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Diagnosis of viral central nervous system infections using antipeptide antibody
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Summary. – Viral infections of the central nervous system (CNS) occur sporadically and have been extensively studied because of the potential for permanent neurological damage or death. The neurotropic viruses
have been reported to lead to various CNS infections. The objective of the present study is to develop an antigen
detection ELISA protocol for detection and quantification of viral antigen in CNS infections by assessing the
usefulness of antipeptide antibodies against potential peptides of cytomegalovirus (CMV), Epstein-Barr virus
(EBV), varicella zoster virus (VZV), Japanese encephalitis virus (JEV), dengue (DENV), West Nile virus (WNV)
and Chandipura virus (CHPV). A total of 182 cerebrospinal fluid (CSF) samples from confirmed, suspected and
non-viral infections of the CNS were evaluated using panels of antipeptide antibodies against synthetic peptides
of viral proteins. The cases of confirmed and suspected viral infections of the CNS showed 77% and 11% positivity, respectively, for the detection of viral antigen using antipeptide against synthetic peptides of CMV, EBV,
VZV and JEV. The concentration of viral antigen was also obtained by using antipeptide of respective viruses
in CSF from both the groups. The viral antigen concentration was also correlated with viral load in confirmed
cases of viral infection of the CNS. This study demonstrates the use of antipeptide against synthetic peptide
derived from CMV, EBV, VZV and JEV in diagnostics of viral infections of the CNS using patients' CSF samples.
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Introduction
Viral infections of the central nervous system (CNS) may
be presented with a variety of neurological symptoms, most
commonly dominated by either encephalitis or meningitis,
however, the incidence of these cases is ambiguous. The
neurotropic viruses have been reported to lead to various
CNS infections. The viral infections of the CNS occur sporadically, endemically or in outbreaks (Griffin, 2010). Among
the identified pathogens, the common agents of viral CNS
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infections are herpesviruses including cytomegalovirus
(CMV), Epstein-Barr virus (EBV), varicella zoster virus
(VZV), flaviviruses, including Japanese encephalitis virus
(JEV), dengue virus (DENV), West Nile virus (WNV) and
rhabdoviruses such as, Chandipura virus (CHPV) (Tandaleet
al., 2008; Tang et al., 1997; Glaser et al., 2003, 2006). Human
infections caused by herpesviruses are ubiquitous and more
than 90% of adults worldwide have been infected with EBV,
VZV, and CMV before their adolescence (Macsween et al.,
2003; Mueller et al., 2008; Manicklal et al., 2013). In seasonal
viral infections, various outbreaks of flaviviruses such as JEV,
WNV, and DNV are reported worldwide (Misra et al., 2010;
Marfin et al., 2001; Pinheiro et al., 1997). Similarly, every
year in high endemic regions of India flavivirus infections
are reported with high fatality rates (Paramasivan et al., 2003;
Varatharaj, 2010; Tiwari et al., 2012). CHPV infections are
also reported in India with more than 75% mortality rate
(Chadha et al., 2005).
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The diagnostics of viral infections of the CNS is always
challenging, as initial neurological symptoms of many
viruses are similar to different causes of CNS infections.
Rapid and accurate diagnostics of viral infections of the
CNS are important for antiviral treatment or epidemiological and pathological investigation. Clinical diagnosis
of viral infections of the CNS is based on the neurodiagnostic test such as electroencephalogram; computerized
tomography scans (CT) and magnetic resonance imaging
(MRI). These tests usually establish the presence of viral
infections in the CNS, but do not show the etiological cause
(Whitley, 1990). Currently, laboratory diagnostics of viral
infections of the CNS is based on isolation of virus from
clinical samples, serological detection of virus-specific
intrathecal antibody response and nucleic acid detection
methods such as polymerase chain reaction (PCR) assays. Isolation of viruses is the gold standard method, but
it is slow, time-consuming, expensive and requires the
sophisticated laboratory. Although PCR-based methods
are rapid, more sensitive and used for early and accurate
diagnosis, but the high cost of the assays and requirement
of specialized laboratory equipment limits its application.
The detection of antibody requires 5-6 days for the patients
