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Abstract

AIM: To develop a novel process for production of HAV in
Vero cells grown on microcarriers in a bioreactor.

METHODS: Vero cells infected with HAV strain W were
seeded at an initial density of 1×105 cells/mL into a 7-L
bioreactor containing Cytodex-I microcarriers. During the
stage of cell proliferation, the following conditions were
applied: pH 7.2±0.2, temperature 37±0.2 °C, dissolved
oxygen 40% of air saturation and agitation rate 40 r/min .
After the stage of virus culture started, the culture conditions
were altered to pH 7.2±0.2, temperature 35±0.2 °C,
dissolved oxygen 25% of air saturation, agitation rate 50 r/min
and perfusion of fresh medium at a flux of 20 mL/h. During
the course of fermentation, cell density, HAV antigen titre,
glucose, lactate and ammonia levels were monitored. A
control experiment using conventional static culture was
conducted in the T150 flask.

RESULTS: After a 28-d cultivation, cell density increased
to 14.0×105 cells/mL in the bioreactor, 5.6×109 viable cells and
4 000 mL virus suspension with a titre of 1:64 were harvested.
The viral antigen output per cell unit in the bioreactor was
3-fold higher than that in the T150 flask. Meanwhile the
metabolic mode of Vero cells did not change after the infection
with HAV strain W.

CONCLUSION: The process for production of HAV in Vero
cells grown on microcarriers in a bioreactor is a novel,
efficient and practical way to obtain virus antigen for vaccine
purpose. This approach produces more cells and HAV
antigen than the conventional static culture. With futher
improvement, it is possible to be used for the production
of hepatitis A vaccine.
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INTRODUCTION
Hepatitis A continues to be one of the most frequently reported
infectious diseases with a worldwide distribution, and the

continued occurrence of extensive community wide outbreaks
indicates that hepatitis A remains a major public health problem.
The availability of hepatitis A vaccine provides the opportunity
to substantially lower disease incidence and potentially eliminate
infection[1,2]. Several inactivated and live-attenuated hepatitis
A vaccines have been developed. Due to the high protective
efficacy, immunogenicity and safety, the inactivated vaccines
are more favored[3-6]. At present several inactivated hepatitis A
vaccines such as HAVRIXR, VAQTAR, AVAXIMR and EPAXALR

are commercially available[7-9]. Inactivated hepatitis A vaccine
is prepared by methods similar to those used for inactivated
poliovirus vaccines. Cell-culture-adapted virus is propagated
in human fibroblast cells, usually in MRC-5 cells, purified from
cell lysates by ultrafiltration and exclusion gel chromatography
or other methods, inactivated with formalin, and absorbed to
an aluminum hydroxide adjuvant. Compared with the production
of live- attenuated vaccines, much larger quantities of HAV
antigen are required for the production of inactivated vaccines.
Thus the production of inactivated hepatitis A vaccines is
usually hampered by the difficulty of preparation of large amounts
of virus antigens in the conventional static flask or roller bottle
cultures. The technique of microcarrier cell culture was first
developed in the late 1960 s and has been used successfully for
the production of rabies and poliomyelitis vaccines. One definite
advantage of microcarrier cell culture is the ability to offer a
high product output, which may help to solve the shortage of virus
antigens for production of inactivated hepatitis A vaccines[10-13].
    As mentioned above, most hepatitis A vaccines are commonly
prepared by cultivation of HAV in human fibroblast cells
including MRC-5 cells. No vaccine is produced by microcarrier
technology due to the unsuitability of growth for MRC-5 cells
on microcarriers. For HAV production in a microcarrier system
it is necessary to establish suitable cells on microcarriers. Vero
cells can grow well on microcarriers. But HAV is very difficult
to adapt to grow in Vero cells. There are few reports about the
isolation and adaptation of HAV in Vero cells. Until recently, no
report about the production of hepatitis A vaccines in Vero
cells grown on microcarriers in bioreactor is available. To verify
the feasibility of this approach, HAV strain W was isolated and
adapted in Vero cells in our previous work. This study described
the production of HAV strain W in Vero cells grown on Cytodex-I
microcarriers in a 7-L bioreactor.

