Human Vaccines & Immunotherapeutics 8:9, 1230-1235; September 2012; © 2012 Landes Bioscience

Production and evaluation of a
chromatographically purified Vero cell rabies
vaccine (PVRV) in China using microcarrier
technology

Pengcheng Yu,'" Ying Huang, '* Yibin Zhang? Qing Tang'* and Guodong Liang'

'State Key Laboratory for Infectious Disease Prevention and Control, Institute for Viral Disease Control and Prevention; Beijing, P.R. China; *Liaoning Chengda Biology Co., Ltd;
Hai Dian District; Beijing, P.R. China

These authors were co-first author and contributed equally to this work.

Keywords: immunogenicity, microcarrier, neutralizing antibody, rabies vaccine, vero cells

Abbreviations: ATCC, American Type Culture Collection; CVS, challenge rabies virus; FDA, Food and Drug Administration;
GMT, geometric mean titer; MIT, mouse inoculation test; PHKCYV, primary hamster kidney cell culture vaccine; PVRYV, purified
Vero cell rabies vaccine; PCECYV, purified chick embryo cell rabies vaccine; RVNA, rabies virus neutralizing antibody;

RFFIT, rapid fluorescent focus inhibition test; WHO, World Health Organization

China is a high population country with millions of animal bite cases every year; thus, it is necessary to explore and
develop more effective and productive rabies vaccines for human use. To establish a safe, effective, inexpensive and
high-yield rabies vaccine, a non-adjuvant purified Vero cell rabies vaccine produced in the SPEEDA PVRV microcarrier
bioreactor was developed by Liaoning Chengda Biology Co. Ltd. in China. This vaccine was produced using Vero cells
that were cultured in a microcarrier bioreactor. A microcarrier bioreactor containing 25 g/L of Cytodex-1 was used for
perfusion culture. The Vero cell culture density was up to 1.2-1.5 x 107 cells/ml, viruses could be constantly harvested
for 18-22 days, and the resulting vaccine immunizing potency was > 4.5 IlU/ml. Vaccine safety and immunogenicity
post-immunization were also assessed. A total of 602 volunteers were enrolled and divided into two groups that were
vaccinated with either SPEEDA PVRV or VERORAB PVRV on days 0, 3, 7, 14 and 28. All subjects vaccinated with SPEEDA
PVRV showed no serious local or systemic adverse effects. The positive conversion rate of serum neutralizing antibodies
against the rabies virus reached 100% in both the test and control groups (inoculated with VERORAB PVRV) at 14 days and
45 days after vaccination, and no significant difference was found between the neutralizing antibody geometric mean
titers (GMTs) of the two groups. SPEEDA PVRYV is appropriate for mass production and shows satisfactory clinical safety
and immunogenicity for human post-exposure prophylaxis of rabies.

Introduction

Rabies, one of the major zoonotic diseases caused by the rabies
virus, is almost always 100% fatal once symptoms occur. Pre-
or post-exposure rabies vaccination is the only effective way to
prevent human rabies. In China, more than 2,000 rabies cases
occur each year, and 87.5% of these cases are caused by dog bites.!
Moreover, over 12 million persons are inoculated with the rabies
vaccine for pre- and post-exposure prophylaxis every year.?

Prior to 1980, the rabies vaccine for human use was produced
in China from sheep brain tissue, which induced severe adverse
effects, such as neuroparalysis and encephalomyelitis, and its
immunogenicity was not entirely satisfactory. In 1980, China
abandoned animal brain tissue vaccine production in favor
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of cell culture vaccine production. Presently, two types of cell
culture human rabies vaccines are produced in China: primary
hamster kidney cell culture vaccine (PHKCV) and Vero cell
rabies vaccine (PVRV).? Currently, cell culture rabies vaccines
are produced using the traditional roller bottle method by most
manufacturers in China. The roller bottle requires more labor
and a larger space, provides a small surface area for cell growth
per unit volume, shows a low cell density, and limits cell culture
monitoring. Thus, vaccine production using the traditional roller
bottle leads to a low yield and low effectiveness. Due to the high
incidence of rabies and the large dosages needed for pre- or post-
exposure rabies vaccination due to the high population in China,
the need to explore and develop more effective and productive
rabies vaccines for human use is urgent.
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Table 1. Comparison of cell density, virus titer, and harvest time among different volumes of microcarriers

