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Abstract:

Introduction: The preparation of seasonal inﬂuenza virus vaccines and especially its large-scale production
requirement after the emergence or reemergence of a pandemic will need an alternative host cell system due to
current suboptimal methods and the insufficiency of embryonated chicken eggs needed for producing them.
In response to the vital and increasing demand for alternative means for influenza vaccine production, a cell
line culture on microcarriers could be a potential alternative to the egg-based production. Methods: Influenza
A/PR/8/1934 H1N1 was purified and quantified by plaque assay. The purified virus with 0.01 multiplicity
of infection (MOI) was inoculated on Madin-Darby canine kidney-Siat1 (MDCK-SIAT1) cell line. Cytodex-1
microcarrier beads (2 g/l and 2.0×105cells/ml) were used in a spinner flask to culture MDCK-SIAT1cells .The
culture medium was harvested and clarified and the virus yield was quantified by 50% cell culture infective dose
( CCID50) and hemagglutination assays. Next, the virus was concentrated and purified by ultra-filtration and ultra-centrifugation, respectively. Results: MDCK-SIAT1cells attached to the microcarriers and the cell numbers
were increased efficiently. The cellular yield from the microcarrier culture was 2×106 cells/ml after 4-5 days. The
yield of the virus titer measured by CCID50 and hemagglutination assays after the clarification was 108 CCID50/
ml and 40960 HA unit/ml, respectively. Conclusion: MDCK-SIAT1cells may be considered as a new substrate
for the production of influenza vaccines. Using Cytodex-1 microcarrier beads can be an appropriate strategy to
improve the viral yield and to lower the cost of influenza vaccine production. Vac Res, 2014, 1 (1): 35-38
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INTRODUCTION
some influenza viruses in birds, can be toxic to the eggs. In
such situations, the egg-based influenza vaccine production approaches would be impractical [5- 6].
These limitations put emphasis on the necessity for a cell linebased production system that could replace eggs in the production of inﬂuenza virus vaccines. In this respect, cell culture-based production systems such as Madin-Darby canine
kidney-Siat1 (MDCK-SIAT1) cells, are extremely attractive for
a number of reasons. First, in MDCK-SIAT1 cells, the selection
of receptor-binding variants does not take place. Second, they

Influenza has had significant historical impact and continues to
pose a serious world-wide threat to public health [1]. The production of inﬂuenza virus vaccines is dependent on the availability of embryonated eggs for the virus propagation. This is
an extremely cumbersome process which conveys many major drawbacks in respect to the selection of the virus variants
and the presence of adventitious viruses. In the 1980s, it was
known that the growth of influenza viruses in chicken eggs
result in selection of receptor-binding variants with mutation
at the antibody binding site of the hemagglutinin gene and in
many cases it can lead to changed viral antigenic properties
[2- 4]. In addition, eggs have to be available in large quantities,
particularly in pandemic situations. Any disruption in the egg
supply can lead to delays in vaccine production. On the other
hand, some influenza strains grow more slowly or less robustly
than others and some viral vaccine strains, given the origin of
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create an easier supply of the substrate which in case of a pandemic is of particular importance. Third, the viruses produced
represent more closely the wild-type virus in comparison
with the egg-adapted viruses and as a consequence, vaccines derived from the mammalian cell-grown viruses induce a higher cross-reactive protective immune response.
Fourth, the risks of contamination by adventitious viruses
are signiﬁcantly reduced, making the use of thiomersal (a
mercury-containing compound used to maintain a sterile
vaccine production line), dispensable. Fifth, the allergic
reactions induced by egg proteins are absent [6- 9]. MDCK-SIAT1 cell line has been derived by the stable transfection of MDCK cells with the cDNA of human α-2, 6-sialtransferase (SIAT1) by Matrosovich and colleague [10].
The cell lines used in the production of vaccines are either
suspension cells or anchorage-dependent cells. Microcarrier
systems are suitable for anchorage-dependent cells which
require attachment and spreading of the cells [11]. The need
to establish a better method of culturing anchorage-dependent cells in large scale prompted the development of the microcarriers. The ﬁrst microcarrier culture was demonstrated
by Van Wezel in 1967 with diethyl-aminoethyl (DEAE) Sephadex A50 particles, originally designed as column-packing beads for ion exchange chromatography [12]. The ﬁrst
industrial-scale product ( i.e. inactivated polio vaccine) produced in a microcarrier culture was subsequently introduced
by Van Wezel in 1972 [13].
In microcarrier cell culture technology, anchorage-dependent animal cells are grown on small spherical surfaces (100
to 300 µm diameter) and at density of 1.02-1.05 g/cm3
that are maintained in stirred suspension cultures. Owing
to their extremely high surface area to volume ratio, the
microcarriers are an attractive alternative to conventional monolayer cell culture techniques, such as roller-bottle,
stirred-tanks, perfusion or air-lift methods [14-15].
Cytodex-1 is a general purpose microcarrier, formed by
substituting a cross-linked dextran matrix with positively
charged DEAE groups, distributed throughout the matrix.
It is particularly suitable for most established cell lines and
for production of viruses or cell products from cultures
of primary cells and normal diploid cell strains [14]. It is
interesting to note that for many cell types, the initial attachment rate to charged microcarriers, such as Cytodex-1
is faster than to those coated with collagen which has an
excellent surface for the cell adhesion [16].
In this study, influenza A/Puerto Rico/8/34 (H1N1) virus was
propagated on MDCK-SIAT1 cell line and was expanded on
the Cytodex-1 microcarrier. The efficiency of virus growth
was evaluated by CCID50 and hemagglutination assays. The
supernatants were concentrated and purified by ultrafiltration
and ultracentrifugation procedures, respectively.

