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Above all else be daring, be bold, be unconventional  
– Kevin Rampe





PER.C6® CELLS AS A SERUM-FREE 
SUSPENSION CELL PLATFORM  

FOR THE PRODUCTION  
OF HIGH TITER POLIOVIRUS:  
A POTENTIAL LOW COST OF 

GOODS OPTION FOR WORLD 
SUPPLY OF INACTIVATED 

POLIOVIRUS VACCINE
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A B S T R AC T
There are two highly efficacious poliovirus vaccines: Sabin’s live-attenuated oral polio vaccine 

(OPV) and Salk’s inactivated polio vaccine (IPV). OPV can be made at low costs per dose and 

is easily administrated. However, the major drawback is the frequent reversion of the OPV 

vaccine strains to virulent poliovirus strains which can result in Vaccine Associated Paralytic 

Poliomyelitis (VAPP) in vaccinees. Furthermore, some OPV revertants with high transmissibility 

can circulate in the population as circulating Vaccine derived Polioviruses (cVDPVs). IPV does 

not convey VAPP and cVDPVs but the high costs per dose and insufficient supply have rendered 

IPV an unfavorable option for low and middle-income countries. 

Here, we explored whether the human PER.C6® cell-line, which has the unique capability to grow 

at high density in suspension, under serum-free conditions, could be used as a platform for high yield 

production of poliovirus. PER.C6® cells supported replication of all three poliovirus serotypes with 

virus titers ranging from 9.4 to 11.1 log
10

TCID
50

/ml, irrespective of the volume scale (10 ml in shaker 

flasks to 2L in bioreactors). This production yield was 10-30 fold higher than in Vero cell cultures 

performed here, and even 100-fold higher than what has been reported for Vero cell cultures in 

literature (Kreeftenburg et al. 2006). In agreement, the D-antigen content per volume PER.C6®-

derived poliovirus was on average 30-fold higher than Vero-derived poliovirus. Interestingly, PER.

C6® cells produced on average 2.5-fold more D-antigen units per cell than Vero cells.

Based on our findings, we are exploring PER.C6® as an interesting platform for large-scale 

production of poliovirus at low costs, potentially providing the basis for global supply of an 

affordable IPV.
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I N T R O D U C T I O N
The availability of Salk’s inactivated polio vaccine (IPV) and Sabin’s live attenuated oral polio 

vaccine (OPV) in combination with extensive vaccination campaigns initiated by the World 

Health Organization (WHO) have led to a momentous decline of global poliomyelitis cases from 

350,000 in 1988 to 748 in 2000 [1]. In this period, poliomyelitis caused by wild-type poliovirus 

serotype 2 was completely eradicated. However, poliomyelitis due to poliovirus types 1 and 3 

persisted with 1352 and 650 cases in 2010 and 2011, respectively [2].

OPV [3] is an affordable, orally administered vaccine with generally high immunogenicity [4, 5] 

and has been the vaccine of choice for the WHOs eradication campaign. However, OPV exhibits 

relatively frequent reversion of the attenuated vaccine strains to virulent poliovirus strains that can 

induce vaccine-associated paralytic poliomyelitis (VAPP) [6-9]. When excreted by the vaccinated 

person, these revertants can be transmitted as Vaccine Derived Polioviruses (cVDPVs)[10], also as 

recombinants with other Enteroviruses [11]. While its wild-type counterpart has been eradicated 

since 1999, highly virulent cVDPV Type 2 persists today, particularly in Africa, with 414 cVDPV 

reported cases worldwide from 2008 onwards, of which 99% were caused by the type 2 cVDPV [2].

Today, in a world where endemic poliomyelitis is nearing eradication, the number of estimated 

VAPP cases is approaching the number of wild-type poliovirus cases, which has led to the conclusion 

that the use of OPV is at odds with global eradication of polio and the endgame strategy [12].