Microcarrier density  Primary cell density Final cell density

Highest viral titer Average viral titer

Harvest time (d)

(g/L) (cells/ml) (cells/ml) (LD, /ml) (LD, /ml)
5 0.3 x10° 0.3 x 10’ 7.2 6.7 13
15 0.8 x 10° 0.8 x 107 7.6 7.0 19
20 1.2 x 10° 1.2 x 107 8.0 7.2 18-22
25 1.5 % 10° 1.5 %107 8.5 7.6 22-24
Table 2. Quality indicators in three batches of purified intermediate SPEEDA PVRV
Protein level Protein level . . . Residual DNA Residual bovine
Sample Pefl et Impurity protein  Glyco-protein . Potency
before purification  after purification level (pg/0.5 serum albumin
number removal (%) recovery (%) (1U/0.5 ml)
(ng/g) (na/g) ml) (ng/0.5 ml)
20030301 14600 75 99.95 79.5 <10 <250 5.70
20030302 15100 72 99.95 80.1 <10 <125 7.01
20030303 15900 73 99.95 79.7 <10 <250 6.02

In 2002, microcarrier bioreactor cell culture technology was
introduced by Liaoning Chengda Biology Co. Ltd. in China from
Bari Consultants LLC Company in Florida. Based on the diges-
tion, absorption, and innovation of the microcarrier technology,
SPEEDA-purified Vero cell rabies vaccine (SPEEDA PVRV) was
developed using Vero cells and the rabies virus of the Pasteur vac-
cine strain PV2061. SPEEDA PVRV was the first purified Vero
cell rabies vaccine for human use based on the bioreactor technol-
ogy in China. Since it was approved by the China Food and Drug
Administration (FDA) in 2005, the production process had not
been changed. To date, it has been used for nearly 7 years since
the vaccine was developed, and a total of 25 million people have
received this vaccine in China and some other countries where
SPEED PVRYV had been registered including India, Thailand,
Uzbekistan, Kyrgyzstan, Egypt, Malawi and other 20 countries.
Clinical observations of vaccination results indicate that the vac-
cine shows satisfactory safety and immunogenicity. The present
study summarizes the production techniques and efficacy evalu-
ation of the vaccine usage in China over the past 7 years.

Results

Cell culture and virus amplification. The cell density could be
enhanced by increasing the concentration of the microcarrier,
which resulted in the varying virus titers and harvesting frequen-
cies. At a microcarrier concentration of 25 g/L, which was chosen
for the production, the cell density reached 1.5 x 107 cells/ml,
which was five times as much as the cell density on 5 g/L of
microcarriers, 1.88 times as much as that on 15 g/L of micro-
carriers, respectively, and slightly higher than that on 20 g/L
of microcarriers. The average virus titer harvested on 25 g/L of
microcarriers was 7.6 log LD, /ml, being 0.9 log LD, /ml higher
than that on 5 g/L of microcarriers, 0.6 log LD, /ml higher than
that on 15 g/L of microcarriers and 0.4 log LD, /ml higher than
that on 20 g/L of microcarriers, respectively. The effective har-
vest time of the viruses using 25 g/L of microcarriers was delayed
9-11 d as compared with that using 5 g/L of microcarriers, which
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was delayed 3—5 d compared with 15 g/L of microcarriers, and
were almost equal to 20 g/L of microcarriers (Table 1).

Virus titer and harvest time. The virus titer and harvest time
using two different cell culture processes (bioreactor and roller
bottle) showed that at a microcarrier concentration of 25 g/ L,
the highest virus titer was up to 8.5 log LD, /ml, the mean titer
was 7.6 log LD, /ml, and the effective harvest period was 22-24 d
at intervals approximately 10-12 times. Using a roller bottle,
the highest virus titer reached 6.5 log LD, /ml at 96 h post-
infection, the effective harvest was approximately 13-15 d at
intervals about four times normally.

Virus purification. The continuously harvested virus was con-
centrated by ultrafiltration and chromatographic purification was
then conducted with chromatography media using the Sepharose
gel system. Three batches of purified intermediate SPEEDA
PVRYV (lots 20030301, 20030302 and 20030303) were subjected
to quality testing; the protein level before and after purification,
residual DNA levels, residual bovine serum albumin levels, gly-
coprotein recovery, and potency were determined (Table 2).

