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Abstract

Introduction: Rabies is a highly fatal, neurotropic viral zoonosis of warm-blooded animals including man caused by rabies virus 
belonging to genus Lyssavirus of the family Rhabdoviridae under order Mononegavirales. Now-a-days rabies cell culture vaccines are 
being used as a curative and prophylactic immunization in animals. The present investigation aimed at refinement/improvement of the 
existing cell culture rabies vaccine protocol, envisaging critical investigation on kinetics of growth of Pasteur virus strain in BHK-21 clone 
13 cells.

Materials & Methods: Mouse monoclonal antibodies were generated against rabies virus for the development of a cell-ELISA as an 
in-process control assay. Pasteur virus strain of rabies virus was propagated in BHK-21 cells. Virus samples were collected at different 
time intervals for investigation of growth kinetics using cell-ELISA, FAT and fluorescence activated cell sorter analysis. 

Results: The monoclonal antibody based cell-ELISA developed during the present study may serve as a useful assay with proven 
repeatability for in-process monitoring of growth of rabies virus in BHK-21 cells. This assay although less sensitive, correlated well with 
FAT for the determination of optimal period of harvesting the virus. Fluorescence Activated Cell Sorter (FACS) analysis indicated its 
suitability and higher level of sensitivity for monitoring of rabies virus propagation in BHK-21 cells. Growth pattern of the virus using all 
the three tests indicated that virus has eclipse phase at around 9-12 h post infection. The study on rabies virus growth kinetics suggested 
that the optimum quantity of infectious virus particles could be harvested at around 48 h of infection using 0.1 multiplicity of infection of 
rabies virus. 

Conclusion: The findings of the present investigation if applied successfully are likely to impact the production protocol of cell culture 
rabies vaccine with the elimination of hurdles like concentration of virus and use of mice for vaccine virus titration, etc. 
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Introduction
Rabies is a severe and fatal viral disease of the central nervous 

system of warm-blooded animals, including man [1]. It is enzootic and 
sometimes epizootic in a variety of mammalian species, insectivorous 
and hematophagous bats [2]. The causative rabies virus is usually 
introduced by a bite wound, although penetration can occur through 
intact mucous membranes and the digestive tract [3], but not through 
intact skin. Airborne natural infection is also possible in exceptional 
circumstances, for example in caves harbouring large numbers of bats 
carrying the virus [4]. It has remained an important cause of disease 
in animal reservoirs with significant human cases, especially in the 
developing countries [5]. Rabies exposure has profound worldwide 
medical and economic implications [6], with as many as 4 million 
people per year receiving post-exposure treatment to prevent rabies 
[7].

Rabies virus belongs to the genus: Lyssavirus, of the family: 
Rhabdoviridae under the order: Mononegavirales [8]. The virus 
replicates in the cytoplasm of a variety of cells and released by 
budding. Specific cellular receptors for rabies virus are characterized 
only in neurons [9]. Although the virus replicates in a variety of cell 
lines like baby hamster kidney cells (BHK-21), African green monkey 
cells (Vero), human diploid cells and other cell lines of non-neuronal 
origin, cytopathic changes are not observed in these cells [10]. Work 
towards rabies diagnosis in the past concentrated on histopathological 
methods that exploited different staining processes for the detection 
of cytoplasmic virus inclusions, the Negri bodies [11]. Later, direct 
immunofluorescence [12] was used extensively and replaced staining 
techniques. In some cases, however virus isolation is necessary for 
which procedures used most frequently involve mice [13] or one of 
a number of different cell lines [14]. Other virus detection methods 
include enzyme-linked immunosorbent assay [15], monoclonal 
antibody (Ab) based virus neutralization test and florescent antibody 
test (FAT) [16], electron microscopy [17] and Polymerase Chain 
Reaction. Flowcytometry has also been described for monitoring 
rabies infection in BHK-21 and C6 cell lines [18].

 Many different forms of rabies vaccine have been produced 
since Pasteur’s original success in 1882. A series of cell culture based 
vaccines against rabies is available from different manufacturers 
for use in the dogs. However, a similar vaccine to be used for the 
large animals (cattle and buffalo) is not very much authenticated 
in relation to its protective efficacy. Majority of the interpretations 
under such circumstances are made from the findings in pet animals. 
Standard, but cost effective production of rabies cell culture vaccine is 
a necessity. Since rabies virus is a non-cytopathogenic in cell culture, 
its quantitation requires extensive use of experimental animals (e.g. 
mice) at frequent intervals during the process of vaccine production 
[19]. Virus quantitation using a heterologous system does not give 
a clear picture of infectivity titre. Furthermore, the rabies virus is 
very thermolabile [7]. Therefore production and quality control of 
cell culture rabies vaccine requires simplified assays like ‘fixed cell 
monolayer’ based enzyme-linked immunosorbent assay (cell-ELISA) 
for monitoring virus quantity in vaccine samples. The cell-ELISA 
has already been used for infectivity assay of some of the viruses like 
peste des petits ruminants virus by us [20] and polio virus [21]. Due 