IPV, based on formalin-inactivated poliovirus [13], eliminates the risks of VAPP and cVDPVs, 

and can therefore be considered a safe alternative polio vaccine towards global eradication of 

poliomyelitis. In addition, IPV efficacy is predictably high in all geographic areas and the vaccine 

can be used in combination with diphteria-tetanus-pertussis (DTP) vaccines [14-16]. However, 

current annual supply of IPV doses is insufficient to comply with world demand should OPV use 

be stopped. Moreover, the 20-fold higher costs per IPV dose as compared to OPV render IPV an 

unaffordable choice, especially for the less developed countries [17, 18]. 

Today’s IPV production process uses the anchorage-dependent, monkey-derived Vero cells 

that are grown on microcarriers and cultured in serum-supplemented media, a cell platform 

that is widely accepted by regulatory authorities for large-scale manufacturing of vaccines [19]. 

In our present study, we explored the PER.C6®cell-line as a novel production platform for 

poliovirus. PER.C6® cells are derived from primary human retina cells that were immortalized upon 

transfection with the E1 region of adenovirus type 5 [20]. The PER.C6® cell-line is suitable for the 

propagation of many viruses, including influenza virus [ 21] and West-Nile virus [22] and can be 

grown at high cell densities (more than 1x107 cells/ml) [23] in serum-free medium in the absence of 

any solid support, making it an ideal cell-line for vaccine production at relatively low cost. Here we 

determined whether the PER.C6® platform supports replication of poliovirus types 1, 2, and 3 and if 

the yield of poliovirus production – expressed as virus titers and D-antigen content – exceeds the 

currently used Vero cell-line, also after scale up from culture flasks to lab-scale bioreactor vessels.
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M AT E R I A L S  A N D  M E T H O D S
Poliovirus strains
The poliovirus serotype 1 Mahoney strain, which was originally isolated in 1941 by Dr. Francis 

and Mack from pooled stools of three healthy children [24], was purchased from the European 

Virus Archive (EVA). The remainder of the strains used was kindly provided by Crucell Sweden 

(formerly SBL). The type 1 Brunenders strain was originally derived from the Brunhilde strain 

through twelve serial passages in tissue culture of human origin [25] and supplied to SBL by Dr. 

John Enders. The poliovirus type 2 strain, MEF-1, was originally isolated from English troops 

(Middle East Forces) during World War II. The poliovirus type 3 strain, Saukett, was supplied to 

SBL by Dr. Herdis von Magnus and was originally isolated by Dr. Jonas Salk. 

Cell culture and viral infection
PER.C6® [20] cells were maintained in suspension in 200ml serum-free Permexcis medium 

(Lonza) supplemented with 4mM L-Glutamine (Life Technologies) at 37 ˚C and 10% CO2 

in 850cm2 tissue culture roller bottles (RBs, 200 ml culture volume) and shaken at 100 rpm. 

Prior to inoculation, PER.C6® cells were spun down and resuspended in fresh medium (Permab 

(HyClone) or Permexcis, both supplemented with 4 mM L-Glutamine) to a cell density of 1x107 

viable cells (vc)/ml, transferred to either shaker flasks (SFs, 10-20 ml culture volume) or RBs, 

immediately inoculated with an MOI of 0.1 or 2 and maintained at either 33, 35 or 37 ˚C. Time of 

harvest ranged from 0-48 hours post inoculation. 

At 2L stirred tank bioreactor scale, PER.C6® cells were grown to a density of 1x107 vc/mL in 

Permexcis medium additionally supplemented with 6 mM L-Glutamine (Sigma), 1.75 g/l Glucose 

(Sigma), 0.24 g/l Sodium Phosphate (Merck, 106576), 20 ml/l Pluronic F-68 (Life Technologies), 

and 2 ml FoamAway (Life Technologies), and inoculated at 35°C at an MOI of 2. Samples were 

taken from the cultures at 18, 24 and 42 hours post inoculation. 