to develop antibody response and there are issues of crossreactivity of antibody in same family members of viruses;
and thus, it has less implications for early and accurate
diagnosis (Ratcliff et al., 2007; Storch, 2000; Mansfield et
al., 2011). Therefore, the detection of viral antigen can be
an alternative to virus isolation, detection of viral nucleic
acid and antibody response in the diagnostics of viral CNS
infections (Kashyap et al., 2010, 2015).
Antipeptide antibody is used as a safe and specific tool in
biological research for diagnostics (Saravanan et al., 2004).
The present study describes a method in which antipeptide
antibodies were evaluated against viral synthetic peptides for
the detection of antigen in clinical samples by an in-house
ELISA method. Antigenic peptide determination of respective viral proteins was carried out by using online software
which uses Kolaskar and Tongaonkar method (Kolaskar et
al., 1990).Total of 10 immunogenic peptides of viral proteins
namely, glycoprotein B (gB) of CMV, glycoprotein E (gE)
of VZV, glycoprotein E (gE) of WNV and glycoprotein
G (gG) of CHPV, early antigen-diffuse (EA-D) of EBV, premembrane protein (prM) of JEV and non-structural proteins
(NS) of DENV were targeted for peptide synthesis (Haumont
et al., 1996; Fox and Houghton, 1989; Britt et al., 1988; Wang
et al., 2001; Cardosa et al., 2002; Jacobs et al., 2000; Cherian
et al., 2012).These synthetic peptides were then used for
the production of antipeptide by immunizing the rabbits
against the peptides conjugated to KLH. The antipeptides
were screened in clinical samples of suspected and conﬁrmed
viral infections of the CNS patients for the development of
antigen-based ELISA. The purpose of the study is to detect
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the viral antigen using antipeptide antibodies for diagnostics
of viral infections of the CNS.
Material and Methods
Patient's selection and sample collection. The CSF was drawn from
patients admitted to Central India Institute of Medical Sciences,
Nagpur, India with suspected viral infections of the CNS. Inclusion
criteria involved the presence of fever, headache, altered mental
status (low level of consciousness, behavior or personality changes)
and other clinical manifestations (e.g. focal neurological deficits,
seizures), cerebro-spinal fluid (CSF) findings showing a mild
increase in protein, glucose often normal and mild pleocytosis.
Neurological diagnostic investigations were performed during the
first week of hospitalization; these investigations included bacterial
staining (acid fast staining) and culturing, determination of the
protein level, sugar level and cell counts in CSF and neuroimaging of the brain (CT scan and MRI). Approximately 2 ml of CSF
(by a standard lumbar puncture) from 182 patients was collected
before treatment and from some of the patients whenever possible
during treatment. The clinical data of patients were prospectively
collected on case record forms. All the samples were stored at -20°C
until further analysis. Clinically, all the patients were divided as
discussed below.
Confirmed viral infections of the CNS group (n = 13).Viral
infections of the CNS were confirmed by real-time PCR assay in
CSF samples.
Suspected viral infections of the CNS group (n = 104).This group
included patients with acute onset of fever and clinical features
consistent with viral encephalitis, CSF finding showed the mild
increase of proteins and glucose and tested CSF samples were
negative by real-time PCR.
Noninfectious neurological disorders (n = 40). Patients who had
no evidence of CNS or extra-CNS bacterial or viral infections
were grouped in the non-infectious neurological disorders group.
Patients included in this group had hypertension, status epilepticus,
stroke, or other disorders.
Other infectious cases (n = 25). Patients included in this group
had tuberculous meningitis (TBM) or pyogenic meningitis. A diagnosis of TBM was based on clinical features including subacute
or chronic fever with features of meningeal irritation such as
a headache, neck stiffness, and vomiting, with or without other
features of CNS involvement.
Ethics statement.The study was approved by the Ethical Committee of Central India Institute of Medical Sciences, (CIIMS),
Nagpur (ciims/Res/02/14). An informed consent was obtained
from all the patients.
Quantitative real-time PCR assay. The viral nucleic acid was
extracted from CSF samples using ZR viral RNA/DNA isolation
kit (Zymo research, USA). The amplification reaction was carried out for all selected viruses using the set of primers (Table 1).
The amplification reactions were carried out in a total volume of
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Table 1. Oligonucleotide primers for all the viruses