SPEEDA PVRV quality testing. Sterilization and inacti-
vation of SPEEDA PVRV were performed according to the
Pharmacopoeia of the People’s Republic of China (the ninth edi-
tion issued in 2010). All quality test results were equal to or better
than the national standard of rabies vaccine quality for human use.
Specifically, the potency of SPEEDA PVRV was > 4.5 IU/dose,
which is much higher than the national standard (2.5 IU/dose)
(Table 3).

Safty of SPEEDA PVRV. Close observations for local and sys-
temic adverse reactions in volunteers at 30 min, 4, 24, 48 and 72
h after immunization showed no immediate reaction. Local reac-
tions were mainly occurred after the 1st and 2nd dose injection,
scarcely observed after the 3rd dose injection and none after the
4th and 5th dose injection. Local reactions were presented as itch-
ing and pain at the inoculation site. The local reaction rate of the
test group was 0.65% and that of the control group was 0.43%;
no significant difference was found between the two groups (x* =
0.6054; p > 0.05). Observations for systemic reactions in the two
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Table 3. Quality of SPEEDA PVRV according to the national standard of rabies vaccine for human use

Items National standard of rabies vaccine for human use SPEEDA ° PVRV
Sterility test Negative (-) Negative (-)
Residual bovine serum albumin <50 ng/dose <50 ng/dose
Potency test > 2.5 |U/dose > 4.5 |U/dose

Residual Vero cell DNA
Bacterial endotoxin

Total protein

< 100 pg/dose
< 50 EU/dose
< 80 p.g/dose

< 100 pg/dose
< 50 EU/dose
< 80 pg/dose

Host protein <4 pg/dose <4 pg/dose
Antibiotics <50 ng/dose =
pH 7.2-8.0 7.2-8.0
Table 4. Local reactions of the control and test groups after vaccination
Pain, itching Swelling Induration Total
Group Injection Observed subjects
number % number % number % number %
1 502 8 1.59 2 0.40 0 0 10 2.0
2 467 2 0.43 1 0.21 0 0 3 0.64
Test group 3 452 1 0.22 1 0.22 0 0 2 0.44
4 443 0 0 0 0 0 0 0 0
5 432 0 0 0 0 0 0 0 0
Total 2296 n 0.48 4 0.17 0 0 15 0.65
1 100 1 1.0 0 0 1 1.0 2 2.0
2 97 0 0 0 0 0 0 0 0
c;';::' 3 93 0 0 0 0 0 0 0 0
4 85 0 0 0 0 0 0 0 0
5 85 0 0 0 0 0 0 0 0
Total 460 1 0.23 0 0 1 0.22 2 0.43

groups showed that a few people presented with transient fever
(37.1-38.6°C) after the first dose, but no serious systemic adverse
reaction was observed. All subjects presenting with adverse reac-
tions received no medical intervention. Adverse reactions are
summarized in Table 4 (local reactions) and Table 5 (abnormal
reaction rate of temperature).

Serologic evaluation of SPEEDA PVRV. Fifty subjects in the
test group and 35 in the control group were randomly selected
for serum neutralization antibody testing. The results showed
that neutralizing antibody positive conversion rate were 0 at 0
d (virus neutralizing antibody (RVNA) concentration was less
than 0.2 IU/ml), and the neutralizing antibody positive conver-
sion rates were 100% at 14 d and 45 d when the RVNA concen-
trations were 0.8—11.9 IU/ml and 2.7-29.2 IU/ml respectively.
The specific RVNA concentration and RVNA geometric mean
titer (GMT) was shown in Table 6.

Discussion
Presently, cell culture rabies vaccines used in China are mainly
the primary hamster kidney cell culture vaccine (PHKCV) and

the purified Vero cell rabies vaccine (PVRV), which are produced
mostly in roller bottles. This method leads to low yields and it is
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often difficult to guarantee quality and consistency. Microcarrier
bioreactor cell culture shows larger yields, fewer differences
among batches, and more viral antigens are harvested.

The high-density cells in the bioreactor are cultured by con-
tinuous perfusion. Viruses are continuously harvested so that
the bioreactor can always maintain a nutrition environment for
cell growth, thus avoiding the accumulation of products result-
ing from high-density cell metabolism. During the entire proce-
dure, completely closed pipe production processes and automated
monitoring technologies are used to reduce labor input and sim-
plify manual processes, as well as significantly reduce the cost as
compared with vaccines produced by other cell culture methods.