Vero cells were maintained in 11 Spintubes with 5 g/L Cytodex 3® microcarriers (GE 

Healthcare) in 20ml of MEM medium (Life Technologies) supplemented with 10% FBS (Life 

Technologies), 6mM L-Glutamine, and 4.5 g/L Glucose at 37˚ C and 5% CO2 and shaken at 170 

rpm. Prior to inoculation, cells from 3 Spintubes were counted on a Nucleocounter in order to 

get an average estimate of the cell count in the other 8 Spintubes, which were to be inoculated 

(approximately 1x106 viable cells per ml). The Vero culture medium was replaced with fresh 

infection medium consisting of MEM and 4mM L-Glutamine. Cells were inoculated with an MOI 

of 0.1 or 2 and maintained at 35˚C and 5% CO2. Harvest of poliovirus and determination of titer 

was performed at full CPE, approximately 1-2 days post infection.

TCID50 assay
The TCID

50
 assay was performed on Vero cells. The end-point titer was determined by scoring 

cytopathic effect (CPE) in all wells and calculated by Spearman-Kärber method [26]. 
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D-Antigen ELISA
The D-Antigen content of PER.C6®- and Vero-derived poliovirus culture was determined at 

the Netherlands Vaccine Institute (NVI) using the immunochemical method (ELISA) described 

in the European Pharmacopoeia: 0214. Briefly, 96-multiwell plates were coated with type-

specific bovine-anti-polio antiserum (NVI) and incubated overnight at room temperature. 

After washing and blocking steps, plates were incubated with the poliovirus sample for 1 hour 

at 37°C. After washing, the plates are incubated with type-specific monoclonal mouse-anti-

polio antibodies for 1 hour at 37˚C. The plates were then washed and incubated with sheep-

anti-mouse Ig (NVI), horseradish peroxidase labelled (GE Healthcare), for 1 hour at 37˚C. The 

plates were washed and substrate solution (SureBlue TMB 1) was added to the wells. After 10 

minutes of incubation H
2
SO

4
 2 mol/L (Merck) was added to stop the reaction. Calculation of the 

D-antigen concentration was performed using a 4-parameter logistic model. 

Statistical analysis
For analysis of PER.C6® versus Vero TCID

50
/ml and TCID

50
/cell, of the 4 different poliovirus strains, 

a two way ANOVA model was used with MOI and cell-line as fixed factors. Statistical analyses were 

performed using SPSS Statistics version 19 (IBM). Statistical significance level was set at 5%.

R E S U LT S
Replication kinetics of poliovirus serotypes in PER.C6®
To investigate whether PER.C6® cells supported poliovirus replication and to determine the 

possible yields and time of peak virus production, kinetics of poliovirus replication were examined. 

Figure 1 depicts the titers of the 3 poliovirus serotypes in the supernatant of PER.C6® cell cultures 

at different timepoints after inoculation with an MOI of 2 at 37°C, and at a cell density at time of 

inoculation of 1x107 vc/ml. The relatively high MOI was chosen in order to produce a single round 

replication growth curve and to avoid repeated infection cycles. This reduces the likelihood 

of viral mutation and adaptation as well as the production of cytokines during the replication 

experiment, which could influence viral titers due to multiple replication cycles. Figure 1 shows 

that a similar replication growth curve is observed for all strains. Between 0 and 2 hours post 

infection the viral titers drop which corresponds to the eclipse phase of infection. At subsequent 

timepoints, the viral titer increases exponentially, reaching a maximum titer that ranges from 9.5 

to 10.5 log
10

TCID
50

/ml for the different strains tested, within 10 hours post infection. 

PER.C6® cells are susceptible to infection by all three serotypes 
of poliovirus
After assessment of the replication kinetics we further investigated the infection of PER.C6® 

cells with the different poliovirus serotypes at different temperatures. We seeded cells at a 

density of 1x107 vc/ml in 10ml of Permexcis culture medium and subsequently inoculated them 

with Brunenders, Mahoney, MEF-1 or Saukett at an MOI of 2 at a temperature of 33, 35, or 37˚C. 
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Samples were harvested at 16 hours post infection as this corresponds to the plateau phase of 

the replication curve as shown in Figure 1. All poliovirus strains replicated reproducibly to high 

titers (ranging from 9.4 to 11.1 log
10

TCID
50

/ml) at all temperatures tested (Figure 2). At 35˚C, a 

temperature in the range that can be used for Vero-based IPV production, mean titers of more 

than 10 log
10

TCID
50

/ml were attained for all 4 strains.