Sr. No.

Virus

References

Primer sequence

1

CMV

Schaade et al., 2000

2

EBV

Huang et al., 2004

3

VZV

Huang et al; 2004

4

JEV

Santhosh et al., 2007

5

WNV

Parida et al., 2004

6

DENV (1,2,3,4)

Lanciotti et al., 1992

7

CHPV

Chadha et al., 2005

F-CCGCAACCTGGTGCCCATGG
R-CGTTTGGGTTGCGCAGCGGG
F-CAGTGCCTCCGCCTGAGCCGCT
R- GGTCAGATTTTGCAATATATTT
F-TTAGTCCGCGCGGCCATGAATC
R-ATAAAACCTCCTCTAGGACATG
F-AGAGCGGGGAAAAAGGTCAT
R-TTTCACGCTCTTTCTACAGT
F-TGGATTTGGTTCTCGAAGG
R-GGTCAGCACGTTTGTCATT
D1-TCAATATGCTGAAACGCGCGAGAAACCG
D2–TTGCACCAACAGTCAATGTCTTCAGGTTC
TS1 5'-CGTCTCAGTGATCCGGGGG-3'
TS2 5'-CGCCACAAGGGCCATGAACAG-3'
TS3 5'-TAACATCATCATGAGACAGAGC-3'
TS4 5'-CTCTGTTGTCTTAAACAAGAGA-3'
F-GAGAATGCGACCAGTCTTAT
R-TGCAAGTTCGAGACCTTCCAT

10 µl, containing 1 µl of template DNA and cDNA (SuperScript®
III First-strand synthesis system, Invitrogen, USA), 5 µl of Power
SYBR® Green PCR master mix (Applied Biosystems, USA), 1 µl
each of (0.5 µmol/l) forward and reverse primer (Sigma, US), and
2 µl of sterile water. The amplification conditions consisted of preincubation at 95°C for 10 min and two steps (40 cycles) at 95°C
for 15 s and 60°C for 1 min for CMV, EBV, VZV virus, 55°C for
DENV (1, 2, 3, 4) JEV, WNV and CHPV. The quantification cycle
(Ct) was calculated as the cycle number at which the concentration
increase became exponential. A negative control was also included
in PCR assay.
Antipeptide production. Synthetic peptides of 95% purity as
determined by mass spectrometry and HPLC were used for the
production of antipeptide. Rabbits were immunized with synthetic
peptides (Table 2) conjugated to KLH. The antibodies were affinity purified with the Protein A affinity matrix and then dialyzed

against PBS buffer. The anti-peptide was custom synthesized from
Hongkong GenicBio Tech Co., Limited.
ELISA. One hundred microliters of CSF dilutions (1:5) from
viral CNS infected patients was added to the microtiter plates. The
plates were incubated at 37°C for 90 min. Blocking with 0.5% BSA
in PBS was done for 45 min at 37°C. After antipeptide washing
with PBS, antibodies (1:10,000 dilutions) were added and the plates
were incubated at 37°C for 45 min. After incubation, the wells were
washed and goat anti-rabbit IgG-horseradish peroxidase secondary
antibody (Bangalore Genei. India) was added (1:10,000 dilution).
The wells were then incubated for 45 min at 37°C. After another
wash with PBS, 100 µl of the TMB-H2O2 substrate solution (Science Products Inc., USA) was added to the wells and incubated at
room temperature for approximately 10 min. The reaction was then
stopped with 100 µl of 2.5 N H2SO4. The absorbance in each well
was measured at 450 nm. Negative reference control was selected

Table 2. List of viral proteins and their peptide sequences used for the production of antipeptides
Sr. No.

Viruses

Viral proteins

Peptides sequence

1
2
3
4
5
6
7
8
9
10

CMV
EBV
VZV
DENV-1
DENV-2
DENV-3
DENV-4
JEV
WNV
CHPV

glycoprotein B
early antigen D
glycoprotein E
nonstructural protein NS1
nonstructural protein NS2
nonstructural protein NS3
nonstructural protein NS4
pre-membrane protein prM
glycoprotein E
glycoprotein G