to low virus titre in the harvest, production of rabies vaccine involves 
frequent virus concentration to get sufficient antigenic value/mass 
[19]. Being a fatal zoonotic disease and the risks involved with the 
handling of virus, it is always desired to produce quality vaccine with 
a minimum downstream processing of the live virus. Furthermore, 
due to difficulties in virus quantitation, some batches of cell culture 
based rabies vaccines result in low antigenic values. This indirectly 
affects protective efficacy of the vaccine. The anti-rabies vaccination 
in large ruminants in India and other developing countries is carried 
out mainly as a therapeutic measure following a post bite vaccination 
schedule subsequent upon a dog bite  that to without rabies 
immunoglobulin, which is a costly affair. Under these circumstances 
the antigenic value of such a vaccine and quality assurance is of 
utmost importance. This warrants no compromise at the level of 
vaccine quality. Therefore vaccine production protocol for such virus 
has to be very critical but simplified. Keeping all these points in mind 
the present study was planned with the objectives i) to develop an 
assay for in-process monitoring of rabies virus (Pasteur Virus strain) 
replication in BHK-21 clone 13 cells, ii) to determine the replication 
pattern of the virus in BHK-21 clone 13 cells with an idea for optimal 
antigen harvesting.

Materials and Methods
Cell lines, Virus, Antibodies, Antibody conjugates 

The cell lines (BHK-21 clone 13 cells and Myeloma cells) used 
in the present study was received from the Division of Virology, 
Mukteswar campus, IVRI. BHK-21 clone 13 cells between 70 to 90 
passages were used as the substrate for the growth of Pasteur virus 
(PV) strain of rabies virus. BHK-21 cells were propagated in Glasgow 
Minimum Essential Medium (GMEM) (G-6148, Sigma) containing 
10% fetal calf serum (FCS). Myeloma cells (SP2-O) were propagated 
and maintained in Iscove’s Modified Dulbecco’s Medium (IMDM) 
containing 20% FCS (Sigma, F-7524) under carbon dioxide tension in 
a desiccator under humid condition. These myeloma cells were used 
as fusion partners with sensitized spleen lymphocytes for hybridoma 
production.

 PV strain of rabies virus having a titre of 4.5×105 focus forming 
units (FFU)/ml was propagated in BHK-21 cells. A harvest with an 
infective virus titre of 3×106 tissue culture infective dose 50 (TCID)50/
ml was obtained and used for further investigation. Rabies virus was 
stored in aliquots at -70 ºC. 

Rabbit anti-rabies (whole virus) serum was kindly provided by Dr. 
P.K. Gupta, Senior Scientist, Division of Veterinary Biotechnology, 
IVRI for the use in the development of a polyclonal antibody based 
cell-ELISA. mAb from the rabies virus specific hybridoma clone ‘Rab-
48’ was raised in the present study and used as the primary antibody 
in the development of a mAb based cell-ELISA and investigation of 
growth kinetics.

Liquid Rabies anti-nucleocapsid fluorescein isothiocyanate 
(FITC) conjugate (357-2114, Bio-Rad) was used for FAT and for 
the fluorescence activated cell sorter (FACS) analysis to detect and/
or quantify virus infected cells for the determination of rabies virus 
growth kinetics in BHK-21 cells. Goat anti-Rabbit horseradish 
peroxidase (HRP) conjugate (HPO3, Bangalore Genei) was used 
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a secondary antibody in the polyclonal antibody based cell-ELISA. 
Goat anti-mouse horseradish peroxidase (HRP) conjugate was used 
as the secondary antibody in mAb based cell-ELISA.

Propagation of virus

Rabies virus (PV strain) was propagated in BHK-21 clone 13 cells. 
Using 0.1 MOI, rabies virus was co-cultivated with BHK-21 cells at 
37 ºC for 72 h in a 75 cm2 cell culture flask. During the course of 
virus production, pH was adjusted to around 7.6 using 7.5% sodium 
bicarbonate solution. After 72 h, virus was harvested and frozen at 
-70 ºC. Virus harvest was thawed and centrifuged at 2000 rpm for 
10 min. Aliquot of the cell free virus was stored at -70 ºC. Virus with 
a titre of 3×106 TCID50/ml was used in the present study for further 
investigation.

