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ARTICLE INFO ABSTRACT

Original Article Introduction: Rabigs is a zoonotic f_atal viral dis_egse caused by the_ rabies virus

of the genus Lyssavirus, and the family Rhabdoviridae. Challenge virus standard
(CVS-11) strain of rabies virus is a key element in rabies reference laboratories,
as many gold-standard tests depend on a suitable titer of this strain for
interpretation of results. The present study investigated the optimal CVS-11
production in BSR cells (a clone of BHK-21). Methods: We analyzed the
kinetic growth of BSR cells in a T-flask and inoculated BSR cells with different
MOI of CVS-11 strain of rabies virus, and harvested the produced virus at
different time points. Results: Our data showed that BSR cells had a doubling
time of around 24-30 h, and at least 95% of cells kept their viability three days
after culture. The virus reached the highest titer when the cells were infected at
an MOI of 0.1 in DMEM medium, equal to 1.5 x 107 fluorescent focus units
(FFU)/ml. Time-course analysis of CVS-11 titer showed that the highest titer
was achieved around 72 h post-infection. All tests were performed in triplicate.
Conclusion: Since producing the virus in mammalian cell culture is an
expensive and complicated method, optimizing the virus production process may
be an excellent strategy to lower the cost, save the laboratory resources and
maximize productivity.
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INTRODUCTION
indirect role in controlling the disease by helping the

Rabies is a zoonotic fatal viral disease caused by the
rabies virus of the genus Lyssavirus, and the family
Rhabdoviridae [1, 2]. The virus is enveloped and bullet-
shaped, measuring about 75180 nm, with a single-
stranded negative-sense RNA genome encoding five
structural proteins [3, 4]. Annually, at least 60,000
people are estimated to die from rabies [5]. The disease
remains endemic [6] and a health problem in developing
countries where dogs, especially stray dogs, serve as the
main reservoir [7-9]. The mass vaccination of dogs is the
appropriate approach and new global strategy plan
recommended by the World Health Organization (WHO)
to control human rabies by 2030 [10-12]. However,
unfortunately, there are no organized and comprehensive
rabies control programs at the national level in countries
where rabies is endemic [12, 13].

Given the importance of controlling rabies, it is
essential to have national reference centers to diagnose
and monitor the disease in rabies endemic countries.
With timely diagnosis and exploring the hot spot of
disease, and reporting to the Center for Disease Control
and Prevention, Ministry of Health and Medical
Education (Iran), these centers have an outstanding
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health authorities in the planning of infection-control
strategies. [14]. Other crucial tasks of these centers are
performing specialized tests like evaluating rabies
vaccine potency and challenge experiments. Performing
rabies vaccine potency tests employ infectious viruses,
which necessitates special containment facilities and
biosafety concerns assessment. So these activities
usually are not possible in other laboratories.

The challenge virus standard (CVS-11) strain of
rabies is considered a laboratory standard in rabies
reference centers. CVS-11 is a well-characterized and
widely used strain of rabies virus [15] initially obtained
by adaptation in mice from the original Pasteur rabies
virus isolated in 1882 by Louis Pasteur [16]. CVS-11 is
approved for rabies vaccine manufacture and used as a
challenge virus in the rapid fluorescent focus inhibition
test (RFFIT) to measure rabies neutralizing antibodies in
sera of vaccinated persons [15].

The CVS-11 virus is used as a challenge virus in the
RFFIT test to measure rabies neutralizing antibodies in
vaccinated individuals' sera [17-19]. This test is the only
gold standard serological assay recommended by WHO
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for this purpose [20]. The titer of CVS-11 used as a
challenge virus in this test is critical in obtaining
satisfactory results. Therefore, developing an optimized
production protocol is crucial for producing the CVS-11
virus with high and sustainable titer. On the other hand,
each produced batch of virus needs downstream
experiments like titration and calibration for use in the
RFFIT, making it more expensive to produce [21]. For
these reasons, optimizing the virus production process in
lab-scale in quantities required for the performing of
RFFIT assays and other virological studies is essential
and necessary.

Furthermore, with increasing numbers of commercial
growth media and FBS in the markets that differ in their
quality that certainly affect the result of work and yield
of the virus, it has become imperative to optimize virus
production with given reagents for maximum virus yield.

In this study, to produce optimal titer of CVS-11
virus, we investigated the kinetic growth of BSR cells (a
clone from BHK-21) and the effects of the multiplicity
of infection (MOI) and harvesting time as affecting
factors in the production of virus. Such efforts are
essential for reference laboratories to lower virus
production cost and maximize productivity.

MATERIALS AND METHODS

The Dulbecco's modified Eagle medium ( DMEM )
(Gibco, USA) supplemented with 10% (V/V) heat-
inactivated fetal bovine serum (FBS; Gibco, USA), 100
IU/ml penicillin, and 100ug/ml Streptomycin (Sigma)
was used as the serum-containing medium. The adherent
BSR cell (a clone from BHK- 21 cells) was used for the
experiments. The cells were incubated at 37°C with 5%
humidity and used as monolayers for virus inoculation.
The cells were passaged twice per week in T-flasks.