RSSNVED
TASSLQK
SVYEPYYHSD
EEGVCGI
ITPELNH
SPKRLATAI
SSEVCDH
GESSLVN
GEVTVDC
IDGPVLK

Antipeptide
A5
B3
C2
D2
D3
D5
D8
E3
F1
G3
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Table 3. Mean ± SD, absorbance and p-value with cut-off value determined by ROC analysis of antipeptide
Viruses
CMV
EBV
VZV
DENGUE1
DENGUE2
DENGUE 3
DENGUE 4
JEV
WNV
CHPV

Antipeptide
A5
B3
C2
D2
D3
D5
D8
E3
F1
G3

Test (n = 117)

Control (n = 65)

Mean ± SD
0.34±0.08
0.36±0.18
0.36±0.17
0.32±0.07
0.33±0.08
0.32±0.07
0.33±0.07
0.36±0.14
0.21±0.07
0.20±0.10

0.25±0.09
0.27±0.12
0.25±0.09
0.25±0.09
0.26±0.09
0.25±0.09
0.25±0.09
0.25±0.10
0.22±0.07
0.18±0.10

p-value

Cut-off value

95% confidence
interval

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.3570
0.1977

>0.247
>0.223
>0.243
>0.236
>0.287
>0.227
>0.243
>0.302
>0.247
>0.251

0.687 to 0.822
0.625 to 0.770
0.666 to 0.805
0.634 to 0.777
0.641 to 0.783
0.625 to 0.770
0.660 to 0.800
0.681 to 0.818
0.649 to 0.791
0.640 to 0.783

and pathological analysis and neuroimaging observations.
Evaluations of all CSF samples were done for the detection
of viral antigen using antipeptide antibodies in an ELISA
protocol. A total of 10 antipeptides were synthesized against
immunogenic proteins of selected viruses and then used for
detection of viral antigen (Table 2).
Mean±SD value of absorbance of all the antipeptides used
for detection of viral antigen in CSF samples of confirmed
and suspected viral infections of the CNS cases and control
groups as determined by indirect ELISA along with their
p-value and cut-off value were determined by ROC analysis
(Table 3). The significant p-values (p <0.0001) were obtained
for antipeptide of A5, B3, C2, D2, D3, D5, D8, E3 against
the synthetic peptide of CMV, EBV, VZV, DENV (1, 2, 3, 4
serotypes) and JEV, respectively. However, no significant pvalue was obtained for WNV and CHPV antipeptide.
The total positivity of viruses by antigen ELISA in all the
selected patient groups, namely, confirmed, suspected, noninfectious neurological disorder and other infectious cases
are shown in Table 4. A positivity of 77% was obtained in
confirmed cases. Out of 13 confirmed cases by PCR for EBV,
VZV and JEV, a total of 10 cases were positive by antigen
ELISA. Two cases each were positive for EBV and VZV and 6
cases were positive for JEV. Similarly, in 104 cases of suspected
viral CNS infections, 11 cases were positive for viral antigen.
Out of these 11 cases, 1 case was positive for CMV, 5 for EBV,
2 for VZV and 3 for JEV. Therefore, a total of 21 cases showed

from pooled CSF of non-viral infections of the CNS patients and
viral synthetic peptides were used as positive reference control. The
positive CSF control, negative CSF control and sample blank (PBS)
were used as controls. Three replicates of positive and negative controls were included in each ELISA plate along with the test sample.
Standard curve ELISA for antigen concentration estimation.
Viral peptides of respective viruses were used as a standard for the
generation of the calibration curve. These standards were diluted
with CSF of non-viral infected patients and assayed at the same
time as the specimens. The absorbance log A450 was plotted vs. log
peptide concentration and concentrations in each specimen were
calculated from the calibration curve.
Statistical analysis. All statistical analyses were performed using
MedCalc software (version 10.1. 2). The selection of cut-off point
was performed with a Receiver Operating Characteristic Curve
(ROC) analysis and p-value of <0.05 was considered statistically
significant.