beads (Sigma-Aldrich, Sweden) were washed with sterile
PBS (pH 7.2) by allowing them to settle to the bottom of
the bottle and aspirating the supernatant just above the carriers, followed by replacing the buffer with fresh PBS. The
microcarrier beads were then disinfected by autoclaving
(120°C, 15 min) and washing was repeated with complete
medium. After resuspending the micro-carrier beads in
complete medium (Dulbecco’s modiﬁed Eagle’s medium;
DMEM, Gibco) containing antibiotics (100 IU ⁄ml penicillin and 100 µg ⁄ml streptomycin), they were allowed to
equilibrate to the temperature and pH in a humidified incubator (37°C, 5% CO2) [17].
Seeding the spinner flask. The prepared microcarrier beads
were dispensed (2 g/l) to a siliconized spinner flask (Cell
Spin, Integra Biosciences, Germany). MDCK-SIAT1 cells
(2×105/ml) were added to the flask then complete medium
was added to approximately half of the final volume. The
flask was placed on a stir plate in an incubator (37°C, 5%
CO2), agitated with a 1 min on and 20 min off cycle for 4
h at 55 rpm. After 4 h, a half-ml sample was removed and
viewed under a microscope to confirm the cells attachment.
Subsequently, complete medium was added up to 70% of the
full volume of the flask. Finally, the flask was placed on the
stir plate in the incubator as above at 50 rpm as shown in
Fig. 1[18- 20].

Fig. 1. MDCK-SIAT1 cell growth on Cytodex-1 microcarriers
in spinner-flask cultivation

Feeding the microcarrier culture and harvesting the supernatants. The culture was monitored by counting the cells,
determining the cell’s viability, measuring its glucose and lactate concentrations and visually inspecting its pH indicator.
For feeding the culture, the spinner flasks were transferred
from the incubator to a laminar flow hood and after allowing the microcarrier beads to settle-down, half the supernatant
volume was carefully aspirated and replaced with fresh complete medium and the flasks were incubated as above.

MATERIALS AND METHODS
Cell line and virus strains. MDCK-SIAT1 cell line was
kindly provided by Dr. Talat Mokhtari-Azad (Department
of Virology, School of Public Health, Tehran University
of Medical Sciences). Influenza virus A/Puerto Rico/8/34
(H1N1) was kindly provided by Dr. Xavier Saelens (University of Ghent, Ghent, Belgium).
Preparing the microcarriers. Cytodex-1 microcarrier
Volume 1 - Number 1 - Aug 2014

Virus inoculation. Following quantification of the virus by
plaque-forming unit assay, approximately 80% of the cell culture growth medium was replaced with complete DMEM medium without serum, with 2 µg/ml L-1-tosylamido-2-phenyle-
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thyl chloromethyl ketone (TPCK)-treated trypsin (Sigma). The
MDCK-SIAT1 cells were infected with PR8 virus at a MOI of
0.01. Finally, the virus stocks were collected from the microcarrier culture supernatants at 96 h post-infection [21].

of growth. The yield of the virus titer for cells grown on Cytodex-1 yielded 108 CCID50/ml and hemagglutination assay indicated 40960 HA unit/ml. The virus infectious particles were
obtained after 70-h incubation post inoculation. Different Cytodex-1 concentrations from 1 to 3 g/l and initial cell seeds from
0.5×105 to 3.0×105 cells/ml were tested in a 2-l spinner flask,
in order to achieve reliably high ﬁnal cell densities higher than
2×106 cells/ml. However, the maximum cell numbers and the
growth behavior of MDCK-SIAT1cells showed that a starting
condition with 2 g/l Cytodex-1 and 2.0×105 cells/ml seeding
cell density were the optimal conditions to obtain the maximal
yield. The Influenza virus buoyant density in sucrose was 1.191.21 g/ml; therefore, we used 10% and 60% step gradient sucrose for purification of the virus.

Clarification and hemagglutination (HA)-assay. Cell
derbies and Cytodex-1beads were completely removed by 3
rounds of centrifugation (5000 rpm, 10 min). The clarified
supernatants, considered as the source of the influenza virus, were diluted in two-fold serial dilutions with PBS and
50 µ1 of each dilution were added to 50 µl of a 0.5% suspension of chicken red blood cells in a U-shaped microtitre
plate. After gentle agitation, the plates were left undisturbed
for 30 min at room temperature and then read. The amount
of HAU corresponded to the reciprocal value of the highest
virus dilution that showed full hemagglutination [22].