Production of mAbs

Two Swiss-albino mice (weighing 16-20 g, 3-4 weeks age of 
either sex) were immunized using rabies virus antigen. This included 
primary immunization of mice using crude antigen followed by 
two booster doses of vaccine on day 42 and 55 and fusion on day 
56. Myeloma cells (SP2-O) and feeder cells (peritoneal macrophages) 
were prepared as per the protocol already described [22,23]. Well to 
well screening of hybridoma clones was performed at appropriate 
stage of the growth of the clones. A cell-ELISA assay system [21] was 
employed for screening of rabies specific mAbs in the hybridoma 
supernatants using acetone fixed rabies virus infected and mock 
infected BHK-21 cells. The hybridoma culture supernatants which 
gave at least two times the A492 values with infected BHK-21cells as 
compared to mock infected cells were considered positive for rabies 
virus. Positive clones were amplified from 96-well cell culture plates 
to 24-well cell culture plates and subsequently to 25 cm2 cell culture 
flasks. Single cell cloning and sub-cloning of rabies virus positive 
hybridoma were performed using limiting dilution method [24,25]. 
Plates were observed for the growth of cells regularly. They were 
screened at appropriate growth stage (25% well surface) using cell-
ELISA as described earlier. Single cell cloning was repeated twice so 
as to prove monoclonality of the hybridoma culture supernatants. 
Hybridoma clones derived from single cells were selected, expanded 
and preserved in -70 °C. Sufficient amount of mAbs were produced 
and used for cell-ELISA for determination of the growth pattern of 
rabies virus in BHK-21 cells.

Development and standardization of a mAb based Cell-
ELISA

mAb derived from clone ‘Rab-48’ was employed to develop a cell-
ELISA. The procedure followed for cell-ELISA is described in brief. 
Serially log10 diluted PV strain was co-cultivated with BHK-21 cells 
using 96-well cell culture plate keeping four replicates for each virus 
dilution. After 72 h of incubation at 37 ºC, spent medium was aspirated 
completely and cell monolayer was fixed with 100 µl chilled acetone 
(80:20 in PBS) per well and kept at -20 ºC for 1 h. Cell monolayer was 
air dried for 20-30 min in a laminar airflow. After air drying, the plate 
was blocked using 200 µl of blocking buffer (Gelatin-1%, FCS-0.5% 
and Tween 20-0.1% in PBS) and incubated at 37 ºC for 1 h or +4 ºC 
overnight. The blocking buffer was discarded and 100 µl of monoclonal 
antibody (1: 2 dilution of Rab-48) was added and plate was incubated 

at 37 ºC for 1 h.  Plate was washed 3 times with wash buffer (0.01% 
Tween-20 in 0.0025M). 100 µl of rabbit-anti-mouse HRP conjugate 
was added per well (1:1000 dilution in blocking buffer) and incubated 
at 37 ºC for 1 h. Plate was washed 3 times with wash buffer. 100 µl of 
substrate-chromogen mixture (4 µl of 3% Hydrogen peroxide [H2O2] 
per ml of pre-warmed ortho-phenylene diamine [OPD]) was added 
per well and the plate was observed for colour development. After 
the colour development, the reaction was stopped by adding 100 µl 
of 1M Sulphuric acid (H2SO4) per well and reading was taken at 492 
nm in an ELISA reader. Based on the cell-ELISA reading, virus titre 
was calculated using Reed and Muench formula [26] and expressed 
as TCID50/ml.

Titration of rabies virus using Cell-ELISA 

Virus dilution was made using deep-well plate. A serial 10 fold 
dilutions of virus were made up to 10-7 dilutions. BHK-21 cells were 
taken at the final cell concentration of 4-6x105 cells per ml in 10% 
GMEM in a cell culture trough. From the deep-well plate, 100 µl of the 
log10 diluted virus samples were added to the cells in four replicates in 
the same order from 10-1 to 10-7, using a multi-channel pipette. 96-well 
cell culture plate was placed in a humidified desiccator and incubated 
at 37 ºC for 48 h. After 48 h, the spent medium was discarded and 2% 
GMEM was added at the rate of 100 µl per well. The cells were fixed 
after 72 h using chilled acetone and air dried for the application of 
cell-ELISA (as described above).

Investigation on virus growth kinetics 

Rabies virus growth pattern was studied at 0.1 MOI in BHK-21 
cells using FACS analysis, FAT and the newly developed mAb based 
cell-ELISA. The methodology adopted for the collection of virus 
samples for the investigation of rabies virus growth kinetics, virus 
titration, FAT and FACS is given below.