MATERIALS AND METHODS
Bioreactor
A 7-L cell bioreactor (Applikon. Co., Holland) was used. Its
work volume is 4 L. The value of dissolved oxygen was regulated
by importing air mixture with different ratios of O2, N2, CO2 and
air. The value of pH was controlled by addition of NaHCO3.

Microcarrier
Cytodex-I microcarrier (Pharmacia Fine Chemicals, Uppsala,
Sweden) was used.

Medium
Cells were grown in minimum essential medium (MEM; Gibco,
Glasgow, UK) supplemented with 100 U/mL penicillin, 10 mmol/L



of glucose, 5 mmol/L of glutamine and 100 mL/L bovine calf
serum. In both virus culture medium and the feeding medium,
bovine calf serum was reduced to 2 %.

Cell line and virus
Vero cell line was obtained from ATCC and preserved at our
laboratory. Vero cells were used between passages 142 and 146
in this study. HAV strain W was isolated and adapted in Vero
cells at our laboratory. The antigen titre of HAV used for inoculation
was 1:128.

Virus adsorption
Vero cells were seeded into the T150 flasks at the concentration
allowing for the formation of a confluent monolayer in 4-5 d.
The monolayer cells were trypinsized and collected to make
cell suspension in a Bellco agitation bottle. The cell suspension
was inoculated with HAV strain W and incubated at 35 °C with
a stirring of 30 rpm for 6 h.

Bioreactor culture
Bioreactor culture was divided into two stages including cell
proliferation and virus culture. Infected Vero cells were seeded
into the 7-L bioreactor at an initial density of 1×105 cells/mL.
During the stage of cell proliferation, the following conditions
were applied: pH 7.2±0.2, temperature 37±0.2 °C, dissolved
oxygen 40% of air saturation and agitation rate 40 r/min. After
the cell density reached to 1×106 cells/mL, stage of virus culture
started and the used medium was replaced with maintenance
medium. The culture conditions were altered to: pH 7.2±0.2,
temperature 35±0.2 °C, dissolved oxygen 25% of air saturation
and agitation rate 50 r/min. Meanwhile, perfusion was started
and the perfusion rate was modulated to 20 mL/h. After a 28-d
culture, infected cells were trypinsized and collected for the
harvest of HAV antigen.
       In a further study, M199 medium was used instead of MEM
during virus culture. A circulating equipment was used to
increase the dissolved oxygen in the feeding medium.

Conventional static culture
Infected Vero cells were seeded at an initial density of 1×105 cells/mL
into the T150 flask containing 150 mL MEM medium. The
cultures were incubated at 35 °C and the medium was replaced
each week. After a 28-d culture, infected cells were trypinsized
and collected for the harvest of HAV antigen.

Metabolite analysis
Samples taken from the cultures in the bioreactor were centrifuged
at 1 500 r/min  for 10 min. The supernatants were stored at -20 °C
until tested. Glucose, ammonia and lactate concentrations were
monitored by enzymatic assays, using specific assay kits (16-UV,
171-UV and 826-UV for glucose, ammonia and lactate
respectively; Sigma, St. Louis, USA).

HAV antigen titre assay
Harvested cells were applied to three cycles of freezing and thawing
following ultrasonication. After centrifugation at 1 500 r/min
for 10 min, HAV antigen titre in the supernatant was determined
by ELISA.

