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Abstract 
 
Objective(s) 
Herpes simplex viruses (HSVs) have widespread and ubiquitous prevalence in the human population and 
they have received a great deal of attention due to the range of diseases, they caused as a result of an 
infection. It seems that the fast and reliable diagnostic methods are needed for detecting the herpes simplex 
virus type 1 (HSV1) antibodies especially in patients with HSV encephalitis, immunocompromised people, 
and neonatal infections. The aim of this study was designing a Western blotting method for HSV1 antibody 
detection, using the purified virus by sucrose density gradient centrifugation procedure. 
Materials and Methods 
 The most reliable method for HSV detection is virus neutralization test but it needs cell culture preparation, 
high expertise, as well as the high amounts of serum samples. Considering the difficulties of this method, we 
tried to run a new one for HSV antibody detection by propagating the viruses and then purify them by 
sucrose density gradient centrifugation method. The purified viruses used as antigens in Western blotting 
assay. 
Results 
Diluted sera (1:100, and 1:200 dilutions) used in Western blotting and two-fold dilutions of the sera applied 
in virus neutralization test. Five of twenty seven samples were negative in Western blotting and the same 
results obtained in virus neutralization test. Comparing with our gold standard, the sensitivity and specificity 
of the developed assay were both 100%. 
Conclusion 
Our results show that the designed method is a reliable method for replacing the virus neutralization test in 
diagnostic laboratories. It can also, be used for confirming the ELISA results. 
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Introduction 
Herpes simplex virus (HSV) is an enveloped, 
double stranded DNA virus which is an 
important human pathogen (1-5). The virus 
infects mucosal epithelium or damaged 
cutaneous epithelium and causes many kinds 
of human diseases including cold sores, eye 
and genital infections, and encephalitis (6-8). 
HSV is one of the most widespread human 
viral infections. HSV becomes latent in the 
proximal ganglion following the initial 
infection, and can be reactivated for life (9, 
10). The virus infection is the most common 
cause of sporadic, fatal encephalitis, and its 
incidence is approximately 40 to 50 cases per 
year (8, 10, 11).  

Different methods are used for HSV 
antibody detection including Enzyme-linked 
immunosorbent assay (ELISA), 
Immunoflorcent (IF), and virus neutralization 
test (VNT), but virus neutralization tests are 
more narrowly specific than other serological 
tests such as ELISA or IF (12). VNT needs to 
be done in eukaryotic cell culture systems.   

The HSV can grow in a variety of 
fibroblastic and epithelial cell types, causing a 
characteristics cell rounding or ballooning 
which develops within a few days and spreads 
rapidly. In combination with clinical 
presentation, the development of characteristic 
cytopathic effect (CPE) in culture is an 
instrument for diagnosis but it is necessary the 
CPE is confirmed by a variety of 
immunocytochemical or antigen capture tests. 
There are many difficulties to make cell 
culture as an expert, as well as, the virus is 
sensitive to dissociation and swabs should be 
kept in transport medium and cultured as soon 
as possible. PCR and real time PCR can detect 
the viral genome and sometimes (especially in 
encephalitis), virus isolation or its genome 
detection is difficult; therefore the other 
methods are required for HSV-1 diagnosis 
(13). In this regarad, the serological techniques 
based upon antibody reactivity to HSV have 
been useful for assessment of diagnosis and 
the seroprevalence of infection. Some 
serological methods especially ELISA, have 
good sensitivity but their specificity is low; 
therefore their positive results should be 

confirmed by a specific method. Western 
blotting method is a specific and reliable 
technique for confirming the ELISA positive 
results. For the present study, a novel method 
was used for detecting the HSV antibodies in 
human serum samples. In this method, the 
whole HSV-1 particles propagated and 
purified using sucrose density gradient 
centrifugation procedure. Then, the purified 
viruses used as antigen in Western blotting 
method for detecting the virus.  
 
Materials and Methods 
Virus and cell line 
A wild type of herpes simplex virus isolated 
from labial vesicles of a patient and identified 
as HSV1, using monoclonal antibody. The 
virus propagated in Vero cell monolayer in 
Dulbecco’s Modified Eagle Medium (DMEM) 
supplemented with 5% heat inactivated 
newborn-calf serum, 100 IU/ml penicillin and 
100 µg/ml streptomycin at 37 ºC with an 
atmosphere of  5% CO2 (14).  
 