Figure 1. Replication kinetics of poliovirus strains in PER.C6® cells. Poliovirus infection in PER.C6® cells at an 
MOI of 2 and 37°C was monitored over a course of 24 hours for all PV serotypes. Each data point represents 
a harvest timepoint during a continuous infection (N=1), titrated once. 

Figure 2 . Titers of four poliovirus strains in PER.C6® cells at different temperatures at small scale (10ml). Each 
data point corresponds to a separate infection titrated once for (A) Brunenders, (B) Mahoney, (C) MEF-1 and 
(D) Saukett. Black lines represent mean of the titers. (PV=Poliovirus, TCID

50
=Tissue Culture Infective Dose 50%.)
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High titers of all three poliovirus serotypes are maintained  
at large culture volumes
We examined the effect of increase in volume of PER.C6® cultures on poliovirus titers. PER.C6® cells 

were inoculated at a density of 1x107 vc/ml in either 20 ml in SFs or 200 ml in RBs with poliovirus type 1 

(Brunenders), type 2 (MEF-1) and type 3 (Saukett), all at an MOI of 2. Cultures were performed in Permab 

medium at 35˚C. All the average titers of three independent infections, in either RBs or SFs, for all three 

strains, were between 9.7 and 10.7 log
10

TCID
50

/ml (Table 1). For the SF cultures, samples from both 1 and 

2 days post infection were harvested to determine poliovirus titer. At both time points, virus titers were 

around 10 log
10

TCID
50

/ml (Table 1), indicating that the maximum titer was maintained until at least day 

2 post infection. The high poliovirus titers in 20ml and 200 ml cultures prompted us to examine the 

growth of poliovirus types 1-3 on PER.C6® cells in a larger scale bioreactor format. Experiments were 

performed at a cell seeding density of 1x107 vc/ml, at 35˚C, with an MOI of 2 in Permexcis medium.  

Poliovirus titers obtained on PER.C6® cells in a culture volume of 2L in bioreactors were similar to those 

obtained at 10, 20 and 200ml at laboratory scale (Table 2). Indeed, at bioreactor scale, poliovirus 

titers of approximately 10 log
10

TCID
50

/ml were achieved for all three poliovirus types. The samples 

Table 1. Mean titers of poliovirus serotypes 1 (Brunenders), 2 (MEF-1) and 3 (Saukett) produced on PER.C6® cells 
in shaker flasks and roller bottles. 

Sample Poliovirus serotype
Mean Virus Titera

(Log
10

 TCID
50

/ml) 95% Confidence Interval

Shaker flask (20ml) Day 1 PV1 10.4 10.0 - 10.8

PV2 10.7 10.1 - 11.3

PV3 9.9 9.6 - 10.3

Shaker flask (20 ml) Day 2 PV1 10.4 9.9 - 10.8

PV2 10.6 10.2 – 11.0

PV3 10.0 9.8 - 10.3

Roller bottle (200 ml) Day 1 PV1 9.7 9.6 - 9.8

PV2 10.2 9.6 - 10.8

PV3 9.9 9.8 - 10.1

aMean titer of 3 independent infections titrated once.
PV=Poliovirus, TCID

50
=Tissue Culture Infective Dose 50% 

Table 2. Virus titers and D-antigen content obtained for poliovirus serotypes 1 (Brunenders), 2 (MEF-1) and 3 
(Saukett) on PER.C6® cells in 2L bioreactors. 