Perfusion bioreactor technology can improve the density of
cell growth. High-density viruses can be harvested in purified
rabies vaccines produced using the microcarrier bioreactor cul-
ture technique and downstream purification process. In the cur-
rent study, the potencies of three batches of semi-products were
5.70, 7.01 and 6.02 1U/0.5 ml, respectively. The products met
the quality standards of the WHO, similar to the international
advanced Vero cell rabies vaccines.'*!

Tests aimed at determining the safety and immunogenicity
of SPEEDA PVRYV revealed no severe systemic adverse effects.

Local reactions were mainly manifested by pain and itching at
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Table 5. Abnormal reaction rate of temperature in the control and test groups after vaccination

Weak reaction

Moderate reaction Strong reaction Total

Group Injection Observed subjects
number % number % number %  number %
Test group 1 502 1 0.19 4 0.8 0 0 5 1.0
Control group 1 100 0 0 1 1.0 0 0 1 1.0
Table 6. Comparison of antibody conversion and geometric mean titer (GMT) between the test and control groups after vaccination
od 14d 45d
Group Neutralizing GMT Positive Neutralizing GMT Positive Neutralizing GMT Positive
antibody (IU/ml) (IU/ml) rate (%) antibody (IU/ml) (IU/ml) rate (%) antibody (IU/ml) (IU/ml) rate (%)
Test group <0.2 <0.2 0 0.8-11.9 5.2 100 2.7-29.2 9.5 100
Control group <0.2 <0.2 0 0.9-12.7 5.6 100 1.5-25.4 9.8 100

the injection site, local reaction rates observed in the test group
and control group were 0.62% and 0.43% respectively; systemic
side effect rates occurred in the test group and control group were
1% and 1% respectively, no significant differences were found in
these two groups. These results suggested that SPEEDA PVRV
and VERORAB PVRV showed similar safety.

The positive conversion rate of neutralizing antibodies reached
100% at 14 d and 45 d post-vaccination. GMTs in the test and
control groups were not significantly different and show that
SPEEDA PVRV and VERORAB PVRYV have the same immu-
nogenicity. Taken together, SPEEDA PVRV shows good immu-
nogenicity after post-exposure immunization.

To date, SPEEDA PVRV has been used in 25 million peo-
ple, not only in China, but also in other Central European and
African countries. Under the Essen 5-dose regimen, the neutral-
izing antibody positive conversion rate of SPEEDA was 100%
after 14 d, and the seroconversion rates at 180 d and 360 d were
100% and 89.1% respectively, which indicated that PEEDA
PVRYV possessed the persistent immunogenicity.'*

In 2011, SPEEDA PVRV was approved in the 2-1-1 immu-
nization program by the China FDA. The immunogenicity and
safety of SPEEDA PVRV was also compared with that of Rabipur
PCECV (Novartis-Behring, Germany) under 2-1-1 program. The
seroconversion rate of the subjects immunized with SPEEDA and
Rabipur were 69.39% and 68.75% respectively on day 7 after
vaccination, and were both 100% on day 14. Meanwhile, both
vaccines appeared safe and were well tolerated by the subjects. All
the above showed that PVRV (SPEEDA), under 2-1-1 regimen,
is equally safe and immunogenic as the PCECV (Rabipur) for
post-exposure prophylaxis vaccination.”

In China, rabies occurs most commonly in rural and poor
areas and most of the human rabies cases were famers. Because of
the high price and shortage sometime of the rabies vaccine, many
people in these areas cannot receive timely post-exposure immu-
nization and may acquire rabies. SPEEDA PVRYV is relatively
cheaper than the imported human rabies vaccine (32RMB/dose
for SPEEDA, 78 RMB/dose for Rabipur), which makes it easier
to afford for most people in the high epidemic but low economic
development areas.

www.landesbioscience.com

WHO recommends that rabies virus vaccine antigen con-
centrations should not be less than 2.5 TU/dose, and the serum
neutralizing antibody titer post-vaccination must be more than
0.5 IU/ml'* SPEEDA PVRV is produced using microcar-
rier bioreactor technology. Our study shows that the safety and
immunogenicity of SPEEDA PVRV equal to similarly imported
PVRVs. Because of the low price and large yields, SPEEDA
PVRV will offer great support for rabies control and prevention.