Preparation and collection of cell free and cell associated 
virus samples

Two 24 well cell culture plates were seeded with the BHK-21 cells 
uniformly at a cell concentration of 1.6×105 cells per well in GMEM-
10% and incubated at 37 ºC in a humidified desiccator. At 75-80% 
confluency of the monolayer, cell count was determined from one 
well using haemocytometer method. Based on cell count 0.1 MOI of 
PV strain was calculated and rabies virus diluted in 2% GMEM to get 
0.1 MOI in 1 ml per well and likewise all wells were infected using 1 
ml of virus dilution. Immediately after the infection of the BHK-21 
cell monolayers with 0.1 MOI of rabies virus, the supernatant was 
collected for zero ‘cell free’ sample in a sterile eppendorf tube. Then 
the cell monolayer was washed with 0.5 ml 2% GMEM and cells were 
collected in 1 ml of 2% GMEM by scrapping the monolayer. These 
samples were named as ‘cell associated’ virus sample for zero hr and 
stored at -70 ºC. Following the sample collection procedure as given 
above, the ‘cell free’ and ‘cell associated’ samples were collected at 
various time intervals viz. 6 h, 12 h, 18 h, 24 h, and after every 24 
h on 2nd day, 3rd day and up to 9th day. Each time after collection of 
samples, the 24 well plates were incubated at 37 ºC in a humidified 
desiccator, throughout this period the pH was adjusted to around 7.4 
using 7.5% sodium bi-carbonate solution. The collected ‘cell free’ and 
‘cell associated’ rabies virus samples were titrated using cell-ELISA, 
FAT and FACS analysis for the evaluation of growth kinetics.
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Titration of rabies virus samples for investigation on 
growth pattern

The ‘cell free’ and ‘cell associated’ virus samples collected for 
growth kinetics were thawed from -70 ºC and titrated using the 
mAb based cell-ELISA, FAT and FACS technique under identical 
conditions. The efficacy of the mAb based cell-ELISA was compared 
with the above said two tests for virus titration. 

Cell-ELISA 

The virus samples harvested for growth kinetics were thawed 
from -70º C and serial log10 dilutions were prepared for ‘cell free’ and 
‘cell associated’ virus samples of each time interval starting from 0 h 
to 144 h in an ascending order. Virus samples were co-cultivated with 
BHK-21 cells using 96-well cell culture plates. With the first media 
change after 48 h, the plates were incubated up to 72 hrs, spent media 
was aspirated completely and cell monolayer was fixed with 100 µl 
chilled acetone (80:20 in PBS) per well and dried at -20 ºC for 1 h. The 
cell-ELISA was performed as described above.

Fluorescent Antibody Test (FAT) 

The ‘cell free’ and ‘cell associated’ virus samples harvested 
at various time points were titrated with BHK-21 cells using co-
cultivation method. After the incubation period of 72 h, the medium 
was discarded completely and the cell monolayer was washed with 
phosphate buffer. Cells were fixed in chilled acetone (80:20 in PBS) 
at -20 ºC for 1 h. Acetone was aspirated completely and the plate 
was air dried rapidly. Rabies anti-nucleocapsid antibody conjugated 
with FITC (1:20) dilution in phosphate buffer, pH 7.2 was added at 
the rate of 25 µl per well to cover the monolayer entirely. The cell 
culture plate was incubated at 37 ºC for 30 min in a humid chamber. 
The plate was washed with phosphate buffer, pH 7.2 and rinsed in 
buffered glycerine (50% Glycerine in PBS, v/v). Plate was observed 
under fluorescent microscope and fluorescent foci were counted for 
the determination of virus titre. Virus titre was calculated using Reed 
and Muench formula [26] and expressed as FFU/ml.

Fluorescence Activated Cell Sorter (FACS) analysis

The virus samples harvested at various time intervals were titrated 
using FACS analysis following the protocol described earlier [18] 
with some modifications like, use of chilled acetone (80:20 in PBS) 
for fixing of cells and use of less quantity of anti-nucleocapsid FITC 
conjugate. The cell free and cell associated virus samples harvested at 
various time points were titrated in BHK-21 cells in 24-well cell culture 
plates by adsorption method on preformed 75-80% monolayer. After 
first media change at 48 hrs plates were incubated up to 72 h at 37 ºC 
in a desiccator. After 72 h, the supernatant was discarded completely 
and the cell monolayer was washed with phosphate buffer, pH 7.2. 
300 µl of Trypsin-Versene (pre-warmed at 37 ºC) was added per well, 
when cells detached from surface, 700 µl of GMEM-10% was added 
and cells were pipetted to get single cells. Cells were collected in an 
Eppendorf tube and centrifuged at 2000 rpm for 10 minutes and the 
cell pellet was given a washing in 1 ml of phosphate buffer at 2000 rpm 
for 10 min. The cell pellets were dispersed gently to get single cells 
and cells were fixed in chilled acetone at -20 ºC for 1 h. After acetone 
fixation, cells were centrifuged at 2000 rpm for 10 min and acetone 
was discarded completely using separate tips for each dilution. The 

cell pellets were dispersed to single cells and were washed with PBS at 
2000 rpm for 10 min and again the pellets were dispersed manually 
to get single cells. Liquid rabies anti-nucleocapsid  FITC conjugate 
(1:20) dilution in phosphate buffer at pH 7.2 was added at the rate 
of 20 µl per  eppendorf  tubes only in 10-3 dilution all virus samples 
and incubated at 37 ºC for 30 min in a humid chamber. Cells were 
again washed with 1 ml Phosphate buffer (pH 7.2) and the cells 
were dispersed manually and re-suspended in 400 µl of Phosphate 
buffer and the samples were subjected for FACS analysis. Results of 
the FACS analysis was recorded as % of rabies virus infected cells 
(fluorescent cells) in each sample.