Results
The CSF samples of 117 patients admitted to the neurological department of a tertiary care centre with suspected
viral encephalitis were collected during a 2 year period and
categorized into suspected viral CNS infection and confirmed viral infections of the CNS groups based on PCR
assay results, clinical history, biochemical, microbiological

Table 4. Total positivity of viruses in viral CNS infection cases by antigen detection ELISA
Category of samples
Confirmed viral CNS infections (n = 13)
Suspected viral CNS infections (n = 104)
Non-infectious neurological disorder (n = 40)
Other infectious cases (n = 25)

CMV

EBV

VZV

JEV

DENV
(1,2,3,4)

WNV

CHPV

Total positivity
of viruses

0
1
0
0

2
5
0
0

2
2
0
0

6
3
0
0

0
0
0
0

0
0
0
0

0
0
0
0

77%
11%
0%
0%
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Fig. 1
ELISA standard curve with a regression equation for the determination
of antigen concentration using antipeptide

positivity for viral antigen in CSF by antigen ELISA. In noninfectious neurological disorder and other infectious cases,
no positivity was obtained for viral antigen in CSF samples
of patients suggesting no cross-reactivity by the antipeptides.
Table 5 shows concordance for the diagnosis of viral CNS
infections by both antigen ELISA and real-time PCR assay.
Only 1 case was positive for CMV in the PCR-negative
group and thus 88% concordance was obtained for CMV.
Similarly, for EBV and VZV, 86% and 89% concordance was
achieved between both the tests, respectively. The highest
Table 5. Concordance between antigen ELISA and PCR
Antigen ELISA
CMV positive (n = 1)
CMV negative (n = 116)
EBV positive (n = 7)
EBV negative (n = 110)
VZV positive (n = 4)
VZV negative (n = 113)
JEV positive (n = 8)
JEV negative (n = 109)
DENV positive (n = 0)
DENV negative (n = 117)
WNV positive (n = 0)
WNV negative (n = 117)
CHPV positive (n = 0)
CHPV negative (n = 117)

PCR positive PCR negative Concordance
(n = 13)
(n = 104)
(%)
0
13
2
11
2
11
6
7
0
13
0
13
0
13

1
103
5
99
2
102
2
102
0
104
0
104
0
104

88
86
89
92
88
88
88

Fig. 2
Correlation between concentration of viral antigen and viral DNA in
CSF of confirmed cases

agreement of 92% was achieved between both tests in JEV
cases. In cases of DENV (1, 2, 3, 4) WNV and CHPV the
concordance was 88%.
The mean antigen concentration against A5, B3, C2
and E3 antipeptide of CMV, EBV, VZV and JEV in CSF of
confirmed and suspected viral infections of the CNS groups
were also comparable (Table 6). In suspected cases of viral
infections of the CNS higher concentrations of viral antigen
were detected for EBV and VZV as compared to confirmed
cases where as, higher level of JEV was detected by PCR
confirmed cases. The concentration of viral antigen in CSF
samples of patients was determined by plotting the standard
curve. A standard curve was obtained by using the different
concentrations of synthetic peptides and particular dilutions
of respective antipeptides. The sample assay values were
determined from the absorbance using regression equations
of the standard curve (Fig. 1).
The quantity of viral antigen as determined by ELISA using
antipeptides and known viral load of PCR-positive samples
were subjected to correlation plot (Fig. 2) and the correlation
of amount of viral antigen (log10 ng/ml) and viral load (log10
copies/ml) revealed significant p-value, correlation coefficient
(p = 0.0082, r = 0.7768) and 95% confidence interval. The load
of viral DNA in clinical samples was determined by real-time
PCR assay and it varied from 1.5 x 102–1.1 x 105 copies/ml
of CSF samples for respective viruses.

Table 6. Comparison of concentration of viral antigen in antigen ELISA positive samples
Subjects
Confirmed viral CNS infection cases (n = 10)
Suspected viral CNS infection cases (n = 11)

Range (ng/ml)

Mean antigen (ng/ml)