DISCUSSION

Determination of infectious viral particles. After harvesting the supernatants, the infectious viral particles were determined in a 96 well plates by measuring 50% cell culture infective dose (CCID50/ml). Initial cell density of about 1.0×105
cell/cm2 was inoculated with 10 fold serial dilution (100 µl
of each dilution) of the virus samples in quadruplicates. The
logarithmic virus titer, log10 (CCID50/ml), for individual virus samples was done 48-72 h post-infection by the Spearman-Karber formula [23].

Influenza virus is one of major health concerns that has had
substantial impacts on the human society as well as the poultry
industry. Vaccination remains as one of the most effective strategies to mitigate this viral disease. The results of several studies
have shown that the passage of the virus in eggs can modify the
composition of the antigenic sites of hemagglutinin, making it
different from the wild-type virus [2- 4]. The immune responses
to such modified hemagglutinin sites would not match exactly
to the structure of the circulating virus, leading to inefficacy of
the egg-based vaccines [25]. Owing to the ever more obvious
limitations of embryonated eggs for manufacturing inﬂuenza
vaccines, the search for a stable pipeline and a reliably scalable
cell culture system for manufacturing inﬂuenza vaccines have
drawn substantial attention, particularly in the pandemic situations. MDCK, PER.C6, and Vero cells are the only recommended cell lines for manufacturing influenza vaccines by the World
Health Organization [6]. In this study, MDCK-SIAT1 cells were
selected to be used because this cell line was shown to yield high
titers of inﬂuenza virus without changing antigenic sites of the
hemagglutinin protein [9, 26].
The microcarrier culture is a popular option for cell expansion
because of the ease of scaling-up and its readily extendable capacity (up to 10’000 liters). The micro-carriers provide a high
surface area to volume ratio for the growth of the anchorage-dependent cells in unit batch cultures. At least, 18 different types
of microarriers of various formulations and coating are now
commercially available. The reason for selecting Cytodex-1 microcarrier beads in this study was a previous report by Julia A.
Tree and colleagues (2001) which indicated their suitability for
production of inﬂuenza virus from MDCK cells that resulted in
high yields up to 0.8-1.3×109 PFU/ml and 5.0×104 HAU/ml [27].
Our results were quantitatively comparable in terms of cell density to those obtained by Montagon et al. [28] who reported a
cell density level of 1.6×106 MDCK cells/ml on 1 g/l of Cytodex-1. Moreover, our obtained virus titre was similar to Kessler et al. [29] who have demonstrated greater influenza virus
particles, yielded from MDCK cells when grown on Cytodex-1
(8.5 Log CCID50) in trypsin-free conditions compared to porous
microcarriers (7–7.5 log CCID50). In a similar approach, Genzel
et al. [21] have also shown a titer of 2.4 log HA/100µl of Equine
inﬂuenza strain A/Equi 2 (H3N8) from MDCK cells grown on
Cytodex-1 microcarriers.
Interestingly, Mendonca et al. [30] and Frazzati-Gallina et al.
[31] have shown that Cytodex-1 microcarriers could be used

Concentration and purification. Tangential Flow Filtration
(TFF) ultra-filtration set (Millipore, USA) was used for the concentration of the clarified supernatants using a 300- kDa molecular weight cut-off membrane filter. The purification was carried
out by stepwise sucrose equilibrium density gradient ultracentrifugation ( 10 - 60% ; w/v) for (100’000 x g, 4°C, 1.5 h). The
final purified virus particles were harvested from the boundary of the two sucrose layers and dialyzed against HBS at 4°C
overnight using a Slide-A-Lyzer dialysis cassette with 10-kDa
protein MW cut-off to remove the residual trace of sucrose [24].

RESULTS
As shown on Fig. 2, MDCK-SIAT1 cells attached and grew
well on microcarrier beads.

Fig. 2. Cell Attachment of MDCK-SIAT1 cell on
Cytodex-1microcarrier beads inside a spinner flask after
80 h, viewed under microscope at 20X magnification

The cellular yield from the microcarrier cultures containing 2 g/l of solid carriers was 2×106 cells/ml after 4-5 days
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to collect several supernatant harvests from Vero cells grown
under continuous or batch culture conditions when infected
with rabies virus. They have also reported that medium renewal
of Vero cell culture at a high ﬂow rate resulted in the highest
cell density (2.5×106 cells/ml) on Cytodex-1. In our follow-up
study, we intend to use this method to collect several supernatant harvests from MDCK-SIAT1 cells grown on Cytodex-1
carriers, in order to increase the virus yield from several shedding of the influenza infectious particles.
In conclusion, the aim of this work was the development and
optimization of influenza virus propagation in Cytodex-1 microcarrier beads using MDCK-SIAT1 culture for the first time.
Cytodex-1 and MDCK-SIAT1 cell line provided an efficient
and robust condition for large-scale production of viruses that
may replace embryonated eggs and other cell lines for manufacturing of inﬂuenza virus vaccines.
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