Cell-ELISA using various MOI of rabies virus

PV strain of rabies virus was co-cultivated at 0.01, 0.1 and 1.0 MOI 
with BHK-21 cells to determine optimal MOI and time of harvest 
for obtaining optimal virus titre. For virus titration, mAb based 
cell-ELISA was employed since it proved to be a convenient, easy to 
perform test with a considerable reliability. BHK-21 cells were seeded 
in three 25 cm2 cell culture flasks at the cell concentration of 2.4x106 

cells per 5 ml in 10% GMEM. The cells were co-cultivated with 1 MOI, 
0.1 MOI and 0.01 MOI of PV strain of rabies virus in the three flasks 
respectively the flasks were incubated at 37 ºC. At every 24 h interval 
after infection, the cell free virus was collected from each MOI flask 
separately and 5 ml of 2% GMEM pH 7.6 was added in each flask 
daily up to 144 h (6 days). ‘Cell free’ virus samples harvested from 
the 1 MOI, 0.1 MOI and 0.01 MOI flasks at 24 h interval were titrated 
on the same day in BHK-21 cells using co-cultivation method. mAb 
based cell-ELISA was performed (as described in section 2.6.2) in all 
the plates at the same time and readings were taken at 492 nm in an 
ELISA reader. Based on the ELISA reading, virus titre was calculated 
using Reed and Muench formula [26] and expressed as TCID50/ml..

Results
Generation of mouse hybridoma and development of a 
mAb cell-ELISA 

Fusion of sensitized splenocytes and myeloma cells was 
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Figure 1: Reactivity of mAbs namely Rab-18 and Rab-48 in cell-ELISA. 
Hybridoma culture supernatants diluted 1:2 were screened against rabies 
virus infected BHK-21 cells and mock infected BHK-21 cells.
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performed for production of mouse hybridoma. The generation of 
mouse hybridoma clones against rabies virus antigen resulted in 
two useful clones for cell-ELISA, designated as ‘Rab-18’ and ‘Rab-
48’. These clones clearly differentiated rabies virus infected BHK-
21 cells with the mock infected cells using a cell-ELISA (Figure 1). 
Hybridoma culture supernatant from clone ‘Rab-48’ was found to be 
relatively more efficacious in detection and titration of rabies virus 
in BHK-21 cells. Reactivity of a 2-fold dilution of this mAb with the 
rabies virus infected BHK-21 cells is shown in figure (Figure 2). This 
mAb was used extensively for generating data on growth kinetics of 
PV strain of rabies virus in BHK-21 cells.

The mAb based cell-ELISA was also used for the quantification 
of cell-free virus and cell-associated virus over a period of 9 days. The 
pattern of virus titre in ‘cell free’ and ‘cell associated’ samples indicated 
that the virus is internalized immediately and starts replicating. The 
cell free samples tested between 6 and 12 h post infection indicate a 
short eclipse phase, where the virus titre in the culture supernatant 
declines transiently. Subsequently, the virus quantities in ‘cell free’ 
sample as well as ‘cell associated’ samples follow an identical pattern 
with a maximum titre of the virus at around 48 h in both the samples. 
Subsequently the virus titre declines in the culture supernatant as 
well as within the cells. Virus titres in ‘cell-free’ and ‘cell-associated’ 
samples harvested at different time intervals is shown in the graph 
(Figure 3). 

mAb based cell-ELISA was used to study the growth pattern of 
rabies virus (PV strain) in BHK-21 cell system using adsorption as 
well as co-cultivation modes of cultivation. The co-cultivation method 
was found to be superior over virus adsorption with high virus yield. 
Therefore, for subsequent investigation of growth kinetics, co-
cultivation method was used. Although co-cultivation was superior 
for virus growth, the maximum virus titre was found at around 48 h 
of infection using both adsorptions as well as co-cultivation methods 
(Figure 4). 

FAT, Cell-ELISA and FACS analysis for assaying rabies 
virus growth kinetics

FAT using microtiration plates (micro-FAT) were performed 

on rabies virus infected cells using 10-fold dilution of virus samples 
harvested at various time intervals for the investigation of growth 
kinetics. Degree of fluorescence and FFU were observed under 
a fluorescent microscope. Distinct rabies virus specific intense 
cytoplasmic fluorescence were observed in positive samples. Amongst 
all the tests, FAT being universally accepted test for rabies virus 
detection was employed as a gold standard test.