Virus preparation 
Vero cells infected at a multiplicity of 
infection (moi) of 0.1 PFU/ cell, and viruses 
harvested from the growth medium when more 
than 75% of the cells showed the virus 
cytopathic effects (CPEs). 
 
Virus titration by 50 percent tissue culture 
infectious dose (TCID50) method 
TCID50 method used for determining the virus 
titer that required for VNT techniqe. Initially, 
Vero cell monolayer was prepared in a 48-well 
plate. One log serial dilutions (10-1-10-6) of the 
virus made in serum-free DMEM. Each 
dilution used for infecting four wells of the 
plate and CPE results considered by 
comparing with positive (virus without any 
dilution) and negative control (just cells) wells 
(15, 16).  
 
Purification of the virus by sucrose density 
gradient centrifugation 
Vero cells infected at a multiplicity of 
infection (moi) of 0.1 PFU/ cell. After 
appearing the CPEs, the viruses harvested 
from the growth medium and purified on 
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gradients of 30%, 40%, 50%, and 60% 
sucrose. Briefly, cell debris removed by 
centrifugation at 8000 g and 4 °C for 30 min 
and virus supernatant concentrated by 
precipitation at 100000 g for 2 hr from the 
clarified medium. The pellet re-suspended in 
TNE buffer, pH 7.5 (0.1 M Tris-HCl, 0.1 M 
NaCl, 0.001 M EDTA) and then purified on 
30%- 40%- 50%- 60%- sucrose-TNE step 
gradient at 75000 g for 5 hr. Purified viruses 
collected, centrifuged at 80000 g and 4 °C for 
2 hr then re-suspended in 500 µl TNE, stored 
at -80 °C and used as antigen in Western 
blotting.  
 
Sample collection 
Twenty seven serum samples collected from 
volunteers with or without history of herpetic 
disease. Three neonate serum samples which 
were HSV negative by ELISA, used as 
negative controls. 
 
SDS-PAGE and Western blotting 
Purified virus in sucrose density gradient 
centrifugation mixed with electrophoresis 
sample buffer (50 mM Tris pH 8.6, 10% 
glycerol, 2% W/V sodium dodecyl sulfate 
(SDS), and 0.1% bromophenol blue, (non 
reduced method)) and boiled for 10 min. 
sodium dodecyl sulfate-polyacryl amide gel 
electrophoresis (SDS-PAGE) performed in 
12% polyacrylamide and the separated 
proteins, then transferred to nitrocellulose 
paper. Bounded proteins on the nitrocellulose 
reacted with total HSV1 antibody, after 
blocking in 5% gelatin. All serum samples 
diluted by 1:100 and 1:200, then analyzed with 
Western blotting. Antibody against HSV1, 
detected by reacting the blots with alkaline 
phosphate- conjugated anti human antibody 
and visualizing by diaminobenzidine (DAB) as 
a substrate (17, 18). 
 
Virus neutralization test (VNT) 
Twenty seven serum samples collected from 
volunteers with or without history of herpetic 
disease and three negative sera tested for 
detection of neutralizing antibodies. Briefly, 
two fold dilutions of heat inactivated of each 
serum ranging from 1/2 to 1/256 prepared in 

serum-free DMEM. Each dilution incubated 
with 100 TCID50 of HSV1 for 1h at 37 °C, in a 
total volume of 200 µl. Duplicate 100µl 
samples added to Vero cells in 96-well micro 
titer plates. All inoculated cells including 
positive and negative controls added to  DMED 
containing 2% heat inactivated newborn-calf 
serum and incubated at 37 °C. The 
neutralization titer of each serum considered as 
the reciprocal of the highest dilution, preventing 
CPE in the inoculated cells.  
 
Results 
Figure 1 shows Vero monolayer cells. These 
cells are established from the kidney of a 
normal adult African green monkey. They are 
adherent with fibroblastic appearance. The 
virus cytopathic effects appeared, twelve to 
twenty four hr after the cells were infected 
with HSV-1. HSV-1 CPE on Vero cells is 
shown in Figure 2. The important sign of CPE 
appearance in the cells includes ballooning of 
the infected cells and multinucleated giant 
cells formation.  

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Vero monolayer cells. The cells are adherent 
with fibroblastic appearance. 

 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Cytopathic effects of HSV-1 on the Vero cells. 
The CPE includes ballooning of infected cells and the 
multinucleated giant cells formation (arrows). 
 