Virus strain. The CVS-11 strain of rabies virus
(passage 23), adapted to grow in cell culture, was used
throughout the study and kept at -80 °C.

Cell growth assay. The cell growth kinetic of BSR
cells was determined four days in four separate T-25
flasks with seeding of 5 x 105 cells in each flask
according to the standard protocol for cell culture
recommended by WHO (World Health Organiztion.
Laboratory techniques in rabies, volume 1. 5th ed. 2018;
2: 289). All experiments were performed at 37 C, 5%
CO2. Briefly, each flask content was rinsed with PBS
and trypsinized, and the total number of viable cells was
counted. Cell growth was followed for 96 h; samples
were taken daily to determine cell concentration [22].
Viable BSR cells were determined by the trypan blue
exclusion method. Briefly, 10 puL of 0.4% trypan blue
stain was added to 10 pL of the BSR cells suspension,
and then cells were counted using a Neubauer
hemocytometer. [23].
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Virus amplification. Monolayers of BSR cell lines
grown in a T-75 flask were washed twice with PBS (pH
7.4) and trypsinized [24]. Cells were infected with CVS-
11 in sterile tubes at MOIs of 0.01, 0.1, and 1. After
incubation for 1 h at 37 °C, the tube contents were
centrifuged at 500g for 10 min, and the inoculums were
removed. The cells were mixed with fresh medium in T-
75 flasks and incubated at a 35 °C incubator containing
5% CO? for various periods, depending on the
experimental design. The culture supernatants were
assayed for virus titration at 48, 72, and 96 h. All assays
were performed in triplicate.

Virus harvesting. For harvesting the virus, the
supernatant of T-75 flasks was collected under a
biosafety hood. The debris was removed from the
supernatant by centrifugation at 1000 g for 10 min at 4
°C. Following aliquoting, the harvested viruses were
kept at -80 °C until used.

Virus quantification by FFU method. The CVS-11
virus was titrated using a modified focus forming unit
(FFU) test described by others [25]. Briefly, after
harvesting the rabies CVS-11 strain, 10-fold dilutions of
the virus samples were prepared with culture medium in
sterile tubes at 4 °C. Virus dilution was performed up to
1x 10-7 dilution (100 pl of the virus was added to 900 pl
of culture medium for sequential dilution). In each well
of 8-well chamber slides containing 100 ul of the diluted
virus, 1x 105 BSR cells were added. The chamber slides
were incubated at 37 °C, 5% humidity, for 20-24 h.

Immunofluorescence staining (IF). Slide chambers
were washed briefly with phosphate-buffered saline
(PBS), fixed with 80% cold acetone at 4 °C for 30 min,
and then stained with the rabies anti-nucleocapsid
(FITC)-conjugated antibody (Bio-Rad), for 1 h at 37 ° C.
The slides were washed two times with PBS, 5 min each
wash, and were examined by fluorescence microscopy.
The highest dilution with fluorescent foci was defined as
endpoints, and the numbers of fluorescent foci presented
in the highest dilution were recorded, and virus titers
were expressed in FFU/ml.

RESULTS

Growth kinetics of the BSR cells. Adherent BSR cell
(Fig. 1A) was used to investigate the cell growth kinetic
for determining the best time for cell infection by CVS-
11 strain. Growth kinetic assays of BSR cells were
performed for 96 h, using the BSR cells in T-25 flasks.
The growth curve of the BSR cells indicated a doubling
time of around 24-30 h (Fig. 1B). The complete
monolayer was observed after 72 h. There was a decline
in viable cells after 72 h, so the best time for infecting
cells was between 24 to 72 h when the cells were at the
logarithmic phase. At least 95% of the total population
of cells had their viability until the third day of the cell
passage.
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Fig. 1. BSR cell grown on T-flask using DMEM and incubated at 37 °C. A) Morphology of the BSR cells, B) growth curve of
BSR cell line.

Effect of MOI on CVS-11 production in adherent
cell culture. The influence of the number of CVS-11
used for cell infection (Multiplicity of infection, MOI)
on virus production was investigated by infecting BSR
cells at different MOls, 0.01, 0.1, and 1. Our results
indicated the maximum titers achieved in BSR cells
when MOI increased from 0.01 to 0.1 (Fig. 2). At the
MOI= 0.1, the maximal virus titer was obtained, and it
reached 1.5 x 107 FFU/ml.

Time-course analysis of CVS-11 production in BSR
cell. For determining the best time for virus harvesting,
we harvested the produced virus at different times. Time-
course analysis of CVS-11 titers showed that the highest
titer was achieved at 72 h post-infection.

Immunofluorescence staining of BSR cells. Staining
of BSR cells with rabies anti- nucleocapsid FITC-
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conjugated, infected cells with CVS-11 exhibited
brilliant, green-apple fluorescence particles under an
immunofluorescence microscope representing rabies
virus antigens (Fig. 4).