Cell-ELISA was applied to investigate the growth pattern of PV 
strain of rabies virus in BHK-21 cells using virus at 1, 0.1 and 0.01 
MOI. Virus titre in the samples collected using co-cultivation method 
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Figure 2: Reactivity of 2-fold dilution of mAb Rab-48 with rabies virus 
infected BHK-21 cells using a cell-ELISA.
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method. Cell free and cell associated virus samples collected at different 
time intervals (0 to 9 days) were titrated. The cells were acetone fixed at 72 
h post infection and subjected to cell-ELISA.

3.5

4.5

5.5

6.5

7.5

8.5

24 48 72 96 120 144
Hours post infection

V
ir

us
 ti

tr
e 

(T
C

ID
50

/m
l) 

lo
g 1

0

Co-cultivation
Adsorption

Figure 4: Growth kinetics of rabies virus by two different modes of 
cultivation (co-cultivation & adsorption) using mAb based cell-ELISA. 
BHK-21 cells were infected with 0.1 MOI of rabies virus (PV strain) by co-
cultivation and adsorption (75% monolayer) mode of cultivation. Cell free 
virus was collected at 24 hrs intervals from day 1 (24 h) to day 6 (144 h). The 
collected samples were titrated by co-cultivation method using microtitration 
method and subjected to cell-ELISA using mAb ‘Rab-48’. The findings 
suggested that co-cultivation mode is superior to virus adsorption mode of 
cultivation with high virus yield.
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at every 24 h intervals indicated that the inoculum with 0.1 MOI of 
virus is ideal for optimal virus/antigen preparation. This investigation 
indicated that the virus growth pattern using 0.1 and 0.01 MoI of virus 
inoculum were similar with an optimal harvest at around 48 h. The 
growth pattern with 1 MOI of virus inoculums showed relatively a flat 
growth curve. Findings suggested that optimum antigen production 
in BHK-21 cell system is possible by the use of 0.1 MOI of virus 

inoculums (Figure 5). 

FACS technique was employed for the investigation of rabies 
virus growth kinetics in BHK-21 cells using rabies anti-nucleocapsid 
antibody conjugated with FITC. Pattern of distribution of cells with 
virus specific fluorescence in FACS analysis indicated an “eclipse” 
phenomenon of virus at around 12 h of infection, showing only 2.9 
% infected cells. Subsequently, proportion of infected cells increased 
gradually showing 18.29% at 24 hand the maximum population of 
fluorescent cells were recorded at around 48 h (24.28%) of infection 
of virus. After 48 h, the proportion of cells showing fluorescence 
declined significantly to 5.3 % cells at 72 h Proportion of virus 
infected cells over a period of time using a single step growth curve is 
shown (Figure 6).

Comparative efficacy of FAT, FACS analysis and cell-ELISA 
for the investigation of rabies virus growth kinetics 

All the three tests employed in the present investigation were 
compared for their relative efficacy for the detection and titration 
of rabies virus in BHK-21 cell system. Micro-FAT indicated that 
the maximum virus titre was obtained at around 48 h, which again 
correlated well (r = 0.7509) with the findings in FACS analysis (Figure 
7a). The efficacy of mAb based cell-ELISA was compared with micro-
FAT for rabies virus quantification (r =0.8804). The cell-ELISA could 
detect the presence of rabies virus in BHK-21 cells when the virus 
foci were more than 3 per well as observed in identically processed 
samples. This finding explains that the cell-ELISA is relatively less 
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sensitive compared to FAT for virus titration (Figure 7b). However, 
this test is suitable for deciding optimum time of harvest, the objective 
of this study.

Discussion
Rabies is a highly fatal viral zoonosis involving nervous system 

of warm-blooded animals including man. This disease under Indian 
socio-economic and socio-cultural conditions is spread mainly 
by the bite of rabid dogs. Major geographical region of India is 
classified as highly endemic [27]. Although, the disease is known 
to mankind since several centuries, sincere efforts to protect the 
livestock population from this deadly disease have not been given due 
importance. Vaccination of the animals following a pre-exposure or 
post exposure vaccination schedule is the only way to prevent rabies 
and to protect the animals from this deadly disease. The majority 
of the vaccines used in field at the moment are inactivated vaccines 
derived from cell culture. As is true for other inactivated vaccines like 
Foot and Mouth Disease (FMD), the quality and quantity of antigenic 
mass/antigenic value is of high significance. It is the main criteria for 
protective efficacy of such vaccines. Due to inadequate infrastructure 
for cell culture and lack of quality human resource in the developing 
countries, it is sometimes difficult to get desired antigenic value in 
the vaccine preparations. Therefore, in order to produce the vaccine 
with a desired antigenic value, cost of the per unit vaccine production 
increases resulting in a higher burden on people with low paying 
capacity. Under field conditions, an efficacious vaccine with a proven 
protective value/antigenic mass is must for use in large ruminants 
considering its economic value and risks after exposure to infection. 
Critical observations on the virus growth using certain in-process 
monitoring system is likely to reduce the production cost of the 
vaccine by simplification of the technology. 