CPE detected in infected cells and the ratio 
of the CPE positive wells to CPE negative 
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wells recorded (Table 1). Then, TCID50 
calculated as follows:  
Log TCID50 = L – D (S – 0.5) 
where, L= log of the lowest dilution,                  
D= difference between the log of dilution, and 
S= the sum of proportions studied. 
Log TCID50 = -1-1 (5.5-0.5) = -6 
10-6 TCID50 /0.1 ml = 10-1 × 10-6 TCID50/ml 
=10-7 TCID50 /ml 
 
Table 1. Results of virus titration (TCID50 method) in 
Vero cells. 
 

Virus 
dilutions All wells CPE positive 

wells 
CPE positive 
wells/all wells

10-1 4 wells 4 wells 4/4=1 

10-2 4 4 4/4=1 

10-3 4 4 4/4=1 

10-4 4 4 4/4=1 

10-5 4 4 4/4=1 

10-6 4 2 2/4=0.5 
 

Figure 3 shows the SDS-PAGE results for 
the purified viruses and a band with molecular 
weight of more than 116 KDa was observed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. SDS-PAGE results for purified viruses using 
sucrose density gradient centrifugation. Number 1 is a 
protein size marker; number 2 is a negative control 
(cellular proteins without any viruses purified with the 
same protocol in sucrose density gradient centrifugation); 
and number 3 is purified viruses band. 

 
The serum samples analyzed with Western 

blotting. Two dilutions of 1:100 and 1:200 of 

the serum samples prepared and Western 
blotting done, using the purified-virus with 
sucrose density gradient. Our results showed 
that 22/27 of the 1:100 serum dilutions were 
positive and the negative control sera were 
negative. All positive sera and three negative 
sera were diluted to 1:200 and they used in the 
Western blotting method again. All of the 
1:200 diluted-positive sera showed positive 
results in Western blotting method. Figure 4 
shows the Western blotting results for 14 of 
positive sera and 3 negative control sera. For 
confirming the Western blotting results, all of 
the samples used in VNT and the same results 
obtained. Our results showed that both 
sensitivity and specificity of the designed 
assay to be 100%, in comparison with our gold 
standard assay.   
 
 
 
 
 
 
 
 
 
Figure 4. Western blotting results for 14 of positive sera 
and 3 negative control sera using purified HSV-1 as an 
antigen (1:200 dilutions of sera). The positive serum 
samples in the first Western blotting using 1:100 
dilution of sera were diluted (1:200) again and used in 
Western blotting using purified HSV as an antigen. All 
positive sera in the first dilution were positive in the 
second Western blotting and the negative control sera 
showed negative results in the test. 

 
Discussion 
Herpes simplex virus type 1 (HSV1) remains a 
potentially serious health problem worldwide. 
All infected people, including asymptomatic 
ones, are potential sources for virus 
transmission. It causes a broad range of 
infections from asymptomatic ones to life 
threatening encephalitis. The virus is of more 
importance in infants and immunocompromised 
people. The diagnoses of herpes encephalitis and 
neonate infection present a special problem and 
rapid diagnosis is of importance because of the 
urgency of appropriate treatment (3, 6, 19, 20). 
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HSV1 isolation or its genome detection is 
difficult especially in encephalitis; therefore a 
reliable serological method is necessary for the 
antibody detection. One of the serological 
diagnostic tests is VNT. The test is a reliable 
method for detecting the anti-HSV1 antibodies 
in serum samples, but it needs, cell culture 
preparation, high level of expertise, as well as 
high amounts of the sera. 

Considering the difficulties of blood 
sampling especially in neonates and infants, 
the time required for VNT test and the need of  
facilities such as cell culture or an expert, we 
tried to run an alternative method. Western 
blotting was done using purified-virus with 
sucrose density gradient centrifugation as an 
antigen, two dilutions of 100 and 200 of the 
serum samples prepared and the assay carried 
out. Human neonate serum samples (which 
were HSV1 antibody negative in ELISA) used 
as negative controls. All the positive and 
negative samples confirmed by VNT.  

Comparing with our gold standard, both 
sensitivity and specificity of the designed 

Western blotting assay were 100%. Therefore, 
our data showed that the designed assay is a 
suitable method for detecting the HSV 
antibodies. This method does not need a large 
amount of serum and it is a fast and reliable 
one.  
 
Conclusion 
Our data showed that the designed Western 
blotting assay, using purified virus is a reliable 
method for HSV antibody detection. So, we 
recommend this method, to replace the VNT in 
diagnostic laboratories for the important cases 
such as HSV infections. Also, it can be used 
for confirming the positive results of ELISA. 
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