RESULTS
Growth and metabolism of infected Vero cells in bioreactor
Seventy-eight hours after the seeding, infected Vero cell density
increased from 1×105 cells/mL to 11.17×105 cells/mL. At this
point, the mode of bioreactor culture was switched from cell
proliferation to virus culture. During the stage of virus culture,
the cell density was kept above 1×106 cells/mL, reaching a maximum

of 15.60×105 cells/mL at 402 h. It achieved 14.0×105 cells/mL at the
end of virus culture, indicating a 14-fold increase over the initial
cell density. The initial concentration of glucose was 7.8 mmol/L
at the beginning of cell proliferation stage. As the cell density
increased, the concentration declined. The rate of declination
gradually became slow as a result of the feeding of fresh medium.
The residual glucose concentration was 0.63 mmol/L at the end
of virus culture. The initial concentrations of lactate and ammonia
were 1.27 mmol/L and 0.18 mmol/L respectively at the beginning
of cell proliferation and increased along with the increasing
of cell density. The lactate level increased from 3.87 mmol/L to
12.68 mmol/L and ammonia level from 1.19 mmol/L to 2.68 mmol/L
during the stage of virus culture. The rate of accumulation also
became slow due to the feeding of fresh medium at the end of
virus culture. Figure 1 shows the variations of cell density, glucose,
lactate, and ammonia levels.

Figure 1  Growth and metabolism curves of Vero cells in-
fected with HAV strain W. (  ) Viable cell density (105 cells/mL),
(  )Glucose (mmol/L), (  ) Lactate (mmol/L), (  ) Ammonia
(mmol/L).

Figure 2  Production of HAV antigens by Vero cells grown on
Cytodex-I microcarriers in a 7-litre bioreactor. (   )  Viable cell
density (105 cells/mL), (  ) HAV antigen titre (1:).

Virus culture in bioreactor
No HAV antigen was detected during the stage of cell proliferation
and at the early stage of virus culture. At 160 h, HAV antigen
was first detected with a titre of 1:8 and achieved a maximum of
1:64 at 570 h (Figure 2). Four thousand mililitres of virus
suspension with a titre of 1:64 was obtained at the end of virus
culture.

Cell and antigen yields in flask
After a 28-d cultivation, 4×107 viable cells and 5 mL virus suspension
with a titre of 1:128 were obtained from a T150 flask.

Improvement of virus culture in bioreactor
MEM medium was replaced by M199 medium, which contained
richer nutriments and was more suitable for virus growth in
cells. A circulating equipment was added to increase the
dissolved oxygen in the feeding medium. With these
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modifications, antigen titre achieved 1:128 in the harvested
suspension.

DISCUSSION
In this study the growth kinetics and metabolic properties of
Vero cells infected with HAV strain W were investigated. The
results were similar to those of uninfected Vero cells in our previous
work (Data not shown) and other studies[14,15]. This indicated
that the metabolic mode of Vero cells did not change after infection
with HAV strain W.
     The yield of viable cells was 5.6×109 in the bioreactor
whereas 4×107 in the T150 flask. The former was 140-fold higher
than the latter. The yield of HAV antigens was 4 000 mL with a
titre of 1:64 in the bioreactor and equaled to the yield from 400
T150 flasks. Furthermore, per 105 cells produced 1 mL HAV
antigens with a titre of 1:4.57 in a bioreactor compared with
only a titre of 1:1.6 in the T150 flask, that is the antigen output
per cell unit in the bioreactor was 3-fold higher than that in the
T150 flask. The findings mentioned above demonstrated this
process for the production of HAV in Vero cells grown on
microcarriers in a bioreactor could provide much higher yields
of viable cells and virus antigens than that in conventional
static culture. The antigen output per cell unit was also apparently
higher. The technique of microcarrier culture in a bioreactor
could offer numerous advantages over traditional techniques,
such as a high ratio of surface area to volume, an efficient
monitoring and control of key process parameters including
temperature, pH and dissolved oxygen. Moreover, the culture
substrate conditions could be controlled exactly and regulated
in batch or fed-batch operation. The optimal metabolism and
physiological status of cells could be achieved through the
feeding of fresh medium and removal of toxic metabolites. Thus
a high cell density and product output rate could be easily
achieved[15-18].
      In conclusion, the process for production of HAV in Vero
cells grown on microcarriers in a bioreactor is a novel, efficient
and practical way to obtain virus antigens for vaccine purpose.
This approach produces more cells and HAV antigens than the
conventional static culture. The optimal growth conditions for
Vero cells and HAV strain W in a bioreactor are being further
investigated to enhance the yield of virus antigens.
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