FAT for rabies virus quantification and rapid fluorescent foci 
inhibition test (RFFIT) for the assessment of post vaccinal immune 
response are considered to be the gold standard tests in rabies virus 
research [28,29]. Since rabies virus does not produce appreciable CPE 
in BHK-21 cells, virus titration is mainly dependent on expensive 

immunofluorescence or ethically concerned, cumbersome mouse 
inoculation tests. The protocols followed for the production of BPL 
inactivated vaccine is crippled by low virus yield of virus harvests 
that require frequent concentration steps and the lack of an user-
friendly, economical assay for virus titration that can be performed 
on routine basis in a laboratory equipped with basic cell culture 
facilities. These tests require observation of individual samples/wells 
under the fluorescent microscope. On occasions owing to the poor 
staining techniques and poor quality of fluorescent microscopes 
FAT sometimes provides ambiguous results. Development of a cell-
ELISA, which can provide quantitative assessment (digital values) of 
virus without the use of fluorescent microscopy, may be an added 
advantage due to more automation. This may also be useful for 
handling of large number of samples (virus and post vaccinal serum) 
during the launch of a rabies control programme.

Keeping all these problems in mind the present investigation 
aimed at finding out the optimal conditions for the harvest of the 
rabies virus using BHK-21 cells along with an objective of developing 
a homologous system for in-process monitoring of the quality 
of vaccine, so as to reduce the cost of vaccine production. The 
study involved propagation of rabies virus in BHK-21 cell system, 
production of mAb against rabies virus, development and application 
of cell-ELISA, FAT and FACS analysis for the investigation of growth 
kinetics of PV strain of rabies virus.

A polyclonal antibody based cell-ELISA was initially optimized 
for the detection/titration of rabies virus in BHK-21 cell system using 
microtitration method. As we know that polyclonal antibody based 
ELISAs give relatively inconsistent result owing to higher background 
absorbance (A492) values. Efforts to develop more precise and 
reproducible cell-ELISA were made by employing mAbs developed in 
the present study. The generation of mouse hybridoma clones against 
rabies virus antigen resulted in two useful clones for cell-ELISA, 
namely ‘Rab-18’ and ‘Rab-48’. Since the objective of developing these 
hybridoma clones was to use mainly in cell-ELISA, similar method 
involving rabies virus infected and mock infected BHK-21 cells were 

r = 0.8804r = 0.7509

a

A) B)

Figure 7: Comparative efficacy of FAT with that of FACS (7a) and cell-ELISA (7b) for rabies virus growth pattern in BHK-21 cells. Cell free virus samples 
collected at different time intervals (0 h to 144 h) were used for cell-ELISA, FAT and FACS.
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used for screening and selection of hybridoma clones. A similar 
strategy of screening of hybridoma clones that matches with the 
intended use of mAbs has been recommended earlier [22]. The mAb 
from the clone ‘Rab-48’ was used extensively for development and 
evaluation of cell-ELISA in growth kinetics of rabies virus. Although 
due to unavoidable circumstances these clones could not be saved. 
mAb based cell-ELISA was used to study the growth pattern of rabies 
virus in BHK-21 cell system. ‘Cell free’ as well as ‘cell associated’ virus 
samples were employed for the investigation of virus growth kinetics, 
following a methodology as reported earlier for peste des petits 
ruminants (PPR) virus [30]. Samples collected at different point of 
time, during the investigation indicated that the virus titre in the ‘cell 
free’ samples initially declines which is correlated with the increase in 
the virus quantity in ‘cell associated’ virus samples. The initial decline 
in the virus titre from ‘cell free’ samples between 6 to 12 h correspond 
to the “eclipse phase” of rabies virus [31,32] replication cycle. After 
12 h the quantity of infectious virus (both cell free and cell associated 
virus) increased rapidly reaching to maximum at around 48 h after 
the exposure. Similar findings of rabies virus growth in BHK-21 cells 
have been reported earlier [18,33,34]. Virus growth pattern involving 
co-cultivation and adsorption modes of virus cultivation indicated 
that the former is superior to virus adsorption. The yield of infectious 
virus particles was significantly higher when inoculum was added at 
the time of cell seeding (co-cultivation) as compared to a preformed 
monolayer of BHK-21 cells. 