DISCUSSION

Nowadays, cell culture systems play a significant role
in the research and production of viruses. Many
approved viral vaccines were produced by amplifying
virus in cell culture systems, and many viral antigens in
diagnostic Kkits were developed by producing viral
antigens as recombinant in cell culture systems [26, 27].
On the other hand, many aspects of viral life cycles have
been understood by in-vitro research in cell culture
systems [28, 29].
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Fig. 2. Growth kinetics of cell-adapted virus using different MOI. Growth kinetics of BSR cell adapted CVS11 rabies virus using 1,
0.1, and 0.01 MOI. Note that 0.1 MOI of the virus is the most suitable for optimum virus titer (about 1.5x107), at around 72 h post-
infection.
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Fig. 3. Time-course analysis of CVS-11 using MOI of 0.1. The highest titer was achieved at 72 h post-infection and then
decreased gradually.

Fig. 4. BSR cells infected with CVS strain of rabies virus and stained by a fluorescent antibody test. Note bright apple-green
fluorescent foci in 80-90% of cells.
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Baby hamster kidney (BHK-21) cell line is commonly
used in research and the industries  with
biopharmaceutical products [30]. This cell line was first
established by Stoker and Macpherson in 1961 [29]. The
advantages of BHK cell lines like their robust cell
growth, easy maintenance, high cell densities,
susceptibility for various viruses, and their ability to
grow in suspension culture systems enable this cell line
to be a suitable candidate for laboratory and large scale
applications like manufacturing rabies vaccines [15, 31].

Most studies on the production and optimization of
different rabies virus strains have focused on suspension
culture systems at large scales for vaccine production
[32-34]. On the other hand, in available protocols for
CVS-11 production on laboratory scales, there is no clear
indication of which MOI of CVS-11 is suitable for BHK
cell and the exact time of virus harvesting [24].
Furthermore, commercial reagents quality like FBS can
affect the results and virus vyield [35]. So, the
establishment and normalization of virus production with
given reagents in each laboratory are mandatory.
Moreover, in reference laboratories, practical procedures
for planning and selecting internal quality control (1QC)
are essential to maintain assays reproducibility [24, 36].
In this respect, we designed this study to find an optimal
condition of CVS-11 virus production in adherent cell
culture systems for lab-scale.

In this study, we observed that infection of BSR with
MOI of 0.1 resulted in a suitable titer of CVS-11 virus,
but infections with MOI 0.01 or 1 could not yield a
suitable titer. In the recent WHO recommendation for
CVS-11 production [ 37], there is no detail about the
optimal MOI and virus harvesting time in the BHK-21
cell line, and it has been indicated that they should be
found experimentally. In the OIE recommendation for
CVS-11 production, the MOI ranges from 0.1 to 0.5, so
each laboratory requires achieving an optimal MOI. Our
finding was in agreement with other previously
published data [15, 38], in which MOI of 0.1 resulted in
a high titer of virus. Patel et al. (2015) reported that
maximum virus titer obtained by infection of cells with
0.1 MOlI, but inoculation with MOI of 0.01 or 1, resulted
in low titer of the virus [15]. Although they used mice
passaged of CVS-11 strain of rabies virus (passage-2)
after adaptation (10-passage) in BHK-21 cells, while we
used cell-cultured adapted CVS-11 strain of rabies virus
(passage-23), but the optimal MOI was similar. This
similarity suggests that CVS-11 can quickly adapt to the
BHK-21 cell line. A similar observation was reported for
the rabies virus PV strain using the BHK-21 cell line
[38]. It is evident that using a high MOI will result in
simultaneous infection of all the cells, affecting the cell
growth rate, and only one virus replication cycle of the
virus will occur. As cytopathic cell effects occur more
rapidly, a lower virus titer is produced. Furthermore,
using high MOI is not suitable from an economic
standpoint and results in decreased viral laboratory
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stocks and increased laboratory costs. On the other hand,
using very low MOI will cause minimum infection of
cells, slow down virus kinetic growth, and delay virus
harvesting in proper time [39]. We also found that the
optimum time of harvest at 35 C was ~72 h post-
infection. Within three days, virus titers increased
significantly to 1.5% 107 FFU/mI. As before mentioned,
in the WHO protocol for CVS-11 production [37], no
apparent optimum time for virus harvesting is available,
and it should be determined experimentally. In our study,
the optimum harvesting time was not similar to others
reporting an optimum harvesting time of 48 h post-
infection [15, 38]. The variation might be due to the
difference in temperature for virus propagation, as they
practiced virus propagation at 37 °C. Also, depending on
other parameters like the virus strain, adaptation level,
and MOI, optimum harvest time for rabies virus ranges
from 2 to 7 days [40-42].

The present work optimized two critical parameters, i.
e., MOI and harvesting time in the BSR cell line, to
produce a suitable CVS-11 virus titer for using in the
Rabies Reference Laboratory of Pasteur Institute of Iran
as a challenge virus. Finally, optimizing processes like
virus production on a laboratory scale can save
laboratories resources and lower the cost by maximizing
productivity.
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