Poliovirus 
Serotype

Mean Virus Titera (Log
10 

TCID
50

/ml) Mean D-Antigen Contentb (DU/ml)

18h 24h 42h 18h 24h 42h

PV1 10.35 10.26 10.2 2533 3384 2643

PV2 10.14 10.00 9.91 352 414 414

PV3 9.92 9.74 9.70 948 982 1339

a Mean titer of 6 independent titrations 
b DU/ml corresponds to the geometric mean of 2 independent D-Antigen ELISA’s
PV=Poliovirus, TCID50=Tissue Culture Infective Dose 50%
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taken from the bioreactors at the three time points also revealed similar D-antigen levels for all 

strains tested (Table 2). These levels exceeded those reported in literature for the Vero platform[27]. 

Comparison of poliovirus titers on PER.C6® cells  and Vero cells
An objective comparison was devised to determine poliovirus yields on PER.C6® and Vero cells 

when cultured under their respective optimal conditions but at the same volume scale (20ml). PER.

C6® cells were cultured at a cell density of 1x107 vc/ml in Permexcis medium in SFs. Conditions for 

Vero cell culture and infection were, where possible, mimicked from literature[27-30]. However, 

as detailed culture conditions are not publicly available, we optimized Vero culture to attain the 

highest poliovirus titers at small scale, parameters optimized were shaking speed of culture (170, 

180, 190 and 200 rpm), cell seeding density prior to microcarrier adherence (3, 4 and 5 x104 cells/

cm2), time post seeding prior to inoculation (2 – 6 days), type of microcarriers (Cytodex® 1 and 3). 

After optimization the following parameters were chosen: a spinning speed of 170 rpm, cell seeding 

density of 3x104 cells/cm2, virus inoculation 4 days post seeding, and use of Cytodex® 3 microcarriers. 

These parameters resulted in a reproducible, maximum cell density of approximately 1x106 cells/ml 

with high cell viability for Vero cells on microcarriers. Titers obtained for the four poliovirus strains 

tested, at an of MOI 0.1 and 2, were higher when produced on the PER.C6® platform as compared 

to the Vero platform (increases of 1.4 logs, 1.4 logs, 1.5 logs and 1 log
10

TCID
50

/ml in PER.C6® cells for 

Brunenders, Mahoney, MEF-1 and Saukett, respectively, p<0.001, Figure 3A). 

Poliovirus productivity per cell was calculated for Vero and PER.C6® cells and is shown in 

Figure 3B. Statistical analysis showed that the productivities on a per cell basis were significantly 

higher for PER.C6® cells than for Vero cells; 2.36-fold (p=0.006) higher for Brunenders, 2.43-fold 

(p=0.001) higher for Mahoney and 3.14-fold (p=0.021) higher for MEF-1. Productivity on a per 

cell basis of poliovirus type 3, Saukett, was similar for the two cell-lines. 

Comparison of D-Antigen content of PER.C6® and Vero cells 
produced polioviruses
To establish whether the producer cell-line for poliovirus could affect its D-antigen content, a 

D-antigen ELISA assay was performed on both PER.C6® and Vero cell-derived polioviruses. Figure 4A 

shows the D-antigen content per ml of virus culture, while Figure 4B shows the specific antigenic 

content on a per cell basis. The mean difference in D-antigen content of culture supernatant in PER.

C6® and Vero cells was 30-fold (p<0.001, with a 95% confidence interval of 24 – 40 fold) higher in 

PER.C6® cells as compared to Vero cells at 20ml scale, for all 4 poliovirus strains tested. The mean 

difference in antigen production per cell was 2.5-fold higher (p<0.001, with a 95% confidence interval 

of 2.0 – 3.3 fold) in PER.C6® cells as compared to Vero cells for all of the four strains tested.