Materials and Methods

Cell culture. Vero cells at passage 134 were obtained from the
American Type Culture Collection (ATCC; 1507 1630 1758).4
Bioreactors (30 L each, Bioflo 4500 Fermentor/Bioreactor) were
purchased from New Brunswick Scientific Co. Ltd. Cytodex-1
was purchased from GE Healthcare Company.”*

Vero cells at passage 138 from the cell bank were grown sep-
arately using culture medium containing 10% calf serum in a
culture flask. After growing the cells into a monolayer, they were
subjected to further passages to passage 141. When the cell den-
sity was up to 1.0-1.2 x 10° cells/ml, they were transferred into a
bioreactor containing 25 g/L of Cytodex-1 for perfusion culture.
The cells cultured in the bioreactor could not be used beyond
passage 143.

Virus strain and amplification. The PV2061 strain of Pasteur
obtained from the United States Centers for Disease Control and
Prevention was used for vaccine production. Vero Cells cultured
at 37°C for 5 d were infected with the PV2061 virus when the
density of the cells reached 1.2-1.5 x 107 cells/ml. The tempera-
ture in the bioreactor was then changed to 33-35°C and culture
medium containing 1% calf serum was used for perfusion cul-
ture. Viruses were harvested after 3 d of culture and could be
harvested continuously for 18-22 d.

Virus was also cultured in a traditional roller bottle. Two liters
of Vero cells with a density of 3 x 10* cells/ml were transferred
into a 15-L roller bottle and cultured for 3 d. Subsequently, they
were infected with the PV2061 virus strain. The virus was har-
vested after 3 d of culture and could be harvested continuously
for 13—15 d. The titers of viruses cultured in the roller bottle and
bioreactors were determined.
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Preparation and quality control of SPEEDA PVRV. Viruses
were harvested at 2-day intervals until the 18th-22nd day, and
viral titers were determined using the mouse inoculation test
(MIT). The harvested virus was concentrated about 20 times
using a clarification filtration and ultrafiltration concentration
pipeline in a whole-course aseptic connection, and was then inac-
tivated using a 1/4,000 dilution of B-propiolactone at 4°C. After
passing test examinations such as virus titration, sterility testing,
mycoplasma testing, and inactivation efficacy testing, chromato-
graphic purification was conducted to remove the residual bovine
serum, cellular debris, residual cell DNA, and other impuri-
ties.” Comprehensive testing was performed in accordance with
the standards provided in the “Pharmacopoeia of the People’s
Republic of China” (the eighth edition issued in 2005); thus,
SPEEDA PVRV meets the standards of the national requirement
for the human rabies vaccine and was approved by the China
FDA in 2005.

Observed subjects. Based on the principle of informed con-
sent and voluntary participation, we selected 602 male and
female post-exposure volunteers who were mostly bitten by dogs
under category II exposure and did not need to inject human
rabies immunoglobulin. All the volunteers were 10 to 60 y old,
were in good health condition, and had no history of rabies vac-
cination and inoculation contraindications. Inquiry and health
checks were conducted before vaccination. Volunteers who met
the inclusion criteria were divided into two groups: a test group
(n = 502) and control group (n = 100).

Vaccination schedule. The test group was inoculated with
SPEEDA PVRV (lot 20030301-6; Liaoning, China) with a
potency of 6 IU per dose (0.5 ml). The control group received
the purified human Vero cell rabies vaccine imported from
France [VERORAB PVRY, lot U1594; manufactured by Sanofi
Pasteur (Lyon, France)] with a potency of 6 IU per dose (0.5 ml).
The potencies for both of the vaccines were determined by NIH
mouse potency test.

Both the test and control groups were subjected to the same
immunization schedule—five separate doses by upper arm del-
toid intramuscular injection on day 0, 3, 7, 14 and 28—which is
one of the post-exposure schedules recommended by the World
Health Organization (WHO).®?

Clinical observation. Clinical symptoms were mainly
observed in both the test and control groups after each vacci-
nation, and systemic and local reactions of each volunteer were
observed within 30 min and at 4, 24, 48, and 72 h. Systemic reac-
tions mainly referred to body temperature, subjective symptoms,
and objective signs such as fever, headache and malaise. Local
reactions were mainly manifested by local swelling, pain, sup-
puration and induration at the injection site.

Exclusion criteria of the observed subjects were as follows:
patients with acute febrile illness (axillary temperature > 37.5°C);
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