. Considering 
the presence of both classes of antibodies together, 17.14% 
cases of confirmed HSE and 15.23% of the suspected HSE 
group were positive, whereas control group cases showed 
the absence of both the antibodies detectable by P-16. The 
combined positivity showed highest percentage of 85.71% 
in confirmed HSE and 75.23% in suspected HSE group for 
the determination of IgM and IgG antibodies detectable by 
P-16 in HSV infected patients.

Follow up CSF specimens were also obtained for 12 pa-
tients on day 1, 7, 14, and 21 of admission and the positivity 
and negativity of PCR, IgM and IgG antibodies detectable 
by P-16 were determined as shown in Table 5. The IgM or 
IgG antibodies in initial or follow up CSF were detectable in 
all except one case. The IgM antibodies detectable by P-16 
were obtained on day 1 and 7 but not on day 14 and 21 of 
admission. The IgG antibodies detectable by P-16 were ob-
tained in CSF up to day 21 of admission. In one case, PCR 
of the CSF was negative, whereas the IgM antibodies were 
detectable by P-16.

Discussion

HSV is among the widespread viruses known to cause acute 
HSE in humans. The early diagnosis of HSE is difficult as the 
clinical picture of encephalitis caused by HSV is similar to that 
of other viral infections (Bhullar et al., 2011). PCR is although 

recognized as the standard laboratory technique for HSE diag-
nosis, however, it remains negative in cases where CSF has been 
obtained at late times following onset of illness or when the viral 
load is low in CSF. CSF antibody measurements may be useful 
in retrospective diagnosis in such cases. Therefore, analysis of 
IgM and IgG response in CSF may be a useful alternative tool for 
diagnosis of HSE. Detection of herpes virus-specific antibodies 
permits diagnosis of an infection when virologic methods such 
as cultivation, antigen detection, and PCR are impractical, too 
costly, or yield negative results.

Table 4. Positivity for IgM and IgG antibodies detectable by the peptide P-16 in ELISA  
in patients with confirmed and suspected HSE and control subjects

Subjects IgM+/IgG- IgG+/IgM- IgM+/IgG+ Total positivity
Confirmed HSE (n = 35) 09 (25.71%) 15 (42.85%) 06 (17.14%) 30 (85.71%)
Suspected HSE (n = 105) 24 (22.85%) 39 (37.14%) 16 (15.23%) 79 (75.23%)
Control (n = 40) 1 (2.5%) 2 (5%) 0 3 (7.5%)

Table 5. Detection of HSV and IgM/IgG antibodies by the peptide 
P-16 in ELISA in patients on various days after admission

Patient 
No.

Sample 
collection 
interval 
(days)

HSV IgM antibodies IgG antibodies

1
1 Positive Negative Negative
7 Negative Positive Positive

2
1 Positive Positive Positive
7 Negative Negative Positive

3
1 Positive Positive Positive
7 Negative Positive Positive

4
1 Positive Negative Negative
7 Positive Negative Negative

5
1 Negative Positive Negative
7 Positive Negative Positive

6
1 Positive Positive Positive

14 Negative Negative Positive

7
1 Positive Positive Negative

14 Negative Negative Positive

8
1 Positive Negative Negative

14 Negative Negative Positive

9
1 Positive Positive Positive
7 Positive Positive Positive

14 Negative Negative Positive

10
1 Positive Positive Negative
7 Positive Positive Positive

14 Negative Negative Positive

11
1 Positive Positive Positive

14 Positive Negative Positive
21 Negative Negative Positive

12
1 Positive Positive Positive

14 Positive Negative Positive
21 Negative Negative Positive
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HSV-1 infections elicit strong antibody responses to 
the HSV-2 and vice versa due to high sequence homology 
between the two viruses (McClung et al., 1976; Eberle and 
Courtney, 1981). The type common antibody response 
against HSV is mostly attributed to gB, a 904-aa protein and 
a major component of infected cell membranes and virion 
envelopes (Vestergaard, 1980; Cai et al., 1988). Although 
the aa similarity between HSV-1 and HSV-2 is high, the 
envelope gG, a 238-aa long chemokine-binding protein, 
is the only HSV antigen known to induce type-specific 
antibody responses and is therefore used in serological as-
says to discriminate between HSV-1 and HSV-2 infections 
(Ashley, 1998; Görander et al., 2003). These glycoprotein 
sequences were selected to obtain peptides with antigenic 
epitopes on the basis of prediction analysis by Kolaskar and 
Tongaonkar method.