D I S C U S S I O N
OPV and IPV, the two polio vaccines that are currently available, have strongly reduced the 

number of cases of poliomyelitis worldwide. OPV is superior to IPV with respect to cost and 
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Figure 3. (A) Comparison of Vero and PER.C6® cells in production of poliovirus titers (log
10

TCID
50

/ml) and 
(B) Specific infectivity productivities of Vero and PER.C6® cells (TCID

50
/cell) for poliovirus serotypes 1, 2 and 

3 at small scale (20ml Shaker Flasks or Spintubes). Each value represents an independent infection titrated 
once. Black lines represent mean of the titers. (MOI=Multiplicity of Infection, PV=Poliovirus, TCID

50
=Tissue 

Culture Infective Dose 50%).

ease of administration. However, the reversion of OPV strains to virulent and transmissible 

poliovirus has made it clear that to achieve and maintain global polio eradication, vaccination 

campaigns must switch to IPV at some point during the end game strategy [12, 31]. 

However, the 20-fold difference in pricing between OPV and IPV, which is attributed to the 

necessity for a huge viral harvest for IPV manufacture [32], makes IPV an unsuitable candidate for 

global use. Furthermore, annual demand of IPV, upon OPV cessation, would be 450 million doses, 

which is five times the current global supply of affordable IPV [33]. To overcome these problems, 

dose sparing regimes through intradermal administration or through addition of an adjuvant are 

being considered but these have not yet established similar antibody titers as compared to the 

traditional IPV regime [34, 35]. Moreover, intradermal administration of IPV would be at odds with 

formulation of IPV in combination pediatric vaccines that are administered intramuscularly.

IPV production costs may be reduced significantly by increasing the poliovirus yields from 

cell culture and by removing expensive ingredients, such as serum, and the time-consuming 

handling of microcarriers. This not only reduces production costs; the absence of serum and 

trypsin also contributes to the safety of the product. Indeed, the United States Food and Drug 
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Administration (USFDA) strongly recommend avoiding the use of animal derived components 

in the production of any pharmaceutical product [36, 37]. 

Here we show that PER.C6®, a cell-line that can be used in manufacturing processes that are 

completely void of animal-derived components, can serve as a platform for poliovirus production. 

In a direct comparison performed here, PER.C6® cells supported the replication of poliovirus 

serotypes 1, 2, and 3 to titers that were 10-30-fold higher than those achieved on the Vero cell 

platform. The titers obtained on PER.C6® cells were even 100-fold higher than the titers obtained 

on Vero cells as described in literature, which range from 7.8 to 8.5 log
10

TCID
50

/ml for poliovirus 

types 1 – 3 [27, 38]. This higher yield could partially be attributed to the fact that PER.C6® cells can be 

cultured at higher density than Vero cells, resulting in a higher volumetric production. Moreover, 

as compared to Vero cells, PER.C6® cells produced 2.4-3.1-fold more infectious poliovirus units on 

a per cell basis, at least at small scale, for type 1 (Mahoney and Brunenders) and type 2 (MEF-1). 

These data show that specific productivity is strain as well as cell-line dependent. Additionally, 

the fact that we could easily scale up from small laboratory volumes to 2L bioreactors without a 

Figure 4. (A) Comparison of Vero and PER.C6® derived poliovirus D-Antigen Content (DU/ml) and (B) 
specific D-Antigen content per cell (DU/cell) for poliovirus serotypes 1, 2 and 3 at small scale (20ml Shaker 
Flasks or Spintubes). Each value represents an independent infection assayed once for D-Antigen content. 
(MOI=Multiplicity of Infection, PV=Poliovirus, DU= D-Antigen Units)
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reduction in the yield of poliovirus production suggests that the PER.C6® platform is robust and 

suitable for further up-scaling to full production levels. We realize that the scale-up performed 

here from 20ml to 2L bioreactor level is still minimal as compared to manufacturing scale where 

vessels of 500L will be used. However, from our expertise with PER.C6® cells we know that at least 

the production of adenoviral vectors increases fairly linearly up to 50L scale. Therefore, we assume 

that the similar yields of poliovirus production at 20mL shaker flask and 2L bioreactor scale may be 

further extrapolated to predict the yield at manufacturing scale.