CMV

EBV

VZV

JEV

CMV

EBV

VZV

JEV

0
8791

8964-9380
8686-12000

8130-8678
8914-13154

7839-10728
7886-8410

0
8791

9172
9765

8404
11034

8682
8152
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Discussion
Viral infection of the CNS may result in severe disability
and even death of the patients if it remains undiagnosed for
a longer time. An accurate identification of viral etiology is
essential for better treatment and management of patients
and also to reduce the mortality and morbidity. Currently,
the diagnostics of viral infections of the CNS by most laboratories is based on a few basic methods such as viral isolation
and identification, nucleic acid amplification assay (RT-PCR)
and detection of antibody response. Viral culturing is recognized as a gold standard, but it is difficult to isolate some of
the viruses from clinical specimens because of low viremia.
The molecular diagnostic tests are rapid and standard, but
poses certain intrinsic disadvantages as, time-consuming
and labour demanding which prevent their acceptance for
routine diagnostics. Although the serological diagnostics
such as antibody detection has little diagnostic value as it can
generate false-positive or false-negative result when two or
more flaviviruses are circulating (Storch, 2000; Ratcliff et al.,
2007; Mansfield et al., 2011). A single serological method is
merely indicative of recent infection and cannot be used for
the diagnosis of acute infections. Therefore, a more simple
and rapid method is required for detection of viral etiology
which is helpful for early administration of antiviral therapy.
The antigen detection ELISA has attracted more attention
amongst the other serological methods as it can serve as
a marker during acute viral infections for early diagnostics
(Desai et al., 1994; Shukla et al., 2009; Kashyap et al., 2010,
2015; Kumar et al., 2011).
In the present study, we developed a simple and rapid
in-house antigen detection ELISA method using antipeptide
antibodies against a potent peptide of the immunogenic protein of respective viruses for diagnostics of viral infections of
the CNS. In suspected cases of viral infections of the CNS,
antigen detection is an alternative to the other methods. This
method was evaluated in the CSF collected from suspected
cases of viral infections of the CNS and PCR-confirmed
cases. Some limited studies have been reported based on
the evaluation of antipeptide antibody for antigen detection
in the clinical samples for the diagnostics of viral and other
infections (Saravanan et al., 2004; Kashyap et al., 2015).
The data demonstrate the assessment of antigen detection
assay on the basis of the indirect ELISA method for the detection of viral antigen in CSF samples of viral encephalitis
patients with additional information on the estimation of
antigen concentration. In our study, out of 104 cases, negative in PCR, approximately 11 cases were positive in antigen
ELISA for CMV, EBV, VZV and JEV. The observations prove
that antipeptide antibodies have the ability to detect viral
antigen in highly suspected cases of viral encephalitis where
PCR of the CSF is negative. Some studies in India have also
reported the significance of antigen detection ELISA in CSF
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for diagnostics of viral infections (Kashyap et al., 2010, 2015;
Kumar et al., 2011; Desai et al., 1994; Shukla et al., 2009).
None of the samples from non-infectious neurological disorder and other infectious groups showed viral etiology. We
believe that the antipeptide based ELISA may also be used
to detect viral antigen in an acute phase of illness when PCR
is negative. Thus, it can also help in identification of viral
etiology in outbreaks in the endemic region of India where
two or more flaviviruses are circulating.
The antigen detection ELISA revealed good correlation
with real-time PCR as the antigen concentration obtained
using antipeptide in ELISA correlated well with viral DNA
load. There have been some studies reporting the correlation
of antigen concentration with viral load in the diagnostics of
viral infections of the CNS (Kashyap et al., 2015; Marchetti
et al., 2011; Sutthent et al., 2003). Therefore, the correlation
between antigen ELISA and PCR suggested that the viral
copies in CSF are proportional to the concentration of viral
antigen and hence can be used as a viral load marker. Additionally, there are some advantages of antigen ELISA assay
as compared with continuation of viral nucleic acid by PCR,
including, sample preparation, which is simpler, and the test
can be performed with equipment already available in most
laboratories at a considerably low cost.
The antigen detection assay, which we have developed
in our laboratory also measures the level of viral protein in
CSF samples which is helpful in the earlier stage of infection. Moreover, the antigen ELISA has some advantage over
nucleic acid amplification assay as it is simple and provides
a quantitative analysis. The results indicate that the antipeptide antibody can be used as a powerful tool for detection of
viral antigen. However, our study has some limitation as our
institute is a tertiary care centre and a limited number of patients are included, therefore, further work is also needed on
a much larger population. In summary, the antigen detection
assay may not only be useful in initial screening purpose of
viral infections of the CNS but also useful in highly suspected
cases of viral infection. The assay is rapid, cost-effective and
may be useful as an efficient tool for clinical diagnostics,
quantification and surveillance of viral infection especially
in developing countries.
Acknowledgment. All authors would like to acknowledge Central
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