A total of 12 peptides consisting 6 peptides each of HSV-1 
and HSV-2 gG were synthesized and analyzed in cases of con-
firmed HSE and control groups. Studies have been reported 
describing the possibility of HSV serology by using synthetic 
peptides of gG (Levi et al., 1996). Immunodominant type-
specific epitopes for human antibodies have been identified 
and should be useful for type-specific serodiagnosis of HSV-1 
and HSV-2 (Grabowska et al., 1999; Kasubi et al., 2005). 
However, in this study, the selected peptides of gG region 
were not found to be immunodominant epitopes for the 
diagnosis of HSE. There are studies supporting these findings 
which state the limits in reliability of gG based type-specific 
serologic assays for HSV-1 and HSV-2 due to the high rates 
of seroreversion, defined as the change in an individual’s 
antibody status from positive to negative over time, suggest-
ing that their use in HSV acquisitional studies would not be 
useful (Schmid et al., 1999; Cherpes et al., 2003). 

The ideal peptide-based seroassay should combine high 
sensitivity and specificity and should be based on a well-
conserved HSV antigen evoking a strong antibody response 
against antigenic determinants (Bergström and Trybala, 
1996). The sequence of gB is well known to be conserved in 
HSV. Out of 7 peptides selected for type-common sequences 
of HSV-1 and HSV-2 gB, the absorbance values of only one 
peptide (P-16) of gB region showed significant difference 
for antibody analysis in CSF of confirmed HSE and control 
group. Almost 86% of the confirmed HSE cases were found 
to be positive for the presence of IgM and/or IgG antibodies 
using this peptide. There is only one reported study avail-
able which determines immunity induced by peptides cor-
responding to the antigenic sites of gB (Mester et al., 1990). 
It is reported that antibodies in CSF against gB in HSV were 
detected earlier than antibodies to the other viral proteins, 
probably because of high immunogenicity of gB (Kahlon et 
al., 1987). One study demonstrated that gB is presented with 
the same kinetics as a classical early-gene product and it is 
the possibility that gB could be an effective target as HSV 

emerges from latent infection (Mueller et al., 2003). It has 
also been shown that the functional domains of gB involved 
in cell penetration and cell fusion, and the major antigenic 
domains are highly conserved in peripheral and CNS HSV 
isolates (Sivadon et al., 1998) therefore, variation in antibody 
response against this protein could be least suspected.

The P-16 was further used for the determination of an-
tibodies in PCR negative cases but suspected for HSE on 
the basis of clinical and other laboratory analyses. In our 
study, out of 105 PCR negative cases, approximately 75% 
of the cases were positive for IgM or IgG antibodies detect-
able by P-16. Failure of the PCR in HSE patients where 
intrathecal antibody response is obtained has been reported 
(Puchhammer-Stöckl et al., 2001; Fomsgaard et al., 1998). 
Therefore, antibody detection using P-16 can be pursued in 
cases where there is high suspicion of HSV infection of the 
CNS and PCR of the CSF was negative.

In addition to that, approximately 14% of PCR positive 
cases were not found to be positive for the presence of any 
of the antibodies detectable by the particular peptide. To 
rule out the possibilities, the IgM and IgG antibodies were 
detected in follow up CSF samples of 12 patients from whom 
the CSF was obtained on day 1, 7, 14 and 21 of admission. 
The IgM antibodies detectable by P-16 were obtained on day 
1 and 7 of admission, however it was not found on day 14 and 
21. The IgG antibodies detectable by P-16 were obtained in 
CSF on day 7, 14 and 21 of admission. All the 12 cases were 
PCR positive in CSF collected at day 1 except one case where 
the IgM antibodies were detectable by P-16. Thus, in cases 
where CSF shows negativity for HSV DNA, the IgM or IgG 
antibodies could be detected. This finding could be helpful in 
improved diagnostics of the disease and early administration 
of antiviral therapy. There were some cases in which the first 
CSF of follow up samples showed negativity for antibodies. 
The CSF samples of patients had been collected in between 4 
to 12 days after the onset of illness in patients. Previous study 
explains why the sensitivity of this method is time depend-
ent. One study has reported similar specificity in early and 
late samples, but an increased sensitivity up to 90.5% if the 
samples were collected more than 1 week after the onset of 
symptoms (Sauerbrei and Wutzler, 2002).

There are very few Indian publications for determining 
the incidence of HSE in India (Satishchandra et al., 1993; 
Gambhir et al., 1999). There are only two Indian studies 
that determined the serological profile of patients with HSE 
(Ratho et al., 1999; Panagariya et al., 2001). As far as we 
know, this is the first report describing the use of synthetic 
peptide of HSV for serological diagnosis in HSE patients. 
We conclude that this synthetic gB peptide with sequence 
QLHDLRF may be useful for detecting IgM or IgG antibodies 
in CSF of HSE patients. The peptide based ELISA is specific 
and sensitive as compared to detection of the virus by PCR. 
The method is inexpensive and reliable.
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