The robustness of the culture system was also emphasized by the fact that poliovirus titers were 

in the same range irrespective of the infection temperature used. In addition, we have observed 

similar unit productivities irrespective of the cell seeding density of infection (data not shown), which 

indicates that increased cell density does not hamper poliovirus unit productivity up to 2x107 vc/ml. 

Poliovirus titers on Vero cells in our hands ranged from 8.3 – 9.5 log
10

TCID
50

/ml which is 

higher than the poliovirus titers on Vero at manufacturing scale (7.8 - 8.5 log
10

TCID
50

/ml) [27, 38]. 

We therefore might be overestimating Vero productivity and consequently underestimating 

the observed fold increase in yield on PER.C6® cells. However, we realize that the Vero poliovirus 

titers reported in literature at manufacturing scale are historical data and that in the meantime 

Vero cell manufacturing capabilities may have been improved by using alternative cell retention 

systems to increase poliovirus production [39-41]. As a consequence of these improvements 

and of the adaptation to serum-free [42, 43] and animal-component-free medium [44, 45] Vero 

cells can grow at 5-fold higher cell densities (around 5x106 cells/ml) than used here. However, 

information on poliovirus replication in high density Vero cell cultures has not been reported 

and the potential increase in poliovirus yields that could significantly reduce the IPV cost of 

goods also on the Vero cell platform, remains to be demonstrated. 

D-antigen content of the vaccine is directly correlated to the immune response induced 

by the (inactivated) virus particle [46] and therefore IPV vaccine dosing is based on D-antigen 

content. We observed that PER.C6® derived poliovirus showed an average increase of 30-fold 

DU/ml culture supernatant for all strains tested compared to the Vero-cell derived poliovirus. In 

addition, the specific D-antigen production on a per cell basis was on average 2.5-fold higher in 

PER.C6® than on Vero cells. However, it should be noted that the D-antigen ELISA cannot make 

a distinction between mature virus particles and provirion particles, which display the same 

epitopes. Therefore, product characterization and the immune response, both before and after 

purification and inactivation of the poliovirus produced in PER.C6® cells, are to be determined. 

Recently Kreeftenberg et al. have estimated the yields for conventional IPV in doses per 

ml virus culture to be 0.64, 1.04 and 0.34 doses/ml of virus culture based on 40:8:32 DU/dose 

for poliovirus types 1 – 3, respectively and assuming a recovery of 40% after inactivation [38]. 

If we express our yield in doses per ml of virus culture using the DU/ml values obtained at 

2L bioreactor scale at 24 h.p.i. (Table 2), and assuming a comparable 40% overall D-antigen 

recovery after purification and inactivation, the PER.C6® platform would potentially produce 

34, 21 and 12 vaccine doses per ml of virus culture for poliovirus types 1 – 3, respectively. Even 

though the validity of a direct comparison to literature may be questioned, comparing the Vero 

and PER.C6® yields in dose/ml of culture volume would give a fold increase of approximately 53, 
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20 and 36 of vaccine doses per ml of virus culture for each of the serotypes 1 – 3, respectively. If 

we can obtain these higher yields at production scale, we may be able to sell PER.C6® based IPV 

at an, also according to WHO definition, affordable price. 

The PER.C6® cell-line was developed to serve as a manufacturing platform for biological 

products. For that purpose several PER.C6® cell banks were laid down and extensively tested for 

absence of adventitious agents. PER.C6® based drug products have been approved by Regulatory 

Agencies for use in clinical trials both in the USA and Europe as well as many other countries 

world-wide. Furthermore, the extensive USP and DSP expertise obtained during generation of 

PER.C6®-derived clinical trial material will serve as essential know-how for optimization of the 

PER.C6®-IPV manufacturing conditions.

In summary, we envision the PER.C6® cell-line as an excellent platform for poliovirus 

production. Many hurdles are to be surpassed before a complete PER.C6®-IPV production 

process is in place; however, with the results attained here, we are convinced that the optimized 

platform can ultimately lead to the generation of a safe and affordable IPV, which may support 

the complete cessation of OPV use. 
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