It is a well established phenomenon that growth kinetics of a virus 
in any cell culture system is influenced by the quantity of the initial 
virus inoculum. Accordingly, for the construction of a single cycle 
growth curve 100 % of the cells have to be infected using 1 or more 
than one MOI of virus. The glycoprotein, which plays major role 
in the initial stage of infection, also happens to be major protective 
antigen of rabies virus [35]. The objective of the present investigation 
was to optimize the virus growth conditions for maximum infectious 
virus particles/glycoprotein antigen/protective antigen. Therefore, 
an experimental design involving different multiplicity of infection 
of virus ranging from 0.01, 0.1 and 1 MOI was developed. The 
findings with the ‘cell free’ virus samples collected up to 7 days post 
infection further suggested that the maximum infectious virus is 
obtained at around 48 h of infection. Therefore the collection of cell 
culture supernatant immediately after 48 h post infection may be 
more suitable for the preparation of vaccine. Previous studies have 
indicated that the yield of infectious rabies virus particles in BHK-21 
cell suspension is directly proportional to the concentration of the 
cells [33]. The growth kinetics at low multiplicity of infection (0.1 
and 0.01) suggest that the release of infectious virus particle from the 
infected cells shoots up to 48 h which also corresponds with the log 
phase of the growth of BHK-21 cells. Relatively a flat growth curve 
was observed at high multiplicity of infection (1.0 MOI). This could 
be possible because almost all the cells are infected immediately after 
infection. This may affect the growth rate of the cells thereby causing 
low virus titre throughout investigation. 

FAT was applied as a gold standard test for monitoring of the 
growth pattern of rabies virus in BHK-21 cells as recommended [36]. 
For this purpose anti-nucleocapsid antibody conjugated to FITC (Bio-
Rad, Cat.# 357-2114) was used as a tracing antibody. As we know that 

nucleocapsid (N) protein is a major internal virion protein involved in 
the T-cell activation [37], the level of fluorescence targeting N protein 
can be taken as a degree of virus replication. Number of FFU produced 
by a sample has extensively been used to establish correlation with 
mouse inoculation test in rabies virus research. Similarly the degree 
of inhibition of FFU (RFFIT) has extensively been studied and 
compared with the mouse protection test for the assessment of post 
vaccination immune response [28,38]. For determining the positivity 
of the sample, individual wells were examined under a fluorescent 
microscope and a well showing virus specific fluorescence even with 
a single focus was considered to be positive. A declining trend in the 
proportion of infected cells with specific fluorescence was observed 
with the decrease in virus inoculum (10-1 to 10-5) and practically no 
fluorescence in mock infected well (cell control).

The identical samples collected at various time intervals as in case 
of cell-ELISA were processed for FAT using a microtitration method. 
The comparative efficacy of FAT with that of cell-ELISA indicated 
that FAT is relatively more sensitive test than cell-ELISA. On an 
average mAb ‘Rab-48’ based cell-ELISA developed during the present 
study could detect a minimum of 3 to 10 FFU per well. This roughly 
indicates that the virus titres expressed in MAb based cell-ELISA 
are 1 to 2 log10 (10 to 100 times) lower than that in FAT using anti-
nucleocapsid antibody conjugated with FITC. This is mainly owing 
to the two factors, 1) a positive detectable signal in mAb based ELISA 
may require a minimum population of infected cells however even 
single virus infected cell can be visualized in FAT. 2) FITC conjugated 
antibody although specific to rabies virus, is directed against several 
epitopes present in the nucleocapsid protein as compared to mAb 
Rab-48 against single epitope. Similar findings of the higher sensitivity 
of FAT have been observed when compared to mouse inoculation test 
previously [33].

In order to be more precise in determining the pattern of 
distribution of rabies virus infected cells at various time intervals, 
virus samples were analyzed by FACS analysis for growth kinetics. 
Findings of the FACS analysis represented the similar pattern of virus 
growth as methods cell-ELISA and FAT. Following the conventional 
virus titration methods on samples collected for FACS studies 
indicated a maximum proportion of the virus infected cells at around 
48 h of virus exposure. The growth pattern of the virus showed a 
short eclipse phase at around 12 h followed by a steady increase in 
the proportion of infected cells up to 48 hrs. The titre of virus samples 
declined sharply after 48 h post infection.

The data on the mAb based cell-ELISA and FACS analysis shows 
potential application of these techniques for the investigation of 
growth kinetics of rabies virus. Although, all the three tests namely 
FAT, FACS analysis and cell-ELISA indicated that the maximum 
quantity of infectious virus particles could be harvested at around 48 
h of inoculation with an inoculum quantity of 0.1 MOI, the antigenic 
value in terms of protective efficacy of vaccine needs to be established. 
The patterns of the results of the mAb based cell-ELISA shows that 
it can replace the conventional FAT for the production and quality 
control of rabies vaccine. However, reproducibility of this test needs 
to be established. The study if applied successfully is likely to impact 
the production of the cell culture rabies vaccine, with the elimination 
of hurdles like concentration of virus and use of mice for vaccine 
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virus titration, etc. Efforts are being made to take advantage of the 
findings of the present study in the rabies vaccine production and 
also to transfer the technology to various state veterinary biological 
units of India interested in rabies cell culture vaccine research and 
development and production.
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